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ABSTRACT
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N-(2,4-dinitrophenyl)pyridinium chloride with amines in moderate to

N-Substituted diaza[12]annulenes are obtained by one -pot reaction of

high yields. The H NMR spectrum reveals that diamagnetic ring current is generated in the diaza[12]annulene ring. The

[12]annulenes are electrochemically active in solution.
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N-substituted diaza-

Annulenes have attracted much attention since the first reporting (4n — 2)x electrons has no precedent. The aromaticity

on [8]annulene in 1911 Many efforts have been devoted
to probing the (anti)aromaticity of flannulenes by using
NMR spectroscopy and computational methédsThe addi-
tion of -electrons to the [dlannulenes that are antiaromatic

and chemical properties of dicationicnfannulenes and
hetero[4]annulenes remain elusive.

The introduction of a substituent on the nitrogen atoms
of a diaza[12]annulene will give a dicationic species. It is

in the Hickel sense has been carried out to alter their aroma-known that the thermal and electronic properties Nof

ticity and magnetic properti€s® Among the [4]annulenes,

substituted azaf + 1]annulenesr( = 2, 3, and 4) vary

studies on [12]annulenes and hetero[12]annulenes are verydepending on theN-substituent?~1* Investigation of the

limited due to their decreased thermal stabflity!! Steven-

son reported that [12]Jannulenes show diamagnetic proptfties.
To our knowledge, the subtraction of tweelectrons from

a [4n]annulene to provide a dicationicrifannulene contain-
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aromaticity and chemical properties of tiNesubstituted
diaza[12]annulenes will provide new information about
hetero[4]annulenes. However, there is only one report on
such a diaza[12]annuleRgand its N-substitution reaction
to generate a dicationic species has not yet been performed.
Herein, we report the one-pot synthesisNobubstituted
diaza[12]annulenes and an investigation of their aromaticity
and their structural, optical, and electrochemical properties.
A plausible reaction pathway is also reported.
N-Substituted diaza[12]annulene® (vere obtained by a
2:2 reaction oN-(2,4-dinitrophenyl)pyridinium chloridelj
with substituted aminé3(2) in 40—83% yields (Scheme 1).
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Scheme 1. Reaction ofN-(2,4-Dinitrophenyl)pyridinium
Chloride @) with Amine (2)
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The results of these reactions are summarized in Table 1. 5
Reaction ofl with 4-haloaniline (entries47) gave a mixture

Table 1. Results of Reaction di-(2,4-
Dinitrophenyl)pyridinium Chloride ) with Amines @)

Figure 1. *H NMR spectrum of3ain DMSO-ds at 20°C.

The 'H NMR peak positions and values corresponding
to the hydrogen atoms of the diaza[12]annulene ringeofg

yield, % were essentially the same, independent of the structure of
entrye 9 Ar 3 4 the N_-subst|tuent. The appearance of fHENI\_/IR_ peaks of
the diaza[12]annulene ring at lower magnetic field positions
1 2a 2,5-Me-CqHs 3a, 40 0 by about 2-3 ppm compared with those of the outer
§ ;L’ p :Fl\f{zol'fem g: gg’ g hydrogens of the [12]annulerféand hetero[12]annulen@4®
4 2d 112-01-5654 3d” 73 4d. 6 has been ascribed to the generation of diamagnetic ring
5 P p-Br-CgH, 3e, 76 4e, 3 currents in the diaza[12]annulene ring. Such a downfield shift
6 of p-1-CeHy 3f, 46 4f, 3 of the 'H NMR peak induced by diamagnetic ring current
7 2g n-hexyl 3g, 40 0 was also observed in the [12]annulene arfion.

The diaza[12]annulenes give rise to two absorption bands
in the ranges of 255284 and 35%+396 nm, and their relative
intensities vary depending on the structures of the

substituents, as summarized in Table 2. It is reported that
of N-halophenyl diaza[12]annulene dichloride awthalophe- _
nylpenta-2,4-dienylidene--halophenylinium chlorided).'®
The diaza[12]annulenes obtained were soluble in water andTable 2. Absorption and Electrochemical Oxidation Potential
polar aprotic solvents such a,N-dimethylformamide,  Data of Diaza[12]annulene Dichlorid&)(

a Ethanol solution ofl. and2 in a 1:2 molar ratio was refluxed for 12 h
under nitrogen® Isolated yield ¢ Estimated fromtH NMR spectrum of a
mixture of 3 and 4.

