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Abstract – A novel conjugated donor-acceptor compound (1) based on 

tetrathiafulvalene has been synthesized and fully characterized. Intramolecular 

charge transfer (ICT) in compound 1, arising from HOMO-LUMO singlet 

transitions, has been experimentally evidenced through absorption/fluorescence 

spectra and theoretical calculations. 

 

INTRODUCTION 

Among all kinds of molecular electron donor moieties, tetrathiafulvalene (TTF) and its derivatives have 

been received much attention as strong π-electron donors which are capable of forming persistent cation 

radical and dication species sequentially.1 The molecular systems of D-A (donor-acceptor) compounds 

have been widely investigated especially in the last few years because of their potential applications in 

organic conducting materials,2 molecular electronics,3 optoelectronics,4 photovoltaics,5 and nonlinear 

optics.6 Undoubtedly, the important feature in such compounds is the property of intramolecular charge 

transfer (ICT), which clearly depends on the nature of the linkage between the redox active units. In 

practice, D and A components are usually linked by saturated flexible or rigid σ spacers (D-σ-A).7 

Thereby, the structural D and A moieties on which the HOMO and LUMO are localized and kept apart 

from each other, respectively. This hinders their strong coupling in the electronic ground and excitated 

states. However, only a few compounds described so far have a direct link between the TTF unit and the 

acceptor, such as TTF-dipyridophenazine,8 TTF-phenanthroline,9 TTF-TCNQ type bithienoquinoxaline,10 
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TTF-perylenediimide,11 thus leading to a more efficient intramolecular charge transfer and planar 

structures.  

Pyrene skeleton has been attracted much interest for its electron-accepting and unique luminescence 

properties.12 As a continuous work,8,13 this paper presents the synthesis of a conjugated D-A compound 1 

(Scheme 1), containing tetrathiafulvalene and pyrene unit, together with experimental and theoretical 

evidences for intramolecular charge transfer. 

 

RESULTS AND DISCUSSIONS  

The synthetic8,14 pathway of compound 1 is outlined in Scheme 1. In order to assure solubility, the TTF 

with dithiodecyl chains is employed. Compound 1 can be synthesized via direct condensation of 

pyrene-4,5-dione with 5,6-diamino-2-[4,5-bis(decylthio)-1,3-dithio-2-ylidene]-benzo[d]-1,3-dithiole (3) 

in AcOH. 1H NMR spectroscopy, MS spectrometry and elemental analysis confirmed the structure of the 

D-A conjugated system. 
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Scheme 1. Synthetic route of compound 1. (I) 4,5-bis-(decylthio)-1,3-dithiole-2-one (2 equiv), 
triethylphosphite/toluene, 120 °C, 35%; (II) pyrene-4,5-dione (1 equiv), AcOH, refluxed, 90%. 
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Figure 1. Cyclic voltammograms of 1 and R1 in CH2Cl2 (1.2×10-5 M, scanning rate 100 mV/s) with 
platinum wires as working and counter electrodes, respectively, Ag/AgCl as reference electrode, and  
n-Bu4NPF6 (0.1M) as supporting electrolyte. 

 
The electrochemical properties of compound 1 are investigated by cyclic voltammetry together with 

reference compound R1 for comparison (Figure 1). By comparing with compound R1, the first oxidation 
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potential of compound 1 is shifted from 0.48 to 0.65 V, and the second oxidation potential is shifted from 

0.80 to 1.0 V. However, the oxidation waves of pyrene-4',5',2,3-quinoxaline and the reduction waves are 

absent maybe due to the measuring limitation in our experimental condition. These results can be 

rationalized in terms of electronic interaction between donor and acceptor moieties within the conjugated 

D-A system. Since TTF functional group of the molecule is involved in a delocalization path with 

pyrene-4',5',2,3-quinoxaline group, strong intramolecular electron interaction made the electron donating 

and electron accepting ability of molecule 1 decrease dramatically. 

Figure 2(a) (green line) shows the UV-Vis absorption spectra of compound 1. By comparison with the 

spectra of compound 3 and pyrene-4',5',2,3-quinoxaline, new electronic transitions (450-650nm, centered 

at 519 nm) can only be observed in 1, which can be attributed to ICT transitions from donor to acceptor. 

