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Abstract --- Benzopentathiepin (BPT) reacted with many aromatic 
compounds such as benzene, l,4-dimethylbenzene, and naphthalene 

in the presence of Lewis acid to give various thianthrenes in 

moderate yields. BPT was found to serve as a 1,4-dication 

synthon. 

Recently, much attention has been paid an the chemistry of cyclic polysulfides 

such as lenthionine and sporidesmin in the viewpoint of biological activity. 1 

Especially, current interests have been centered on synthesis and reaction of 

BPT, which was shown to have acaricidal and fungicidal effects. we also re- 

ported a new synthesis of BPT and related cyclic palysulfides3 and revealed a 

synthetic utility of BPT as a sulfurization reagent for synthesis of arenethio- 

sulfonates from corresponding sulfinates.' Based on the reactivity of BPT, we 

have studied a new synthetic route to heterocycles containing sulfur functional 

group from BPT. Now we wish to report a novel synthesis of symmetric and 

various unsymmetric thianthrenes by treating many aromatic compounds with BPT 

in the presence of Lewis acid such as aluminium chloride. In these reactions, 

BPT was found to react as a l,4-dication synthon as shown in Scheme 1. 

Aromatic compound 

A1C13 
R 

BPT 1-7 - - 
Scheme 1. 

The synthesis of 1,4-dimethylthianthrene ( 2 )  was typically carried out as fol- 



lows. To a solution of BPT (118 mg, 0.5 mmol) in p-xylene (5 ml) was added 

aluminium chloride (67 mg, 0.5 mmol) and the mixture was stirred at 80 'C for 

3 h under nitrogen atmosphere. The reaction was quenched by addition of 5% aq. 

Hc1 (7 ml) and ice water (20 ml). The mixture was extracted with benzene (20 

ml x 3) and the extracts were washed with 5% aq. NaHC03 (30 ml). Chromatog- 

raphy of the residue on aluminium oxide (Woelm, basic) using a mixture of hex- 

ane and benzene (v/v, 10/1) gave 1,4-dimethylthianthrene (;, 92 mg, 75%). ;: 

Colorless crystals; mp 105 'C (from E~oH); 'H nmr ( C D C ~ ~ )  6 2.45 (s, 6H, CH3 x 

2), 7.00 (s, ZH, arom), and 7.13-7.57 (m, 4H, arom); ir (KBr) 2970, 1585, 1450, 

1360, 1250, 1115, 1000, 815, and 750 cm-l; ms (70 eV) m/z 244 (M'). Anal. 

Calcd for Cl4HlZS2: C, 68.81; H, 4.95. Found: C, 68.91; H, 4.99. 

As shown in Table 1, benzene and l,4-dialkylbenzenes readily reacted with BPT 

in the presence of A1C13 to give the corresponding thianthrenes (2-2) in rea- 

sonable yields (Table l). 1,2,3,4-Tetramethylbenzene also reacted with BPT in 

CH2C12 to afford exclusively 1,2,3,4-tetramethylthianthrene (4) (Run 4 ) .  In- 

terestingly, benza[a]thianthrene ( 5 )  without formation of any isomers was ob- 

tained in high yield (93%) upon treating naphthalene (39 mmol) with BPT at 100 

'C in the presence of A1C13. 5: Colorless crystals, mp 89.5 'C (from EtOH); 

'H nmr (CDC13) 6 7.16-7.90 (m, 9H, arom) and 8.36-8.53 (m, lH, arom); ir (KBr) 

3050, 1450, and 740 cm-l; ms (20 eV) m/z 266 (M'). Anal. Calcd for C16H10S2: 

C, 72.14; H, 3.78. Found: C, 72.39; H, 3.71. 

Although the reaction of p-xylrne (1 mmol) with excess BPT (2 mmol) afforded 

only unsymmetrical thianthrene 2 (Run 2), further treatment of isolated 2 (0.47 
mmol) with BPT (0.5 mmol) gave a new interesting thianthrene, [1,4]benzodi- 

6: Colorless thiina[2,3-b][l,4]dimethylthianthrene 6 (36 mg, 20%) (Run 7). - 
crystals; mp 291 'C (dec) from EtOH-CHC13; 'H nmr (CDC13) 6 2.75 (s, 6H, CH3 x 

2) and 7.17-7.3-5 and 7.42-7.60 (AA'BB' m, 8H, arom); ir (KBr) 2920, 1450, 1435, 

1390, and 740 cm-l; ms (70 eV) m/z 382 (M'). Anal. Calcd for C20H14S2: 

C, 62.79; H, 3.69. Found: C, 62.75; H, 3.98. 

Dibenzothiophene also reacted with BPT to yield two isomers 2 and 7b as shown 
1 

in Run 8. The structures of l a  and !b were determined by comparison of H nmr 

spectra with those of dihenzothiophene in the literat~re.~ la_: 'H nmr (CDc13) 

6 7.21-7.30 (m, 2H), 7.39-7.47 (m, ZH), 7.47-7.54 (m, IH), 7.51 (d, J 8.1 Hz, 

IH), 7.54-7.61 (m, IH), 7.81-7.87 (m, lH), 7.94 (d, J 8.1 Hz, lH), and 8.01- 

8.07 (m, 1H). 7b: -- 'H nmr (CDC13) 6 7.22-7.34 (m, ZH), 7.44-7.59 (m, 3H), 
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Table 1. Synthesis of Various Thianthrenes by Reactions of Aromatic Compounds 

with BPT in the presence of A1C13 

RUS) Substrate 3 Conditions Product yieldc)mp -- 
mmol mmol Tern~/% Time/h % OC 

a) BPT: 0.5 mnol. b) CH2C12 ( 5  ml) was used as a solvent. c) Isolated yield 

based on BPT. d )  Isolated yield based on 1,4-dimethylthianthrene. 



7.58 (d, J 8.2 Hz, IH), 7.64-7.73(m, IH), 7.72 (d, J 8.2 Hz, IH), 7.81-7.90 (m, 

In), 9.33-9.42 (m, 1H). 

It is noteworthy that unsymmetrical thianthrenes 2-l were successfully synthe- 
sized in satisfactory yields by the present method, since there have been only 

a few reports on the synthesis of such unsymmetrical thianthrer~es.~'~ In addi- 

tion, to our knowledge, the present reaction is the first example of synthetic 

method for unsymmetrical thianthrenes under acidic conditions. As mentioned 

above, BPT was found to serve as a 1,4-dication synthon in reactions with ac- 

tive aromatic compounds. Further investigation on appilications of BPT to 

synthesis of heterocycles are now in progress in our laboratory. 
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