dimethyl sulfoxide (DMSO), antll-methyl-2-pyrrolidinone. absorption,® nm E.cV
The structures 08 and4 were confirmed by FAB-MS!H entry 3 (loge, M~lem™1) (vs Agt/Ag)
and®C NMR spectroscopy, and elemental analysis. 1 3a 255 (3.95), 351 (2.85) 0.79
Figure 1 depicts théH NMR spectrum of3ain DMSO- 2 3b 264 (5.56), 333 (5.18), 396 (4.51) 0.77
ds. Peaks ab) 9.29, 8.83, and 8.33 are assigned ) H, 3 3c 268 (4.53), 297 (3.88) 1.15
and H of the diaza[12]annulene ring, respectively. Observa- 4 3d 266 (4.79), 365 (3.92) 1.07
tion of these three signals of the diaza[12]annulene ring in 2 3? ;23 Ei-gi; 292 (4.56). 369 (4.05) égg
a 2:1:2 integral ratio suggests that the diaza[12]annulene ring 7 3¢ 258 (4.17). 336 (3.58), 395 (3.31) 073

has aC,symmetric conformation. As judged from the
coupling constantsly, -+, = 5.9 Hz andJy,- v, = 6.6 Hz,
the diaza[12]annulene ring may form an all-cis geometrical

a|n EtOH. ® Shoulder peak In DMSO solution including ENBF4 (0.1
M). Sweep rate was 50 mv-&

structure at 20C, as shown in Figure 13C NMR data also
support this structur¥. A previous report predicted the all-

cis structure to be the most stable of the six geometries of

[12]annulene isomers.

(15) Reactions ofl with 4-nitroaniline and with 4-aminoacetophenone
did not give both3 and 4. A possible reason for the results is that low
basicity of the amines prevents nucleophilic addition to the pyridinium ring

of 1.

(16) It was reported that reaction @fwith amine in a 1:1 molar ratio
gaveN-arylpenta-2,4-dienylidene-l-arylinium chloride. See: Becher, J.

Synthesis98Q 589.

4280

N-substituted aza[9]annulenes exhibit two absorption bands
and their intensities are affected by the structures of the
N-substituents? Diaza[12]annulen8b exhibited absorptions

at longer wavelengths than those exhibited3ay probably

(17) Three3C NMR signals due to the diaza[12]annulene ring were
observed ab 142.2, 146.1, and 142.0.
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Scheme 2. Possible Reaction Mechanism fidlkSubstituted Diaza[12]annulene Dichloride
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due to the expansion of the-conjugation system from the

diaza[12]annulene ring to the 4-methoxyphenyl groups.
The steric effect of the methyl group at the 2-position of

the 2,4-dimethylphenyl ring dda may hinder the expansion

Scheme 2 shows a plausible preparation mechanism for
the diaza[12]annulene dichlorid@)(and N-arylpenta-2,4-
dienylidene-1N-arylnium chloride 4), where nucleophilic
addition of amine to the pyridinium ring df occurs first,

of thesr-conjugation system. The absorption data often give followed by ring-opening of the dihydropyridyl ring and
valuable information in predicting the planarity of the elimination of 2,4-dinitroaniline by reaction of the ring-
annulene ring. The reported tetrabenzodiaza[12]annulene haspening compound witA to provide4 (path a). The reaction

a nonplanar ring structure, and exhibits absorptions at 235of N-(2,4-dinitrophenyl)penta-2,4-dienylideneNtarylinium

and 300 nnt! The diaza[12]annulene ring 8fseems to have

a more planar structure than that of tetrabenzodiaza[12]-

annulene, as judged from the absorption data.

chloride with amine to givel has been reported.The 3:4
preparative ratios obtained by reactionlofvith aromatic
amines depend on the basicity of the amine. These results

Cyclic voltammetry measurements suggested that theindicate that the nucleophilic addition of the NH groupdof
diaza[12]annulenes underwent electrochemical oxidation in to the pyridinium ring ofl is a crucial step for generation

a DMSO solution including BNBF,. Figure 2 depicts CV

1.0

anodic

Lol

Ealhndic i

05 ECE
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Figure 2. CV curves of3aand3gin a DMSO solution including
EuNBF, (0.1 M). Sweep rate was 50 mV''s

curves ofdaand3g. As summarized in Table 2, the oxidation
potential is dependent on thesubstituent3g with electron-
donatingn-hexyl substituents (entry 7) shows a peak at a
lower oxidation potential than the compounds with electron-
withdrawing substituents3c—f (entries 3-6).
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of the diaza[12]annulene ring.

In summary,N-substituted diaza[12]annulenes were ob-
tained in moderate to high yields by the one-pot reaction of
N-(2,4-dinitrophenyl)pyridinium chloride with amines. The
H NMR spectra of the products revealed that a diamagnetic
ring current was generated in the diaza[12]annulene ring.
Cyclic voltammetry analysis indicated that the diaza[12]-
annulenes were electrochemically active in solution. Diaza-
[12]annulenes with 4-halophenyl substituents would be a
useful starting material for functional compounds and
polymers. These approaches are under investigation in our
laboratory.
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