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1,3,4,6-Tetrakis(isopropylthio)-2h462-thieno[3,4-c]thiophene 1 formed the complex 2 with I, in hex- 
ane at -30°C. The ESR spectrum of the complex 2 in MeCN solution showed that the spin 
densities in the 71-electron system are large in the 1 -, 3-, 4- and 6-positions. The complex 2 reacted 
with amines in MeCN to give the C-C coupling products 4a-c in high yields. The oxidation of 1 
with I, in the presence of aniline in benzene gave the thiophene derivative 5 in a high yield by 
hydrogen abstraction at the 3-position. The compound 1 was oxidised to its dication by NOBF,. 
The dication reacted with amines, alcohols and water to give the ring-opening products 10-14 and 
with thiols and NaBH, to give the adducts 23-25. 

2h462-Thieno[3,4-c]thiophenes are novel heterocyclic com- 
pounds which have a nonclassical structure with lh-electrons. 
The elucidation of these physical and chemical properties is an 
interesting subject. However, the information about the re- 
activity of this system has been insufficient, since the isolable 
derivatives have been limited to the 1 ,3,4,6-tetraphenyI4- and 
1 ,3,4,6-tetrathienyI6-substituted compounds owing to the lab- 
ility in the air. Recently we have developed a synthetic method 
for preparing 1,3,4,6-tetrakis(alkylthi0)-2h~6~-thien0[3,4-c]- 
thiophenes' in a stable form, and reported the reactions with 
electrophiles such as trifluoroacetic acid and Vilsmeier reagent.8 
Furthermore, we have disclosed that 1,3,4,6-tetrakis(isopropyl- 
t hi0)-2h~6~-t hieno[3,4-c] thiophene 1 undergoes one- and two- 
electron oxidation electrochemically in acetonitrile (MeCN) 
( E i  = +0.19 V and 15; = +0.54 V us. saturated calomel 
electrode) and is more electron-donating than tetrathiafulv- 
alene.' On the other hand, it has been reported that 1,3,4,6- 
tetraphenyl-2h462-thieno[3,4-c]thiophene is oxidised to 2,5- 
diphenyl-3,4-dibenzoylthiophene by chromic acid or by irradi- 
ation in the presence of oxygen4 and to its cation radical by 
AICI,. l o  

To elucidate the physical and chemical properties of an oxid- 
ised form of 2h462-thieno[3,4-c]thiophenes, we investigated the 
oxidation of compound 1 by I, and nitrosonium tetrafluoro- 
borate (NOBF,). In this paper, we report that these reactions 
lead to formation of a radical cation by I, and a dication by 
NOBF, and these species react with nucleophiles at the 1-, 3-, 4- 
or 6-position to lead to the formation of various thiophene 
derivatives in high yields. The dication of 1 is of interest as the 
first example of a sulphur analogue of pentalene with 8.n- 
electrons. A part of this study has been reported in our 
preliminary paper.' ' 

Results and Discussion 
Radical Cation of 1,3,4,6- Tetrakis(isopropyIthio)-2h46 - thi- 

eno[3,4-~]thiophene.-The reaction of the 2h462-thieno[3,4-c]- 
thiophene 1 with I,  (2 equiv.) under nitrogen in hexane at 
- 30 "C gave the complex 2 (1 : I, = 1 : 2) as a black green solid 
in 97% yield (Scheme 1). The complex 2 was reduced by 
N,N,N',N'-tetramethyl-p-phenylenediamine (TM PD) to regen- 
erate 1 in 75% yield, accompanied by the formation of TMPD" 
which was detected by UV-VIS spectroscopy. The ESR spec- 
trum of this complex in MeCN solution at room temperature 
showed a signal which consisted of five lines due to four 
equivalent methine protons of the isopropylthio groups, as 
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Scheme 1 Reagent and conditions: i, I,, hexane, - 30 "C 

