
Tetracyanoazulenequinodimethanes and dicyanoazulene-
quinonemethides, a new family of azulene-based electron
acceptors have been derived from mono-, di-, and tri-bromo-
and -chloro-azulenequinones by reaction with titanium tetra-
chloride, malononitrile and pyridine.  Their unique electron
acceptability has been revealed by CV measurement.

Azulenequinones (AzQs) are novel and one of the most
interesting classes of non-benzenoid quinones and their chemi-
cal and physical properties are of particular interest in connec-
tion with benzenoid quinones.1–5 In 1980 and 1984 Scott and
his co-workers reported the syntheses of mother 1,5- and 1,7-
AzQs and predicted the stability of 16 possible AzQs'
structures2,4 and with regards to them a very strong electron
acceptability of tetracyano-2,6-azulenequinodimethane was also
anticipated.  Although the high electrical conductivity found in
TTF-TCNQ6 complex in 1973 accelerated interest in organic
conductors and many strong electron donors have been synthe-
sized, far less new electron acceptors seem to have been devel-
oped except a considerable number of benzenoid TCNQ family.
Recently, strong electron acceptors such as 4-oxo-2,6-
bis(dicyanomethylene)-2,6-dihydrocyclopenta[2,1-b;3,4-b']-
dithiophene,7 the first molecular metal of heterophene-TCNQ,
and 2,4,6,8-tetracyanoazulene8 have been reported.  In this con-
text we have developed novel non-benzenoid TCNQ type com-
pounds as a part of our study of AzQs.9

We present herein the syntheses of quinodimethanes
(TCNAzQDMs) and dicyanoazulenequinonemethides
(DCNAzQMs) from halo-1,5- and 1,7-AzQs 1–69 and their
physical properties centered on redox potentials. 

Halo-AzQs 1–6 were treated with titanium tetrachloride in
the presence of malononitrile and pyridine10,11 to give
DCNAzQMs 7–1211 as yellow to orange crystals and
TCNAzQDMs 13–1811 as red to purple crystals (Scheme 1).
The formers are the precursors to the latters, where not a hepta-
fulvene but a fulvene structure was assigned to the formers
because of disappearance of the characteristic IR absorption
maximum of ca. 1720 cm–1 of the five-membered ring carbonyl
group.  Depending on molar ratio of the reagents the yields of
products were changeable but their values were not high
(1–48%) because of instability of the products.  In 7–18 protons
of peri-position to the dicyanomethylene groups of a five-mem-
bered ring showed a characteristic low field 1H NMR chemical
shift.  The longest wave-maxima of UV–vis spectra of 7–12
appeared at ca. 450–550 nm in dichloromethane while those of
13–18 did at ca. 600–650 nm, indicating an increase in the
length of the conjugated system in the latters.

In order to survey the ability of AzQs, DCNAzQMs and
TCNAzQDMs as an electron acceptor, their cyclic voltammetry
(CV) was measured (Tables 1 and 2).  The reversibility for
AzQs and DCNAzQMs was poor but that for TCNAzQDMs
was better and trichloro compounds, 6, 12, and 18 showed good
reversibility. 

The electron acceptability increases in the order of AzQs,
DCNAzQMs and TCNAzQDMs in which the compounds of
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1,5-series are equal to or stronger than those of 1,7-series.  The
most strong electron acceptors were tribromo-1,5- and -1,7-
TCNAzQDMs 17a,b (E1

1/2 0.13 V).  The more the number of
substitution by bromine or chlorine increases the higher the
reduction potential becomes throughout those series, which
seems to be explained by inductive effects of halogens.
Unexpectedly, however, chloro-series were inferior to bromo-
series (14 vs 13, 16 vs 15, and 18 vs 17) in spite of the weaker
electronegativity of bromine.  The bond orders calculated by
PM312 between carbon and bromine are 1.0435 (five-membered
ring) and 1.0169 (seven-membered ring) in 15a and those
between carbon and chlorine are 0.9789 (five-membered ring)
and 0.9677 (seven-membered ring) in 16a.  The optimized
geometry of 17a and 17b are almost planar.  Thus the balance
sheet of electron-withdrawing inductive effects and electrondo-
nating resonance effects from halogens might be reflected in the
results; Hammett σm values for Cl (0.37) and Br (0.39) could be
another choice for the explanation. 

In summary, we have first prepared halo-TCNAzQDMs
and halo-DCNAzQMs, a new family of azulene-based electron
acceptors, from halo-AzQs and measured their redox potentials
by cyclic voltammetry. 
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