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Abstract – 4,4’,7,7’-Tetrabutyl-5,5’,6,6’-tetracyano-2,2’-bis(benzo-1,3-dithiol- 

2-ylidene) (3-Bu) was prepared and mixed with 4,5-bis(2,6-dimethylphenoxy)- 

phthalonitrile (4), which was treated with lithium alkoxide at 120 °C to produce 

diphthalocyanine linked with a TTF unit.   The structure of the product was 

determined by NMR and MALDI-TOF-MS.  	The optical and electrochemical 

properties were examined by UV-vis spectra and cyclic voltammetry.

Functionalized phthalocyanines and related compounds have been prepared and their optical and 

electrochemical properties explored, to develop actual and potential applications of them to catalysts, 

photovoltaic cells, organic semiconductors, and sensitizers for photodynamic therapy of cancer.1   The 

prominent Q-band absorption of phthalocyanines, which lies at the near infrared region, is important for 

the application of these dyes to new photoactive materials.   Furthermore, phthalocyanine’s Q-band 

absorption can be tuned by attaching electron donating or withdrawing substituents at α or β-positions, 

expanding a π-conjugation system, and introducing a central metal atom with several ligands.2   

Tetrathiafulvalene (TTF) is an excellent electron donor and can be utilized as a functional substance in 

supra-molecular systems.3   In a field of functionalized dye’s chemistry, there are many reports of 

porphyrin,4 tetraazaporphyrin,5 phthalocyanine,6 and calixpyrrole7 derivatives linked with one or more 

TTF units.   For example, Becher reported porphyrin and calixphyrin derivatives bearing one through 

four TTF units,4,7 while Decurtins and we prepared phthalocyanines fused with four TTF scaffolds.6   

Recently, several metallated diporphyrin derivatives, linked with a dibenzotetrathiafulvalene unit, were 

prepared by the condensation reaction of four amino groups, substituted on dibenzotetrathiafulvalene, 

with two molecules of 2,3-dioxotetraphenylchlorin.8   To prepare diphthalocyanine linked with a 

tetrathiafulvalene unit, we prepared tetracyanodibenzotetrathiafulvalene and cyclized it with 
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diaryloxyphthalonitrile in the presence of lithium alkoxide at 120 °C.   This paper reports the 

preparation, structural determination, and optical and electrochemical properties of β-dodecakis- 

(2,6-dimethylphenoxy)diphthalocyanine (5) connected with the tetrathiafulvalene unit as a linker. 

 

 
Scheme 1. Preparation of diphthalocyanine 5 

 

As a starting compound, 4,5-(xylylenedithio)-3,6-dibutylphthalonitrile (1) was prepared from 

1,4-dibutyltetrabromobenzene via four step reactions by the procedure reported previously.9   

Compound 1 was treated with aluminum chloride in toluene at room temperature for 2 h and then with 

carbonyldiimidazole at 100 °C for 1 h, which gave 4,5-dicyano-3,6-dibutylbenzo-1,3-dithiol-2-one (2) in 

58% yield (Scheme 1).   Then, 4,4’,7,7’-tetrabutyl-5,5’,6,6’-tetracyano-2,2’-bis(benzo-1,3-dithiol-2- 

ylidene) (3-Bu) was prepared by the condensation reaction of 2 in triethylphosphite at 120 °C for 3 h 

(65%).6d,e   While the corresponding ethyl and octyl derivatives 3-Et and 3-Oc were obtained by the 

method reported previously,9b 3-Et was insoluble in chloroform. 

Prevention of aggregation of π-expanded phthalocyanines is a significant subject to analyze their optical 

and electrochemical characteristics.   As reported by Whöle and other researchers, 4,5-bis(2,6-dimethyl- 

phenoxy)phthalonitrile (4) and its analogous compounds could be useful building blocks to construct 

unsymmetric phthalocyanines.10,11   Therefore, we prepared phthalonitrile (4) and mixed with 3-Bu in a 

6 : 1 ratio; the mixture was then treated with lithium alkoxide in 1-hexanol at 120 °C for 3 h (Scheme 1).   