0.1 mT 

g = 2.0049 

Fig. 1 ESR spectrum of the complex 2 in MeCN solution (room temp.) 
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shown in Fig. 1 .  This spectrum was also observed when 1 was 
added to a solution of I, (1 equiv.) or AgCIO, (1 equiv.) in 
MeCN, thus indicating the formation of the radical cation 3. 
The g-value and the hyperfine splitting constant (aH)  calculated 
from the signal were 2.0049 and 0.056 mT respectively. The 
g-value becomes smaller as compared with those of the radical 
cations of other sulphur-containing n-electron systems, for 
example, 2,5-bis(methylthio)thiophene (2.00065),' thianthrene 
(2.0081) ' and tetrathiafulvalene (2.00838).14 The hyperfine 
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splitting constant (a,,, mT) also is smaller than those of the 
alkylthio-substituted compounds such as 2,5-bis(isopropyl- 
thio)thiophene (0.25),12 1,4-bis-(methylthio)benzene (0.456)' 
and 1,4- and 2,6-bis(methylthio)naphthalene (0.365 and 0.220 
respectively). ' This result demonstrates that the spin densities 
of the radical cation 3 are relatively small on the sulphur atoms 
in the 2- and 5-positions and large on the carbon atoms in the 
1-, 3-, 4- and 6-positions. Furthermore, the spin densities of the 
radical cation 3 were estimated from the HOMO coefficients of 
1 to be 0.19 in the 1-, 3-, 4- and 6-positions and zero in the 2- 
and 5-p0sitions,'~ thus corresponding to those from the ESR 
spectrum. The UV-VIS spectrum of the complex 2 in dichloro- 
methane solution at room temperature showed the absorptions 
at R/nm 291,360 and 730. The absorption at 730 nm was shifted 
to a longer wavelength as compared with that of the longest 
wavelength of 1 (Ajnrn 513). 

Reaction of Radical Cation with Amines.-The reaction of the 
complex 2 with aniline, benzylamine and butylamine in MeCN 
at - 30 "C gave the thiophene derivatives 4a-c in 83% yields in 
all cases (Scheme 2). The formation of 4a-c indicates that 
nucleophilic addition of amines to the radical cation 3 occurs at 
the 1 -position and carbon-carbon coupling at the 3-position. 
Thus, it was found that there is a remarkable difference in 
reactivity between the radical cations of 1 and sulphur- 
containing compounds, such as thianthrene,18 phenoxathiin ' 
and phenothiazines,20 in that radical cations react with nucleo- 
philes at the sulphur atom. In relation to this fact, we carried 
out the reaction of 1 with I ,  in the presence of aniline, 
benzylamine or butylamine in dry benzene: a solution of I,  (0.5 
equiv.) in benzene was slowly added to a solution of a mixture of 
1 and amines (2 equiv.) in benzene at room temperature. In the 
case of aniline, the thiophene derivative 5 was obtained in 
quantitative yield without the formation of 4a (Scheme 2). The 
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Scheme 3 

owing to low concentration of 6a, 5 is considered to be produced 
from 8a by the abstraction of hydrogen from the eliminated 
propane-2-t hiol. 

Dication of 1,3,4,6-Tetrakis(isopropylthi0)-2h~6~-thieno[3,4- 
c]thiophene.-The reaction of 1 with NOBF, was carried out 
under nitrogen at -30 "C: a solution of NOBF, (2 equiv.) in 
MeCN was added under nitrogen to a suspension of 1 in MeCN. 
As the reaction proceeded, the reaction mixture became 
homogeneous. When ether was added to this solution, 1,3,4,6- 
tetrakis(isopropylthio)thieno[3,4-c]thiophenium bis(tetra- 
fluoroborate) 9 was obtained as a reddish purple solid in 84% 
yield (Scheme 4). The dication 9 was quite stable under dry 

9 
Scheme 4 Reagetit andconditions: i, NOBF, ( 2  equiv.), MeCN, - 30 "C 

5 

Scheme 2 Reagents and conditions: i, RNH, (R = Ph, PhCH,, Bu), 
MeCN, - 30 "C; ii, PhNH,,I,, C6H6, room temp. 

'H NMR spectrum of 5 showed a singlet at 6 5.67 for 3-H. On 
the other hand, the oxidation of 1 by I, did not occur in the 
presence of benzylamine and butylamine, but 1 was recovered 
unchanged, since these amines formed a complex with I, .  The 
formation of 5 indicates that the attack of amines on the radical 
cation 3 occurs at the 1-position and the resulting radical species 
undergoes hydrogen abstraction at the 3-position. 

