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Several viologen analogs having good coplanarity were synthesized and their redox potentials were

measured by cyclic voltammetry.

A viologen has attracted much attention in various
fields as it shows two reversible one-electron reduc-
tions with very ease.? Recently we reported synthe-
sis and some properties of analog 4 of methyl-
viologen(MV2+), expecting that the increased re-
sonance in the bipyridyl system may lower the redox

1

N@8@N —BX__ n-*&)(:)g@f-n

—_—

R R
4 CHg 8  CygHaz
-I'NO2 5  CoH 9  CgHs5CHa-
O ON—@NOZ - 28 = revseh2
cI- 6 n-CgHy 10 NC-@-CHg-
12 He Hd

i1so-CgHy

~
12
4
(o]
N

potential.® The present paper describes the syntheses
of novel analogs of viologen 4—11 in detail and their
electronic properties.

Results and Discussion

As described previously,® [2.2](3,5)pyridinophane
(2) was chosen as a starting material for our purpose.
The compound 2 was prepared from the correspond-
ing cyclic disulfone by pyrolytic procedure as re-
ported.¥ Pyridinophane 2 was converted into 4,5,
9,10-tetrahydro-2,7-diazapyrene (3), a key intermedi-
ate for the following synthesis, by a transannular
reaction. Itis well-known that [2.2]metacyclophane is
subject to the transannular reaction by treatment with
various reagents, e.g. electrophiles, radical species, etc.
to give tetrahydropyrene derivative.9 Pyridinophane
2, on the other hand, was treated with these reagents
but it produces none of the desired compound 3. After
various examinations, a modified transannular reac-
tion with acetic anhydride, zinc dust, and FeCls
catalyst® gave 3 in 53% yield, that corresponds to 2.1%
in over-all yield from 3,5-lutidine (1). The structure of
compound 3 was confirmed by elemental analysis and
'H NMR spectroscopy. In the spectrum no other
signal than two singlets (6 2.87 and 8.39) was observed
in CDCls. The former is assigned to H,, a proton of
ethylene bridge, and the latter to Hs, aromatic proton
as shown in Scheme 1.

Quaternarization of 3 with alkyl halides was carried
out in polar solvent, methanol or N,N-dimethylform-

NOz He amide (DMF), to yield the target compounds 4—11 in
Scheme 1. the conditions as shown in Table 1. For example,
Table 1. Reaction Conditions and Yield of Products 4—11
Entry Reagent Solvent Temp/°C Time/h Product Yield/%
1 CHsl Mo 55—60 14.0 4 79
2 C2H;sBr D9 95—100 3.0 5 87
3 CsH7Br D 90—95 3.5 6 87
4 (CHj3)2CHBr D 100—105 3.0 7 68
5 CisH37Br D 105—110 7.5 8 91
6 CsHsCH2zBr D 105—110 13.0 9 Quant.
7 4-CBB? D 110—115 2.5 10 53
8 2,4-DNCBY M Reflux 12.5 11 84
9 2,4-DNCB M 50—55 7.0 12 60

a) 4-Cyanobenzyl bromide. b) 1-Chloro-2,4-dinitrobenzene. c) Methanol. d) DMF.
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ethylation of 3 with ethyl bromide in DMF at 95—
100 °C for 2 h gave 2,7-diethyl-4,5,9,10-tetrahydro-2,7-
diazoniapyrene dibromide (5) in 87% yield. While
arylation of 3 with 1-chloro-2,4-dinitrobenzene in
methanol at 50—55°C for 7h gave mono-onium
compound, 7-(2,4-dinitrophenyl)-4,5,9,10-tetrahydro-
2-aza-7-azoniapyrene chloride (12) in 60% yield, the
same reaction under reflux for 12.5h afforded the
desired bis-onium compound, 2,7-bis(2,4-dinitrophe-
nyl)-4,5,9,10-tetrahydro-2,7-diazoniapyrene dichloride
(11) in 84%. In the 'H NMR spectrum of 11, the
aromatic proton appears at very low field (8 9.35) in
DMSO-ds. The remarkable downfield shift of the
aromatic protons is observed in all of the spectra of
4—11, indicating the quaternarization of each two
nitrogen atoms in the diazapyrene 3. The redox
potentials measured by cyclic voltammetry and the
I'H NMR characteristic shifts of 4—11 are summarized
in Table 2.