The blue-green solid, precipitated in the solution, was filtered and purified by silica gel column 

chromatography and Biobeads column chromatography.   The reaction gave diphthalocyanine (5) linked 

with the TTF unit in 2% yield together with β-octakis(2,6-dimethylphenoxy)phthalocyanine (6).   

Although the reaction mixture seemed to contain other structural isomers containing two or more TTF 

units, we could not isolate such products by repeated column chromatography using silica gel and 
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Biobeads.   Related compounds 3-Et and 3-Oc were similarly reacted with 4 in the presence of lithium 

alkoxide in 1-hexanol at 120 °C, respectively; however, we could not isolate desired diphthalocyanine 

derivatives from either of the reactions, although the octyl derivative was observed in the NMR spectrum 

of the reaction mixture. 

 

 

Figure 1. UV-vis spectra (measured in CHCl3) of a) 5 and related compounds 6 and 7; b) 5, 5 + F4-TCNQ, 
and 5 + NOPF6; cyclic voltammograms of c) 7, d) 6, and e) 5 
 

The 1H NMR spectrum of 5 showed two broadened triplet signals for CH3 and CH2 groups at δ = 0.96 

and 3.90 ppm, respectively, together with broadened quintet and multiplet signals for CH2 groups 

(Supporting Information).   A singlet peak for central NH groups (δ = –0.66 ppm) and three singlet 

peaks for aromatic protons at α-positions of phthalocyanine (δ = 8.17, 8.22, and 8.29 ppm) were observed 

together with the methyl and aromatic signals for 2,6-dimethylphenoxy groups.   Since the four inner 

NH protons are observed as the sharp singlet peak, 5 exists as the tautomer.   In the MALDI-TOF-MS 

measurement, compound 5 showed a molecular ion peak at 2841.42 [M+].   Compound 5 is a little 

unstable and gradually decomposed under ambient condition.   To compare the optical and 

electrochemical properties, phthalocyanine (7) was prepared by the reaction of 1 and 4 in the presence of 
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lithium alkoxide in 1-hexanol at 120 °C.   In addition, although we attempted to prepare phthalocyanine 

(8) linked with a bis(methylthio)TTF unit and six 2,6-dimethylphenoxy groups, the product was more 

unstable than 5 and decomposed under air. 

The UV-vis spectrum of 5 shows split Q-band absorption at λmax = 683 and 716 nm, which are longer 

wavelength than those of 6 (λmax = 668 and 704 nm) while slightly shorter than those of 7 (λmax = 685 and 

721 nm) (Figure 1a).   β-Dodecakis(2,6-dimethylphenoxy)diphthlocyanine linked with a benzene ring, 

reported by Whöle, showed large red-shift of the Q band absorption (λmax = 853 nm) compared with that 

of 6.10   The λmax value of compound 5 is much shorter than that of Whöle’s diphthalocyanine and the 

lowest excitation energy of 5 is similar to that of 6 and 7, suggesting that the π-conjugated system of 5 

has weak interaction between two phthalocyanine parts. 

 

 
 

Table 1. Oxidation and reduction potentials of phthalocyanines (V vs. Ag/AgNO3) 

Compound 3rd redn 2nd redn 1st redn 1st oxid 2nd oxid ΔE (V) Q (nm) 

5 –1.66a –1.23a –1.12b 0.57a 1.21a 1.69 716 

6   –1.40 –1.06 0.58 1.00a 1.64 704 

7  –1.50 –1.09 0.63 1.30b 1.72 721 

9 –1.47a –1.27a –0.78a 0.41a 0.72a 1.19 705 

3-Oc   –1.36a 0.81 1.10 2.17  
aQuasi-reversible, birreversible, ΔE = (1st oxid) – (1st redn); Since compound 8 is unstable, compound 9 
was shown to compare the redox potentials instead of 8.9c 
 

The electrochemical properties were determined by cyclic voltammetry with Ag/AgNO3 as a reference 

electrode.   As shown in Figure 1 and Table 1, compound 5 exhibited two quasi-reversible couples  

(E1/2 = 0.57 and 1.21 V) during oxidation and two quasi-reversible couples and one irreversible peak (E1/2 
= –1.66 and –1.23, Ep = –1.12 V) during reduction.   While the first oxidation potential of 5 is slightly 

lower than that of 6 and 7 but higher than that of 9, the first reduction potential of 5 is lower than that of 6, 

