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Abstract — 3,6-Diethylphthalonitrile (3) fused with diselenadithiafulvalene
(DSDTF) was prepared from 5,6-dibromo-4,7-diethylbenzotriselenole (1) and
treated with lithium alkoxide to produce octaethylphthalocyanine (6) with four
DSDTF units.  The structure of the product was determined by 'H NMR and
MALDI-TOF-MS.  Electrochemical and optical properties of 6 and its nickel

complex (6-Ni) were examined by cyclic voltammetry and UV-vis spectroscopy.

Besides actual use for dyes, pigments, and catalysts, phthalocyanines (Pcs) are expected to be applied to
functional dyes in fields of solar cells, nonlinear optical materials, photodynamic therapy for cancer, and
so on.!  In these applications, it is one of the most significant subjects that Pcs possess strong
absorption (Q-band) at the near infrared region. The Q-band absorption can be modulated by the
substituent effect; for example, Kobayashi and Cook reported that Pcs with the electron donating groups
at the a-positions can show the absorption at the lower energy field compared with unsubstituted Pcs and
P-substituted ones.2  On the other hand, there are many reports of hybrid molecules consisting of Pcs
and tetrathiafulvalene (TTF),3 and Pcs, directly fused with four TTF scaffolds, were first reported by
Decurtins.4  As related studies, we recently reported Pcs with long alkyl groups at the a-positions and
four TTF units at the B-positions [Pc(TTF),] and their unsymmetric derivatives.>-6  Diselenadithia-
fulvalene (DSDTF) is an analogous molecule of TTF and a strong electron donor similar to TTF and
tetraselenafulvalene (TSF).7-  Although DSDTF is known to be able to produce electron-transfer
complexes, there is no report about hybrid molecules between DSDTF and Pcs.  To construct a
molecule consisted of Pc and four DSDTF units, phthalonitrile (3) fused with the DSDTF unit at the

4,5-positions was prepared as a precursor.  In addition, eight ethyl groups at the a-positions of Pc and
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eight butylthio groups on the DSDTF units were introduced in order to shift the Q-band absorption to
near infrared region and solubilize the product in common organic solvents.  This paper reports the
preparation, structure determination, and optical and electrochemical properties of octaethyl-

phthalocyanine bearing the four DSDTF units.
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4,5-(o-Xylylenediseleno)-3,6-diethylphthalonitrile (3) was prepared from 5,6-dibromo-4,7-diethyl-
benzotriselenole (1)° via 4,5-(o-xylylenediseleno)-3,6-diethyl-1,2-dibromobenzene (2) (Scheme 1). In
this process, the cyanation reaction of 2 was unfortunately low yield, which may depend on the lower
bond energy of the Se-C bond compared with that of the S-C bond.>  Compound (3) was reacted with
toluene in the presence of AICIl3 under argon for 2 h to eliminate the o-xylylene group, and then
carbonyldiimidazole was added to the reaction mixture. ~ The solution was stirred at 100 °C for 3 h to
produce 3,6-diethylphthalonitrile (4) fused with a 1,3-diselenol-2-one ring in 67% yield. The
o-xylylene group could be used as a protecting group for o-benzenediselenol.  Thus, the deprotection of
the o-xylylene group via the Se-C bond cleavage and the generation of o-benzenediselenol were
conducted by this reaction. = Compound (4) was reacted with 4,5-bis(butylthio)-1,3-dithiol-2-thione in
triethylphosphite at 120 °C for 3 h to give 3,6-diethylphthalonitrile (5) with the DSDTF unit in 38% yield
after silica gel column chromatography and recrystallization. 10,11 For the tetramerization of
phthalonitrile, lithium alkoxide prepared from lithium (31.7 mg, 4.6 mmol) in n-hexanol (1.5 ml) was
added to 5 (200 mg, 0.3 mmol) and the reaction mixture was stirred at 120 °C for 3 h (Scheme 2).  The
reaction produced a blue-green suspension.  The product was filtered, dried, and purified by silica gel
column chromatography, which gave octaethylphthalocyanine (6) with the four DSDTF units in 33%
yield (66.4 mg).12  Compound 6 was further reacted with nickel (II) acetate at 155 °C for 3 h to
produce complex 6-Ni in 54% yield.!13 ~ Compounds 6 and 6-Ni are soluble in dichloromethane,

chloroform, and THF.  'H NMR of 6 and 6-Ni showed clear signals for the ethyl and the butylthio
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groups.  The inner pyrrole protons of 6 were observed at d =—1.41 ppm in the spectrum.  Since 6 and
6-Ni have eight selenium atoms, we could characterize the molecules by 77Se NMR spectroscopy.  In
the spectra, we could observe one signal at 6 = 575.8 ppm for 6 and at & = 578.7 ppm for 6-Ni.  These
signals appeared at the slightly higher magnetic field than that of 5 (8§ = 587.4 ppm) and at the lower
magnetic field than that of B-octakis(benzylseleno)octaethylphthalocyanine (& = 356.0 ppm).6  Matrix
assisted laser desorption ionization time of flight mass spectrometry (MALDI-TOF MS) experiments