Any cyclic voltammogram of the products 4—11
shows two reversible one-electron reductions except
that of 11. Cyclic voltammogram of 11, on the other
hand, shows diffusion-controlled and irreversible
reduction, which is probably due to feature of nitro
group. The redox potentials of 4—10 are almost equal
to that of methylviologen in any case. This fact
suggests that the increased resonance in the bipyridyl
system and the electron-releasing effect of ethylene
bridges are compensated each other in these diazonia-
pyrene derivatives 4—10.

It is well-known that N,N’-bis(2,4-dinitrophenyl)-
4,4’-bipyridinium salt is an available precursor for the
other viologen derivatives by a facile ring transforma-
tion reaction with an amine.”? From this point of
view, the compounds 11 and 12 are assumed to be
useful as valuable precursors for synthesis of a
symmetrical and an unsymmetrical viologen analogs
having good coplanarity.

Experimental

Measurements. All melting points were measured on a
Yanako melting point apparatus and were uncorrected.
IHNMR spectra were recorded with a Hitachi R-20B
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spectrometer, IR spectra with a Hitachi 260-10 spectropho-
tometer, and UV spectra with a Shimadzu UV-240
spectrophotometer. Cyclic voltammograms were obtained
with a Yanako polarographic analyzer P-1100.
4,5,9,10-Tetrahydro-2,7-diazapyrene (3): To a mixture of
1.00 g (4.75 mmol) of [2.2](3,5)pyridinophane (2), 27 ml of
acetic anhydride, 0.5 ml of acetic acid, and a catalytic
amount of iron(III) chloride contained in a 100 ml three-
necked flask was added a 136 mg portion of zinc powder(90%
assay) with vigorous stirring at 30—40 °C under a nitrogen
atmosphere. The temperature was maintained at 30—40 °C,
an additional amount of zinc (1.362 g) was added in three
portions at every half an hour. The mixture was stirred
another 15 h at 30—40 °C, and then heated to 90 °C within
5min. Upon ice-cooling to ca. 30 °C, stirring was con-
tinued further for 5h under introduction of air. After
evaporation, a little of water was added to the mixture and
then neutralized till pH 9 with an aqueous solution of
sodium hydroxide. The resulting mixture was stirred for
additional 6 h at 40 °C. After filtration with Hyflo Super-
Cel, the filtrate was extracted with chloroform. The organic
layer was washed and dried over anhyd magnesium sulfate.
The solvent was evaporated up to give a crystalline solid. It
was purified by column chromatography on a silica gel to
give 527 mg (yield: 53%) of 3; colorless plates from acetone;
mp 227.5—228.5°C. 'H NMR (CDCls) 6=2.94 (8H, s, ben-
zylic CHyz), 8.39 (4H, s, aromatic H). Found: C, 80.98; H, 5.87;
N, 13.33%; Calcd for C14sHi2N2: C, 80.74; H, 5.81; N, 13.45%.
2,7-Dimethyl-4,5,9,10-tetrahydro-2,7-diazoniapyrene Diio-
dide (4): A solution of 118 mg (0.570 mmol) of 4,5,9,10-
tetrahydro-2,7-diazapyrene (3) and 460 mg (3.2 mmol) of
methyl iodide in methanol (5 ml) was stirred at 55 °C for 4 h.
Then 460 mg (3.2 mmol, total 920 mg) of methyl iodide was
added and the mixture was stirred for another 5h. A red
crystalline solid was collected by filtration and recrystallized
from methanol to give 220 mg (yield: 79%) of 4 as red plates;
mp>300°C. UV(CH3OH) 300 nm (log e=4.14). 'H NMR
(DMSO-ds) 6=3.19 (8H, s, benzylic CH2), 4.37 (6H, s, CH3s),
9.06 (4H, s, aromatic H). Found: C, 38.76; H, 3.62; N, 5.59%;
Calcd for CieHi1sNzla: C, 39.05; H, 3.69; N, 5.69%.
2,7-Diethyl-4,5,9,10-tetrahydro-2,7-diazoniapyrene Dibro-
mide (5): A solution of 120 mg (0.576 mmol) of 3 and
380 mg (3.46 mmol) of ethyl bromide in DMF (5 ml) was
heated at 95—100 °C for an hour with magnetic stirring.
After the addition of ethyl bromide (380 mg, 3.46 mmol), the
mixture was further heated at 95—100°C for 2h. After
cooling, the mixture was filtered and the collected solid was