7, and 9.9c   In the thin-layer cyclic voltammetry experiments of diporphyrin derivatives linked with the 
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dibenzotetrathiafulvalene unit,8 three oxidation couples were observed in the voltammogram, which 

consist of the first two-electron oxidation of the two porphyrin parts, the second one-electron oxidation of 

the TTF unit, and the third two-electron oxidation of the two porphyrin radical cations.   Therefore, the 

first and the second oxidation couples of 5 could contain the two-electron oxidation of the phthalocyanine 

parts, respectively, and the one-electron oxidation peak may exist between the first and the second 

oxidation couple. 

In a previous paper, when β-hexa(octylthio)phthalocyanine fused with one TTF unit [1st oxidation 

potential, E1/2 = 0.38 V (quasi-reversible)] was treated with tetrafluorotetracyanoquinodimethane 

(F4-TCNQ) as an electron acceptor, we observed new absorption at 865 nm in the UV-vis spectrum and 

the solution showed a broadened ESR signal (g = 2.0056).12   Based on these results, the UV-vis 

spectrum of 5 was measured in the presence of excess amounts of F4-TCNQ, which showed that the 

intensity of the Q band absorption decreased and weak absorption appeared at λmax = 865 nm in the 

spectrum (Figure 1b).   Compound 5 and F4-TCNQ would produce a trace amount of an electron 

transfer complex in the solution.   The solution of this complex was then measured by ESR at room 

temperature; however, no signal was found in the spectrum.   By the similar treatment with F4-TCNQ, 

6 and 7 showed weak absorption at λmax = 865 nm (Supporting Information).   Next, we treated 

compound 5 with nitrosonium hexafluorophosphate (NOPF6).   By this treatment, the green colored 

solution changed to light brown and the Q band absorption showed a red-shift (λmax = 702 and 754 nm) 

and new broadened absorption appeared at λmax = 908 nm.   The Q band absorption of 6 and 7 shifted to 

the longer wavelength by the similar treatment.   While the results could show that radical cationic or 

dicationic species are generated in the solution, the species are unstable and decomposed in a few 

minutes. 

In conclusion, tetracyanodibenzotetrathiafulvalene (3-Bu) was prepared from 1 by two step reactions and 

mixed with 4 in a 1 : 6 ratio.   The mixture was treated with lithium alkoxide in 1-hexanol at 120 °C to 

produce diphthalocyanine 5 linked with the TTF unit.   The NMR and MALDI-TOF-MS data supported 

the structure of the product and the optical and electrochemical properties were measured by UV-vis 

spectroscopy and cyclic voltammetry.   In the UV-vis spectrum, the λmax value of compound 5 is 

extremely shorter wavelength than that of Whöle’s diphthalocyanine.10   It appeared that compound 5 

produced radical cationic or a dicationic species by treatment with NOPF6, which showed new broadened 

absorption at λmax = 908 nm. 

 

EXPERIMENTAL 

General 

NMR spectra were measured by a Bruker AVANCE-500 spectrometer.   Mass spectra were obtained 
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using a JEOL JMS-700 mass spectrometer.   UV-vis spectra were recorded with a JASCO Ubest V-570 

spectrometer.   IR spectrum was obtained employing a JASCO FT/IR-4200 spectrometer.   A Hokuto 

Denko Co. Model HAB-151 apparatus was applied to measurements of redox potentials.   Biobeads 

(SX-1) for column chromatography was purchased from Nippon Bio-Rad Laboratories.   All 

measurements for redox potentials were performed by cyclic voltammetry, using Ag/AgNO3 (0.01 

mol/L) as a reference electrode, glassy carbon as a working electrode, and Pt wire as a counter electrode 

(scan rate: 200 mV/s).   A solution of n-Bu4NClO4 in CH2Cl2 (0.1 mol/L) was used as an electrolyte.   

The oxidation potential of ferrocene was observed at E1/2 = 0.09 V by the apparatus without any 

correction. 

Preparation of 4,4’,7,7’-tetrabutyl-5,5’,6,6’-tetracyano-2,2’-bis(benzo-1,3-dithiol-2-ylidene) (3-Bu). 