The broad absorption band in this compound suggests a good electronic delocalization throughout the 

whole D-A system.15 By oxidation (Figure 2(b)), the generated radical cation 1•+ and dication 12+ were 

characterized by the disappearance of the broad ICT band at 519 nm and the emergence of new bands 

centered at 454, 564 and 915 nm. The low-energy absorption at 915 nm is now assigned to an intrinsic 

absorption of the TTF radical cation (TTF•+), which is red-shifted compared with those of other TTF 

derivatives.16  
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Figure 2. (a) Absorption spectra of compound 1 (1.7×10-5 M in CH2Cl2), 3 (5.7×10-5 M in CH2Cl2) and 
pyrene-4',5',2,3-quinoxaline (3.6×10-5 M in CH2Cl2). (b) Absorption spectra of compound 1 (1.7×10-5 M) 
in CH2Cl2 with the increasing amounts of Fe3+ [Fe(ClO4)3·6H2O , 1.3×10-3 M, in MeOH].  
 

As comparing with pyrene-4',5',2,3-quinoxaline, compound 1 shows much weaker fluorescence (Figure 

3). The fluorescence of compound 1 is quenched maybe due to the photo-induced electron transfer 

between TTF and pyrene-4',5',2,3-quinoxaline unit.17 After addition of Fe3+, then the TTF unit in 

compound 1 is oxidized to its corresponding cation and further lead to the photo-induced electron transfer 
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between TTF and pyrene-4',5',2,3-quinoxaline unit is arrested, then the fluorescence of compound 1 starts 

to increase. The result suggesting that compound 1 is one of good candidates for redox-driven 

fluorescence molecular switch and maybe has some potential applications in future molecular devices.18 
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Figure 3. (a) Fluorescence spectra of 1 (1.7×10-5 M) in CH2Cl2 with the increasing amounts of Fe3+ 
[Fe(ClO4)3·6H2O, 1.3×10-3 M, in MeOH]. (b) Fluorescence spectra of pyrene-4',5',2,3-quinoxaline 
(3.6×10-5 M in CH2Cl2). 

 
To get further insights into the molecular structure and electronic distribution of the D-A system, density 

functional theory (DFT) calculations are performed in gas phase on a B3LYP/6-31 G (d, p) level with 

Gaussian 09.19 The peripherally longer alkyl groups are removed for simplification as they are not 

expected to have significantly affects on the conformation and energy levels. The simplified molecule is 

labeled as model 1. 

 

Top view                            side view 

Figure 4. Optimized geometry structure of model 1 

 

 HOMO                        LUMO 

Figure 5. Frontier molecular orbitals of model 1 
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The optimized structure afforded by the calculations is displayed in Figure 4, which shows that the whole 

molecule is nearly in an identical plane with a dihedral angle between pyrene-4',5',2,3-quinoxaline and 

TTF ring as approximate 14°. The frontier molecular orbitals are given in Figure 5. For the HOMO of 

model 1, the orbital is mainly located over the TTF moiety with small contribution of 

pyrene-4',5',2,3-quinoxaline group; while for the LUMO, the orbital is mainly located on 

pyrene-4',5',2,3-quinoxaline group, both in good agreement with their expected electron-donor and 

electron-acceptor properties. This is a prerequisite to ICT transition and the positive shift of the oxidation 

potentials of the donor subunit.20 

In summary, a novel D-A compound (1) based on tetrathiafulvalene has been synthesized and 

characterized. Cyclic voltammetry experiment demonstrates that the oxidation potentials of compound 1 

are higher than those of R1, which suggests a good electronic communication between the donor and 

acceptor. Intramolecular charge transfer (ICT) in compound 1, arising from HOMO-LUMO singlet 

transitions, has been experimentally evidenced through UV-Vis spectra and theoretical calculations. The 

fluorescence properties of compound 1 suggest that this system has attractive potential application as 

molecular switch.  