showed the molecular ion peak: m/z = 2529.3 [M™] for 6; m/z = 2585.6 [M*] for 6-Ni, which suggest the

presence of the four DSDTF units on the central Pc core.
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In the UV-vis spectrum, the Q-band absorption of 6 was observed at 759.5 nm (Figure 1a).  In contrast,
6-Ni showed the Q band absorption at 734.0 nm as a sharp signal. ~ While the Q band absorption of 6
appeared at the lower energy region about 25 nm than that of 6-Ni, it was the higher energy absorption
about 10 nm than that of Pc(TTF)4 (770 nm).  To determine the electrochemical property of S, 6, and
6-Ni, redox potentials of them were measured by cyclic voltammetry using Ag/AgNO3 as a reference
electrode (Table 1).  In the voltammogram of 6, we could observe two quasi-reversible couples for
oxidation (E12 = 0.36 and 0.78 V) and two quasi-reversible couples for reduction (E1» =—-1.34 and —1.09
V).  Although the voltammogram of 6-Ni was ambiguous compared with that of 6, we could found two
quasi-reversible couples for oxidation (Ej2 = 0.35 and 0.79 V) and one irreversible peak potential for
reduction (Ep = -1.20 V). While the oxidation potential of TTF is lower than that of the DSDTF and
the potential difference is 0.07 V,14 the first oxidation potential of 5 is similar to that of TTF derivative
(7) (difference: 0.01 V). It appears that the first oxidation potentials of 6 and 6-Ni are lower than those
of Sand 7.  To estimate the HOMO-LUMO gap of the products, we calculated the potential difference

(Eoxi—Ereq1) between the first oxidation and the first reduction potential. ~ These potential differences
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could be correlated to the HOMO-LUMO gap (AEcaicq) calculated from the A, values of the Q band

absorption.  The Q band absorption of 6 and 6-Ni could be changed by addition of an excess amount of

iodine.  The Q band absorption gradually decreased and new absorption appeared at the longer

wavelength as a shoulder peak (Figure la).  Apparently, 6 and 6-Ni would produce electron transfer

complexes in the solution on treatment with iodine.
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Figure 1. a) UV-vis spectra (CHCI3); solid line: 6; dotted line: 6-Ni; dashed line: 6 in the presence of I,; dashed
and dotted line: 6-Ni in the presence of I5; b) ESR spectrum of 6-Ni in the presence of I,.

Table 1. Redox potentials of phthalocyanines and related compounds

Compound E1pn[V] Eoxi—Erea AEaicq
2nd reduction 1st reduction 1st oxidation 2nd oxidation [V] [eV]
6 -1.34° -1.09* 0.36" 0.78" 1.45 1.63
6-Ni ~1.20° 0.35* 0.79° 1.55 1.69
Pe(TTF)4 -1.36 ~1.14 0.39° 0.76 1.53 1.61
5 0.56 0.82
7 0.55 0.96
*Quasi-reversible; ’irreversible;  4,7-diethyl-5,6-dicyano-2-(4’,5’-bis(methylthio)-1°,3’-dithiol-2’-ylidene)-

benzo[d]-1,3-dithiole (7).

Next, iodine was added to 6 and 6-Ni, respectively, and both samples were measured with |H NMR.
However, no signals for the ethyl groups at the a-positions and for the butyl groups on the DSDTF units

were observed in the spectra.  On measuring the solution of 6/iodine with ESR spectroscopy, one

strong broadened signal was found at g = 2.0139 in the spectrum.  Similarly, we could observe one
2.0147 (Figure 1b).

Pc(TTF)4/10dine was measured by the similar condition, one strong broadened signal was found at g =

strong broadened signal for 6-Ni/iodine at g = When the solution of

2.0078.  The g value of Pc(TTF),/iodine can be related to a radical cation of TTF.15  In contrast, the
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g values of 6/iodine and 6-Ni/iodine are similar to that of the copper complex of pyrazino-
diselenadithiafulvalene and smaller than that of the TSF radical cation.”  These results suggest that the
electron transfer complexes generated from 6 and 6-Ni have a radical cationic character, and the charge
generated on the DSDTF unit can delocalize on the t-aromatic system.

In conclusion, phthalocyanine (6) and its nickel complex (6-Ni), fused with the four DSDTF units, were
prepared from 5,6-dibromo-4,7-diethylbenzotriselenole (1) via five and six step reactions, respectively.

The first oxidation potentials of 6 and 6-Ni are lower than that of Pc(TTF)4.  The electron transfer

complexes, generated from 6 and 6-Ni on treatment with iodine, showed a radical cationic character, and

the charge generated on the DSDTF unit could be delocalized on the whole molecule.
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