Compound 2 (445.0 mg, 1.36 mmol) was dissolved in triethylphosphite (6 mL) and stirred at 120 °C for 3 

h.   The reaction mixture was cooled to rt and CHCl3 was added.   The solution was separated by 

column chromatography (CHCl3) to produce oily yellow product.   MeOH was added to the oily 

product, and the solid precipitated was filtered and washed with MeOH.   Finally, compound (3-Bu) 

was obtained in 70% yield (301.6 mg); 3-Bu: yellow powder; mp > 300 °C (decomposed); 1H NMR (500 

MHz, CDCl3) δ 1.00 (t, J = 7.4 Hz, 12H, CH3), 1.43-1.52 (m, 8H, CH2), 1.61-1.70 (m, 8H, CH2), 2.82 (t, 

J = 8.0 Hz, 8H, CH2Ar); 13C NMR (126 MHz, CDCl3) δ 13.7, 22.6, 30.5, 35.4, 110.3, 114.1, 114.5, 138.7, 

143.0; IR (KBr) ν 2227 cm–1 (CN).6e 

Preparation of phthalocyanine 5. 

Lithium (41.8 mg, 6.0 mmol) was placed in a glass reactor and 1-hexanol (2.5 mL) was added under Ar.   

The solution was stirred at 120 °C until lithium was dissolved and then added to a mixture of 3-Bu (107 

mg, 0.17 mmol) and 4 (628 mg, 1.7 mmol), which was then stirred at 120 °C for 3 h.  After cooling the 

reaction mixture, MeOH was added, and a green precipitate was filtered out.   The residue was purified 

by column chromatography (Wakogel C-300HG, CHCl3/hexane and then CHCl3) and then (Biobeads, 

CHCl3) to produce 5 in 2% yield (8.8 mg); green powder; 1H NMR (500 MHz, CDCl3) δ = –0.66 (s, 4H, 

NH), 0.96 (t, J = 7.4 Hz, 12H, CH3), 1.38-1.47 (m, 8H, CH2), 2.03 (quint, J = 7.6 Hz, 8H, CH2), 2.39-2.51 

(m, 72H, CH3), 3.90 (t, J = 7.6 Hz, 8H, CH2), 7.29-7.42 (m, 48H, ArH), 8.17 (s, 4H, ArH), 8.22 (s, 4H, 

ArH), 8.29 (s, 4H, ArH); UV-vis (CHCl3) λmax (ε) = 348 nm (111000), 683 nm (182000), 716 nm 

(206000); MALDI-TOF-MS (m/z) 2841.42 [M+] (reflectron mode); Calcd for C178H160N16O12S4 m/z = 

2841.13. 

Preparation of phthalocyanine 7. 

Lithium (73 mg, 10.1 mmol) was placed in a glass reactor and 1-hexanol (3 mL) was added under Ar.   

The solution was stirred at 120 °C until lithium was dissolved and then added to a mixture of 
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4,5-(xylylenedithio)-3,6-diethylphthalonitrile (3-Bu) (175 mg, 0.5 mmol) and 4 (580 mg, 1.5 mmol).   

The reaction mixture was then stirred at 120 °C for 2 h.   After cooling the reaction mixture, MeOH was 

added, and a green precipitate was filtered out.   The residue was purified by column chromatography 

(Wakogel C-300HG, CHCl3/hexane and then CHCl3) to produce 5 in 7.7% yield; green powder; 1H 

NMR (500 MHz, CDCl3) δ = –0.76 (s, 2H, NH), 1.52 (t, J = 7.0 Hz, 6H, CH3), 2.37-2.55 (m, 36H, CH3), 

4.37 (brq, J = 7.0 Hz, 4H, CH2), 4.67 (s, 4H, CH2), 6.66-6.71 (m, 2H, ArH), 6.98-7.04 (m, 2H, ArH), 

7.29-7.45 (m, 18H, ArH), 8.17 (s, 2H, ArH), 8.18 (s, 2H, ArH), 8.27 (s, 2H, ArH); Fast atom 

bombardment mass spectrometry (FABMS) (m/z) 1457.6 [M+]. 
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