Table 2. 'H NMR Data and Redox Potentials of Products 4—11
3 a)

Compound Ar-H 8-Value Bridge-CH El,/V® E2,/V®
4 9.06 3.19 —0.59 =1.03
5 9.29 3.23 —0.61 —1.05
6 9.21 3.21 —0.63 —1.08
7 9.30 3.23 —0.72 —1.17
8 9.69 3.38 —0.70 —1.15
9 9.50 3.20 —0.62 —1.07
10 9.31 3.20 —0.51 —0.92
11 9.35 3.48 —_ —
MVz+ — — —0.53 —0.90

a) 60 MHz in DMSO-de.

b) Volts vs. saturated calomel electrode at a glassy carbon electrode and the counter

electrode was a Pt wire; 0.1 M EtsNCIO4-DMF, scan rate 0.1 Vs~1.
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recrystallized from benzene-ethanol (2:1) to give 203 mg
(yield: 87%) of 5 as pale yellow fine crystals; mp 282—
285 °C (decomp). UV (CH3OH) 300 nm (log £e=4.29). 'H
NMR (DMSO-ds) 6=1.63 (6H, t, J=7 Hz, CH3s), 3.23 (8H, s,
benzylic CHz), 4.69 (4H, q, J=7 Hz, N*-CH3), 9.23 (4H, s,
aromatic H). Found: C, 50.75; H, 5.30; N, 6.59%; Calcd for
CisH22N2Bre2: C, 50.73; H, 5.20; N, 6.57%.

The other 2,7-disubstituted 4,5,9,10-tetrahydro-2,7-diazo-
niapyrene salts were prepared in a similar way to that used
for 5 under the conditions as shown in Table 1.

2,7-Dipropyl-4,5,9,10-tetrahydro-2,7-diazoniapyrene Dibro-
mide (6): Pale yellow fine crystals from benzene-ethanol
(yield: 87%), mp 270—280°C (decomp). UV (CHsOH)
313 nm (log £=4.49). 'H NMR (DMSO-ds) 6=0.95 (6H, t,
J=17Hz, CH3), 2.05 (4H, sext, J=7 Hz, CH: in propyl), 3.21
(8H, br. s, benzylic CHg), 4.60 (4H, t, J=7 Hz, N-CHy), 9.21
(4H, s, aromatic H). Found: C, 52.85; H, 5.75; N, 6.24%;
Calcd for Cz0H26N2Bra: C, 52.88; H, 5.77; N, 6.17%.

2,7-Diisopropyl-4,5,9,10-tetrahydro-2,7-diazoniapyrene Di-
bromide (7): Pale yellow columns from ethanol (yield:
68%), mp 270—275 °C (decomp). UV (CH3sOH) 300 nm (log
£=4.28). 'TH NMR (DMSO-dg) 6=1.69 (6H, d, J=7 Hz, CH3s),
3.23 (8H, s, benzylic H). 5.07 (2H, hept, J=7 Hz, N-CH),
9.30 (4H, s, aromatic H). Found: C, 52.12; H, 5.62; N, 6.19%;
Calcd for CooH2eN2Brz-1/2 H20: C, 51.85; H, 5,89; N, 6.05%.

2,7-Dioctadecyl-4,5,9,10-tetrahydro-2,7-diazoniapyrene Di-
bromide (8): Pale yellow fine crystals from acetone-chloro-
form (yield: 91%), mp 261—268 °C (decomp). UV (CHsOH)
301 nm (log e=4.31). '"H NMR (DMSO-ds) 6=0.7—2.9 (66H,
m, CHs and CHz in stearyl except N-CHz), 3.38 (8H, br. s,
benzylic H), 4.6—5.1 (4H, m, N-CHz), 9.69 (4H, br. s,
aromatic H). Found: C, 65.41; H, 9.54; N, 3.05%; Calcd for
CsoHssN2Br2- 1/2H,0; C, 65.91; H, 9.97; N, 3.07%.