A possible pathway for the formation of 4a-c and 5 is 
proposed in Scheme 3. The radical cation 3, generated by the 
oxidation of 1 with I,, reacts with amines to form the inter- 
mediate radicals 6a-c. The coupling of 6a-c to form inter- 
mediates 7a-c, followed by elimination of propane-2-thio1, leads 
to the formation of 4a-c. When the elimination of propane-2- 
thiol from 6a occurs in preference to the C-C coupling probably 

nitrogen at room temp. The reduction of 9 with TMPD ( 2  
equiv.) in MeCN gave 1 in 73% yield along with TMPD". The 
use of an equimolar amount of TMPD resulted in the formation 
of the radical cation 3, which was confirmed by measuring the 
UV--VIS spectrum of the reaction mixture. The 'H NMR 
spectrum of 9 at - 30 "C exhibited a doublet at 6 1.71 for methyl 

TMPD , - 3 BF4- 
TMPD 

protons and a septet at 6 4.26 for methine protons. Thus, both 
peaks appeared to lower field compared with those of 1 by 0.42 
and 0.82 ppm respectively. Furthermore, the 13C NMR 
spectrum of 9 at - 30 "C exhibited peaks due to the ring carbons 
at 6 139.5 for C-1, C-3, C-4 and C-6 and at 6 176.2 for C-3a and 
C-6a, which were shifted to lower field compared with those of 1 
by 23.1 and 25.0 ppm respectively. These downfield shifts are 
attributable to the delocalization of the positive charge in the 7t- 

electron system of 9. The absorption at the longest wavelength 
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in the UV-VIS spectrum of 9 in MeCN solution appeared at il 
579 nm which was intermediate between those of 1 and its 
radical cation. 

Reaction of Dication Kith Nucleophi1es.-Amines, alcohols, 
water, thiols and NaBH, were used as the nucleophiles. The 
reactions were carried out, under nitrogen, by adding the 
nucleophiles to a solution of 9 in MeCN at -30 "C. After 
completion of the reaction, MeCN was removed and the 
products were isolated by the usual method. The reactions with 
aniline and N-methylaniline gave the thiophene derivatives 10 
and 11 in 88 and 100% yields, respectively, by ring opening 
(Scheme 5 ) .  The use of isopropyl alcohol and water resulted in 
the formation of the thiophene derivative 12 in 75 and 98% 
yields respectively. The reaction with methanol gave the 
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thiophene derivative 13 in a quantitative yield. The structure of 
13 was established by the fact that its 'H NMR spectrum 
exhibited three doublets at 6 1.28 (12 H), 1.43 (6 H) and 1.71 (6 
H) for non-equivalent methyl protons of four isopropylthio 
groups, three septets at 6 3.51 (2 H), 3.80 (1 H) and 4.13 (1 H) for 
non-equivalent methine protons of four isopropylthio groups 
and a singlet at 6 3.57 for the methyl protons of the methoxy 
group. 

Furthermore, it was confirmed that compound 13 was con- 
verted into the thiophene derivative 14 in quantitative yield by 
treatment with water. Thus, the dication 9 reacted with amines, 
alcohols and water to bring about the ring opening. The 
reaction is explained in terms of nucleophilic attack of amines, 
alcohols and water on the l-position to form 15, 16 and 18-20, 
followed by the fission of the C(1)-S bond to give 17, 11,21,13 
and 22, respectively, as shown in Scheme 6. The intermediates 
17 and 21 are converted into 10 and 12, respectively, by 
deprotonation, and 22 into 12 by elimination of the isopropyl 
cation. The reaction of 13 with water leads to the formation 
of 14. 

On the other hand, the reaction of 9 with benzenethiol, 

1 23 24 

25 

Scheme 7 
NaBH,; iv, H,/Pd-C 

Reagents and conditions: i, PhSH; ii, benzene-1,2-dithiol; iii, 

benzene-1,2-dithiol and NaBH, gave the adducts 23,24 and 25 
in 95,63 and 95% yields respectively (Scheme 7). The adduct 23 
was a 1 : 1 mixture of cis and trans isomers, of which the molar 
ratio was determined by measuring the integral values of the 
peaks due to the methine protons of the isopropylthio groups in 
the 'H NMR spectrum of the isomers. The cis configuration of 
25 was assigned on the basis of the fact that the 'H NMR 
spectrum of 25 agreed with that of the product obtained by the 
hydrogenation of 1 over Pd-C., Thus, the C( 1)-S bond was not 
cleaved by the addition of thiols and hydride to the 1-position. 
This result coincides with that shown for the addition of a 
proton to I.* 

Conclusions.-Compound 1 is oxidised to the radical cation 3 
and the dication 9 by I, and NOBF, respectively. The radical 
cation 3 reacts with amines at the 1-position, where there are 
large spin densities, and the resulting radical species undergo 
C-C coupling and hydrogen abstraction at the 3-position. On 
the other hand, the dication 9 reacts with amines, alcohols and 
water at the l-position to bring about the fission of the C(1)-S 
bond, although the reactions with thiols and NaBH, lead to the 
formation of the adducts in the 1- and 3-positions. 

