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Abstract-The first synthesis and electrochemical characterization of 7,7’-diethyl-

4,4’-ethylenedioxybis(benzo[1,2-d][1,2,3]trithiole) (A) containing two benzotri-

thiole rings linked by an ethylenedioxy group are described.

Cyclic benzopolychalcogenides such as benzopentathiepins,1 benzotetrathiins,2 and benzotrithioles3 have

been studied by many heteroatom chemists in fields of synthetic, structural, and biological chemistry.4

We also established a synthetic methodology for obtaining benzopenthiepins5 and benzotrithioles6 by the

sulfurization-cyclization of the corresponding benzenedithiols or their synthetic equivalents.  These

successes in the synthesis of cyclic benzopolychalcogenides and related compounds have allowed us to

study the interaction between the polysulfide ring and a functional group, such as amino and sulfide

groups. We found out that the benzopentathiepin was stable toward cyclic amines such as pyridine and

pyrimidine and sulfide moiety contained in the thiophene ring.7 Now our interests focused on the

intramolecular interaction of two polysulfide rings linked with a spacer such as alkanediyl and

alkanedioxy groups. Here, we wish to report our preliminary findings on the first synthesis and

electrochemical characterization of 7,7’-diethyl-4,4’-ethylenedioxybis(benzo[1,2-d][1,2,3]trithiole) (A),

containing two benzotrithiole rings linked by an ethylenedioxy group.

A route for the synthesis of bisbenzotrithiole (A) was examined as follows (Scheme 1). Thus,

tetrabromination of bis[1,2-(4-ethylphenoxy)]ethane (1) with bromine in CCl4 and then debromination of

resulting 2 using n-BuLi afforded bis[1,2-(3-bromo-4-ethylphenoxy)]ethane (3) in high yield.  A

Grignard reagent obtained from 3 by reaction with magnesium in THF was treated with elemental sulfur

and then reduced with NaBH4 under reflux of THF to give 1,2-bis(4-ethyl-3-mercaptophenoxy)-ethane
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(4).  The dithiol (4) obtained was converted to 1,2-bis(4-ethyl-2,3-dimercaptophenoxy)ethane (5) by

ortholithiation, sulfurization, and then reduction with NaBH4. The treatment of 5 with thionyl chloride

afforded trithiole-2-oxide (6) and reduction of 6 with sodium iodide in the presence of HClO4 gave the

desired bisbenzotrithiole, 7,7’-diethyl-4,4’-ethylenedioxybis(benzo[1,2-d][1,2,3]trithiole) (A)8 in 32%

overall yield.

The structure of bisbenzotrithiole (A) was confirmed spectroscopically and finally determined by X-Ray

crystallography.9　The ORTEP drawing of compound (A) was shown in Figure 1. According to the result

of X-Ray crystallography (Table 1), most bond lengths and angles and torsion angles of each trithiole ring

were similar to the previous data for the benzotrithiole ring10. It is very interesting that the structure of A

is linear and the two benzotrithiole rings are independent of each other. We were not able to observe any

interaction between the two benzotrithiole rings in the crystal packing (Figure 1).

Next, we investigated the electrochemical property for A by cyclic voltammetry, which gave a clear

reversible redox voltammogram based on one step oxidation-reduction as shown in Figure 2.11 The E1/2

(V) value of 0.62 V obtained for A is close to the one for 1-ethyl-4-methoxybenzotrithiole12 (Table 2).

This result suggests that a radical cation species could be formed electrochemically by the oxidation of A

and could return to a neutral molecule by reduction.    Moreover, it was found that each ring of the two
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Figure 1. ORTEP drawing and crystal packing of A

C10
C7

C6
C5

C4

C8
C9

S1

S2

S3

O12
C13

C13*

O12*
C4*

C5*

C6*

C7*
C10*

C11*

S1*

S2*

S3*

C8*
C9*

C11

b

a

c
0

Bond lengths (Å)S(1)-C(9) 1.791(6)
S(3)-C(8) 1.765(6)
S(1)-S(2) 2.057(3)
S(2)-S(3) 2.062(2)

Bond angles (̊) S(3)-C(8)-C(9) 120.8(4)
S(1)-C(9)-C(8) 114.3(5)
S(2)-S(1)-C(9) 95.2(2)
S(2)-S(3)-C(8) 93.1(2)
S(1)-S(2)-S(3) 95.1(1)

Torsion angles (˚)
S(1)-S(2)-S(3)-C(8)-39.7(2)
S(3)-S(2)-S(1)-C(9)40.3(2)

Table 1. Selected distances and angles of A 



trithioles was oxidized independently. Based on the results of electrochemistry, the oxidation of

bisbenzotrithiole (A) was investigated using two equivalents of one electron oxidant. Thus, the oxidation

of A with NOPF6 in a mixed solvent of CH2Cl2/MeCN gave a dark blue powder product, bis-radical

cation (A2+•),13 which decomposed at 109.2 ˚C (Scheme 2).

A typical septet peak at -143.7 ppm (1JP-F = 707 Hz) of the 31P NMR spectrum based on the formation of a

bis-radical cation (A2+•) appeared as shown in Figure 3 and the structure was finally established by

elemental analysis. Using ESR spectroscopy, we were able to measure the bis-radical cation (A2+•) to

show a broad signal at g = 2.017 G as shown in Figure 414, but the super fine structure could not be

detected. These results suggest that both benzotrithiole rings were oxidized simultaneously by one

electron oxidant, NOPF6, to form two radical cations in the molecule.
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