2,7-Dibenzyl-4,5,9,10-tetrahydro-2,7-diazoniapyrene Di-
chloride (9): Pale yellow fine crystals from benzene-
ethanol (yield: quant.), mp 195—200°C (decomp). UV
(CH30H) 302 nm (log e=4.28). 'H NMR (DMSO-dg) 6=3.20
(8H, s, bridge CHyz), 5.92 (4H, s, N-CH3), 7.3—7.8 (10H, m,
Aromatic H of benzene), 9.50 (4H, s, aromatic H of
pyridine). Found: C, 72.12; H, 5.89; N, 5.94%; Calcd for
CasHgN2Clz - 1/4H20: C, 72.17; H, 5.74; N, 6.01%.

2,7-Bis(4-cyanobenzyl)-4,5,9,10-tetrahydro-2,7-diazoniapy-
rene Dibromide (10): Yellow needles from methanol (yield:
53%), mp 194—196 °C (decomp). UV (CHsOH) 303 nm (log
£=4.30). IR(Nujol) 2240 cm~! (vcn). 'H NMR (DMSO-ds)
6=3.20 (8H, br. s, bridge CHz), 6.00 (4H, br. s, N-CH3), 7.82
and 7.96 (8H, AA’BB’, Jas=8 Hz, aromatic H of benzene),
9.31 (4H, s, aromatic H of pyridine). Found: C, 59.33; H,
4.08; N, 9.25%; Calcd for CsoH24N4Brz-1/2H20: C, 59.13; H,
4.14; N, 9.15%.

2,7-Bis(2,4-dinitrophenyl)-4,5,9,10-tetrahydro-2,7-diazo-
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niapyrene Dichloride (11): A mixture of 500 mg (1.33
mmol) of 4, 3.90 g (19.2 mmol) of 1-chloro-2,4-dinitroben-
zene, and methanol (2.5 ml) was refluxed with magnetic
stirring for 12.5h under a nitrogen atmosphere. After
cooling, the mixture was evaporated. To the oily residue,
some benzene was added. A resulting solid was collected and
recrystallized from methanol to give 1.24 g (yield: 84%) of 11
as yellow prisms; mp 156—164 °C (decomp). UV (CH3OH)
313 nm (log £=4.49). IR(Nujol) 1550 and 1345 cm~! (vno,).
1H NMR (DMSO-ds) 6=3.48 (8H, s, Ha), 8.43 (2H, d, J=8 Hz,
He), 8.95 (2H, dd, J=2 and 8 Hz, Hd), 9.29 (2H, d, J=2 Hz,
Hc), 9.35 (4H, s, Hb). Found: C, 50.15, H, 3.10; N, 13.46%;
Calcd for CzHisNeOsClz-1/2H20: C, 50.17; H, 3.08; N,
13.50%.

7-(2,4-Dinitrophenyl)-4,5,9,10- tetrahydro - 2- aza - 7-diazo-
niapyrene Chloride (12): A mixture of 200 mg (0.96 mmol)
of 4, 1.556 g (7.68 mmol) of 1-chloro-2,4-dinitrobenzene, and
methanol (1 ml) was heated at 50—55°C with magnetic
stirring for 7 h under a nitrogen atmosphere. After cooling,
the mixture was evaporated up to give an oily residue and
acetone was added.

Recrystallization of the resulting solid from benzene-
ethanol gave 238 mg (yield: 60%) of 12 as a pale yellow
powder, mp 165—170 °C (decomp). H NMR (CHsOH-d4)
6=3.48 (8H, br. s, bridge CHz), 8.34 (1H, d, /=8 Hz, He),
8.64 (2H, br. s, aromatic H of pyridine), 8.92 (1H, dd, J=2
and 8 Hz, Hd), 9.14 (2H, s, aromatic H of pyridinium ring),
9.26 (1H, d, J=2 Hz, Hc). Found: C, 57.36; H, 3.79; N,
13.16%; Calcd for C20H1sN4O4Cl-1/2H20: C, 57.21; H, 3.84;
N, 13.34%.

The authors wish to express their thanks to Dr.
Kunihiko Yokoi of Osaka Kyoiku University for his
kind measurement of cyclic voltammetry.
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