21 R 2 = H  
22 R2 = Pr' 

18 R ~ = H  \ 
19 R2 = Me 13 H20 - 14 
20 R2 = Pr' 

Scheme 6 

Experimental 
M.p.s were determined on a Yanaco MP-S3 melting point 
apparatus and are uncorrected. IR spectra were recorded on a 
Hitachi 21 5 Spectrometer. UV-VIS spectra were obtained on a 
Shimadzu UV-160 spectrophotometer. 'H and I3C NMR 
spectra are recorded on a JEOL JNM-GX270 FT NMR 
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spectrometer with tetramethylsilane as internal standard; J 
values are in Hz. Mass spectra were recorded on a Shimadzu 
LKB-9000 spectrometer operating at 70 eV by a direct-inlet 
system. ESR spectra were obtained on a JEOL JES-RE2X 
spectrometer. Column chromatography and preparative TLC 
(PLC) were carried out with Wacogel C-300 and Merck 
Kieselgel 60 GF254 respectively. All solvents were dried and 
purified by the usual methods. Aniline, N-methylaniline, benzyl- 
amine, butylamine and benzenethiol were distilled under re- 
duced pressure. Methanol and isopropyl alcohol were distilled 
over calcium hydride. Iodine was purified by sublimation. 
NOBF,, benzene- 1,2-dithiol and NaBH, were obtained from a 
commercial source and were special grade. Compound 1 was 
prepared according to the method described previously.' 

1,3,4,6- Tetrakis( isopropylthi0)-2h~6~-thien0[3,4-c] thiophene- 
Iodine Complex 2.-A solution of I, (64 mg, 0.25 mmol) in 
hexane (50 cm3) was added under nitrogen to a solution of 1 (50 
mg, 0.1 1 mmol) in hexane (1 50 cm3) at - 30 "C and the mixture 
was stirred for 0.5 h. The precipitate was collected by filtration, 
washed with hexane and dried in uacuo to give the complex 2 
(105 mg, 97%) as a black green solid, m.p. 38 "C (decomp.) 

v,,,(KBr)/cm-' 2950 (CH), 1500, 1420, 1370, 1305, 1245, 1205, 
1155, 1110, 1050, 1010, 950, 875, 830, 810, 730 and 670; 
imax(CH2C12)/nm 291 (log c/dm3 mol-' cm-' 4.92), 363 (4.55) 
and 730 (4.1 1). 

(Found: c ,  23.1; H, 2.95. C I ~ H Z ~ I ~ S ~  requires c, 22.8; H, 2.9%); 

Reduction of Complex 2 with TMPD.-TMPD (tetramethyl- 
p-phenylenediamine) (87 mg, 0.53 mmol) was directly added 
under nitrogen to a solution of the complex 2 (50 mg, 0.053 
mmol) in MeCN ( 5  cm3) at room temperature and the mixture 
was stirred for 0.5 h. The precipitate was collected by filtration, 
washed with MeCN and dried in uacuo to give 1 (17 mg, 75%). 
Compound 1 was identified by comparison with the 'H NMR 
spectrum of an authentic sample. The UV-VIS spectrum of the 
filtrate showed absorption at A/nm 526, 563 and 613 which was 
assigned to TM PD' + . 

ESR Spectrum of Complex 2 in MeCN Solution.-Com- 
plex 2 (1 mg) was dissolved under argon in degassed MeCN 
(1 cm3) at -30 "C and the spectrum was measured at room 
temperature. The g-value and the hyperfine splitting constant 
were determined by comparison with those of 1,l -diphenyl-2- 
picrylhydrazyl and potassium nitrosodisulphonate. The ESR 
spectrum of 1 in MeCN solution containing I, or  AgCIO, was 
measured as follows. I, (0.6 mg, 0.002 mmol) or AgC10, (0.5 
mg, 0.002 mmol) was added under argon to a suspension of 1 (1 
mg, 0.002 mmol) in degassed MeCN (1 cm3) at - 30 "C. The 
spectrum of this solution was measured at room temperature. 
The spectrum was the same as that of complex 2 in MeCN 
solution. 

