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Abstract: New 
(2) 

cyclic polysulfides, 4 8-dialkylbenzo[l,2-d;4,5-d']bis[l,Z,3]- 
trithioles and 6,lO-dialky1[1,2,3jtrithiolo[5,4-h]benzop~ntathiepins (3), 
were directly synthesized by nucleophilic substitution of 1,4-dialkyl-2,3,576- 
tetrahalobenzenes (1) with elemental sulfur in liquid ammonia. 

The chemistry on various compounds including many sulfur linkages, cyclic 

polysulfides, has attracted much attention of organosulfur chemists from the 

viewpoint of synthesis of natural products. 1) We have also reported the 

synthesis and reactions of benzo entathiepins as a typical cyclic polysulfides 2) 

and revealed the versatility 
3 f of benzopentathiepin in the synthesis of 

organosulfur and heterocyclic compounds. Furthermore, very recent our paper 

described the first synthesis of 6,10-dialkoxy[1,2,3]trithiolo[5,4-hlbenzopenta- 

thiepins from the corresponding 4,8-dialkoxybenzo[l,Z-d;4 5-d']bis[l,3]dithiole- 

2,6-dithiones 4) with elemental sulfur in liquid ammonia. 53 Based on these 

results, we have successively studied the novel and convenient synthesis of some 

characteristic cyclic polysulfides. In this paper, we wish to report an unprec- 

edented direct synthesis of noticeable 4,8-dialkylbenzo[l,2-d;4,5_d']bis[1,2,3]- 

trithioles (2) and 6,10-dialky1[1,2,3]trithiolo[5,4-h]benzopentathiepins(~) from 

1,4-dialkyl-2,3,5,6_tetrahalobenzenes(l) by aromatic nucleophilic substitution 6) 

with elemental sulfur in liquid ammonia (Scheme 1). 
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2b 3b - - 

Fig. Structure of 2b and 3b - - 

Typical experimental procedure is as follows. Liquid ammonia (30 ml) was 

charged into an evacuated titanium autoclave containing 1,4-diethyl-2,3,5,6- 

tetrabromobenzene (0.5 mmol) and elemental sulfur (25 mg atom) and then the 

solution was heated at 100 'C for 15 h. The reaction mixture was added into 

CH2C12 (200 ml) through needle valve. Then the residue obtained by evaporation 

of ammonia and solvent was chromatographed on silica gel using 

(v/v, l/3) as an eluent giving 2b (37 mg, 23%) and 3b (129 mg, 67%). 

CCl4/hexane 

- - 

2b: Dark red crystals(from CH2C12); mp 143 

cm 
-1;T 

'C; IR(KBr) 2950, 1440, and 1120 

H NMR (CDC13) 6 = 1.17 (t, 6H, CH3) and 2.74 (q, 4H, 

322 (M+>. 

CH >; MS (70 eV> m/z 
2 

Found: C, 36.95; H, 2.97%. Calcd for C10H.10S6: C, 37.24; H, 3.13%. 

3b: 

1440,- 

Reddish brown crystals (from CH2C12); mp 116 'C; IR (KBr) 2950, 2850, 

and 1120 cm -l; 'H NMR (CDC13) 6 = 1.20 (t, 6H, CH3), 2.96 (dq, Jfl3.6 Hz, 

J=7.4 Hz, 2H, CH2), and 3.08 (dq, J=13.6 Hz, J=7.4 Hz, ZH, CH2); MS (70 eV) m/z 

386 (M+>. Found: C, 30.92; H, 2.63%. Calcd for C10H10S8: C, 31.06; H, 2.61%. 

It should be surprising that such cyclic polysulfides which have 

pentathiepins and/or trithiole rings on benzene ring were directly synthesized 

from aryl halides with elemental sulfur in liquid ammonia, since these reactions 

were truly unprecedented and especially benzobistrithiole 2 has never been, to 

our knowledge, synthesized hitherto. 7) The whole reaction pathway should be 

interpreted in terms of nucleophilic substitution of aryl halide with thiolate 

anion formed from elemental sulfur in liquid ammonia. 6) An addition of radical 

scavenger such as aromatic nitro compounds into the reaction system did not 

prevent the reaction but the detail of this reaction is not necessarily obvious 

at present stage. - 
at 25 

Since & was given in 78% yield upon treating 2a with S8/NH3 

'C for 5 h, it seems that there is an interconversion 

this reaction system, Based on the crystallography, 8) 
between 2 and 2 in 

the structure of 2b - 
was found to be all trans conformation for both two trithiole rings and ethyl 
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groups on benzene ring and to be nearly consistent with known benzotrithiole. 7) 

Whereas, a butterfly-like conformation was observed for the whole structure of 

3b as shown in Fig. 1. The 
1 

- H NMR study on 2b and 3b gave interesting results - - 

that the methylene proton of ethyl group in 2b showed usual - quartet pattern 

(2.74 ppm), while double quartet for 3b was observed at lower field - (2.96 and 

3.08 ppm) than that of 2b. - The free rotation of ethyl group in 3b may be - 

inhibited by steric bulkiness of two neighboring sulfur atoms. The alkyd sub- 

stituents influenced the ratio of 2 : 3 as shown in Scheme 1. -- Thus, the intro- 

duction of bulky substituent, ethyl group, increased the yield of 2b. These - 

results suggest that the bulkiness of substituent in 1,4- 
P 
osition of benzene 

ring can control the ring size of such cyclic polysulfide. 
4 
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The products, 2 and 3, were exposed under some reactions to confirm the 

chemical properties as shown in Scheme 2. The reduction of 2a with sodium - 
borohydride followed by alkylation with 1,2-dibromoethane afforded an 

interesting benzotrithiole 4a 9) in 35% yield. Whereas 3a was converted to 2a 

(68%) by the reaction withsodium borohydride. 
- - 

It should be noted that the 

alkylation 3a with 1,2_dibromoethane after reduction with sodium - borohydride 

gave new compounds, benzopentathiepin &, 10) in 20% yield together with 4a - 
(27%), since G and h were partial reduction products of cyclic polysulfide 

moiety of 2a and 3a under basic conditions. - - 9,10-Dimethyl-2,3,6,7_tetrahydro- 

1,4,5,8_tetrathiaanthracene (6a) 6) was - also obtained in high yields by exhaustive 

reductions of 2a, 3a, 4a, and 5a followed by alkylation. - 
The further applications of this process for synthesis of some 

11) 
cyclic 

polysulfides are now under investigation in our laboratory. 
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