 

EXPERIMENTAL 

1.General 

Unless otherwise indicated, all reagents were purchased from commercial sources and used without 

additional purification. All reactions were performed under N2. Toluene and triethylphosphite were dried 

and distilled over Na. Compound 2,8 pyrene-4,5-dione14 were prepared as previously described. 1H NMR 

spectra were obtained on a Bruker AC 300 spectrometer operating at 300 MHz; Chemical shifts δ were 

calibrated against TMS as an internal standard. Mass spectrum was recorded on a FTMS 4.7T BioAPEX 

II for MALDI ionisation method. Elemental analyses were performed on an EA1110 Elemental Analyzer 

CHN Carlo Erba Instruments. FT-IR data were collected on a Perkin Elmer One FT-IR spectrometer. 

Absorption spectra were measured using a Hitachi (model U-3010) UV-Vis spectrophotometer. 

Fluorescence measurements were carried out using a Hitachi (model F-4500) spectrophotometer in a 1cm 

quartz cell. Cyclic voltammetry measurements were carried out on a CHI660 system with platinum as the 

working and counter electrodes, Ag/AgCl as the reference electrode and n-Bu4NPF6 as the supporting 

electrolyte. 

 

2. Synthesis of 4’,5’-bis(decylthio)tetrathiafulvenyl-3,4-(pyrene-4',5',2,3-quinoxaline) 1: 
A solution of compound 3 (100 mg, 0.16 mmol) and pyrene-4,5-dione (36.9 mg, 0.23 mmol) in AcOH 

(20 mL) was refluxed for 3 h under N2. After filtration, the precipitate was collected and purified by 
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chromatography (CH2Cl2) to give compound 1 as a mauve solid (123 mg, 90%). 1H NMR (300MHz, 

CDCl3) δ: 0.86 (T, J = 6.6, 6H, 2×CH3), 1.26 (M, 24H, 12×CH2), 1.43 (M, 4H, 2×CH2), 1.60 (M, 4H, 

2×CH2), 2.86 (T, J = 7.4, 4H, 2×SCH2), 8.00 (S, 2H, aromatic), 8.25 (M, 2H, aromatic), 8.05 (M, 4H, 

aromatic), 9.42 (T, 2H, aromatic). Selected IR data (cm-1, KBr pellet): 2916, 2849, 1624, 1441, 1424, 

1352, 1205, 1168, 1103, 858, 831, 718; MS (MALDI-TOF) calcd for C46H52N2S6: 824.25, found 824.25 

[M]+; Anal. Calcd for C46H52N2S6: C, 66.94; H, 6.35; N, 3.39. Found: C, 67.29; H, 6.50; N, 3.26. 

 

3. Synthesis of 5,6-diamino-2-(4,5-bis(decylthio)-1,3-dithio-2-ylidene)benzo[d]-1,3-dithiole 3: 

Triethylphosphite (15 mL) was added to a solution of 4,5-bis(decylthio)-1,3-dithiole-2-one (214 mg, 1.0 

mmol) and 5,6-diaminobenzene-1,3-dithiole-2-thione (2) (926 mg, 2.0 mmol) in toluene (15 mL) under 

N2. The mixture was heated to 120 ºC and stirred for 3 h. After the reaction, the excess solvent was 

removed under vacuum to afford an oily red residue, which was subjected to chromatography (silica gel, 

CH2Cl2/EtOAc (1/8, v/v)). The crude product was further purified by recrystallization from EtOAc to 

give compound 3 as a yellow solid (220 mg, 35%). mp 100-102 ºC; 1H NMR (DMSO-d6):  = 0.78-0.83 

(t, 6H), 1.19-1.35 (m, 28H), 1.47-1.54 (m, 4H), 2.78-2.83 (t, 4H), 4.68 (s, 4H), 6.52 (s, 2H); Selected IR 

data (cm-1, KBr pellet): 3378, 2955, 2919, 2850, 1483, 1291, 859; EI-MS m/z (relative intensity): calcd 

for C30H48N2S6: 628, found 628 [M+]; Anal. Calcd for C30H48N2S6: C, 57.28; H, 7.69; N, 4.45. Found: C, 

57.45; H, 7.77; N, 4.36. 
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