Reaction of Complex 2 with Amines.-General procedure. 
Aniline (50 mg, 0.54 mmol), benzylamine (4 1 mg, 0.13 mmol) or 
butylamine (38 mg, 0.083 mmol) was added under nitrogen to a 
solution of complex 2 (44 mg, 0.054 mmol) in MeCN (6 cm3) at 
- 30 "C. After being stirred for 4 h, the mixture was evaporated 
to dryness under reduced pressure. The residue was separated 
by PLC [dichloromethane-hexane (2: 3)] to give the thiophene 
derivatives 4a-c. 

bithien0[3,4-c]thiophenel-3,3'( 1 H, 1 'H)-diimine 4a (30 mg, 
83%): pale yellow oil, v,,,(neat)/cm-' 3050,2960 and 2855 (CH), 
1620 (C=N), 1585, 1510, 1485, 1440, 1380, 1365, 1265, 1240, 
1215, 1150, 1050, 1030, 990, 845, 760 and 730; R,,,(hexane)/nm 
253 (log 4 d m 3  mol-' cm-' 4.52) and 350sh (4.1 1); 6,(270 MHz; 
CDCI,) 1.15 (6 H, d, J 6.7, 2 x SCHMeMe), 1.29 (6 H, d, J 6.7, 

N,N'-Diphenyl- 1,1',4,4',6,6'-hexukis(isopropylthio)[ 1,l'- 

2 x SCHMeMe), 1.39 and 1.40 (each 12 H, d, J 6.7, 
2 x SCHMe,), 3.03, 3.49 and 3.56 (each 2 H, sep, J 6.7, 
2 x SCHMe,) and 6.9@-7.34 (10 H, m, 2 x Ph); 6,(270 MHz; 
CDCI,) 14.12, 22.65, 23.16, 23.38, 23.44, 23.62, 23.91, 24.59, 
31.59, 39.43, 40.16, 40.85, 81.31, 120.67, 124.47, 128.98, 151.20 
and 157.24; mjz 453 [(Mf/2)  + 11 (Found: C, 55.8; H, 5.9; N, 
3.0. C,,H,,N,S,, requires C, 55.7; H, 5.7; N, 3.0%). 

bithien0[3,4-c]thiophenel-3,3'( 1 H,l 'H)diimine 4b (41 mg, 83%): 
pale yellow oil, v,,,(neat)/cm-' 3070-2860 (CH), 1627 (CdN), 
1513, 1496, 1380, 1362, 1238, 1150, 1035, 720 and 695; 
j.max(CH2C12)/nm 247 (log 4dm3 mol-' cm-' 5.00) and 346 
(4.07); 6,(270 MHz; CDCI,) 1.22, 1.27, 1.28, 1.31, 1.33 and 1.39 
(each 6 H, d, J 6.7, 2 x SCHMeMe), 2.99, 3.59 and 3.61 (each 
2 H, sep, J 6.7, 2 x SCHMe,), 4.484.56 (4 H, br dd, 2 x 
CH,Ph) and 7.18-7.44 (10 H, m, 2 x Ph); m/z 467 [(M+/2) + 
13 (Found: C, 56.3; H, 6.0; N, 2.7. C44H,6N2Slo requires C, 
56.6; H, 6.05; N, 3.0%). 

bit h ien o [ 3,4-c] th iop hen el  - 3,3 '( 1 H, 1 ' H )-diimine 4c ( 3 8 mg, 8 3 
mmol): pale yellow oil, v,,,(neat)/crn-' 2960-2855 (CH), 1625 
(C=N), 1510, 1445, 1380, 1360, 1240, 1150, 1050, 1030,995 and 
950; &,ax(CH,C12)/nm 247 (log 4dm3 mol-' cm-' 4.48) and 342 
(4.01); 6,(270 MHz; CDCI,) 0.93 (6 H, t, J 7.3, 2 x Me), 1.14- 
1.48 (44 H, m, 6 x SCHMe, and 2 x CH2CH2), 1.57-1.72 (4 
H, m, 2 x =NCH2) and 2.91-3.08, 3.20-3.35 and 3.56 (each 2 
H, br sep, J6.7,2 x SCHMe,); m/z 433 [(M+/2) + 13 (Found: 
C, 52.9; H, 7.1; N, 3.3. C,8H,oN,Slo requires C, 52.7; H, 6.9; N, 
3.2%). 

N,N'-Dibenzyl- 1,1',4,4',6,6'-hexukis(isopropylthio)[ 1,l'- 

N,N'-Dibutyl- 1,1',4,4',6,6'-hexakis(isopropylthio)[ 1,l'- 

Reaction of 1 with I ,  in the Presence of Aniline.-A solution 
of I, (17 mg, 0.068 mmol) in dry benzene ( 5  cm3) was added 
under nitrogen to a solution of a mixture of 1 (50 mg, 0.11 
mmol) and aniline (21 mg, 0.23 mmol) in benzene (10 cm3) at 
room temperature. The mixture was stirred for 1 h and the 
solvent was evaporated under reduced pressure. The residue 
was separated by PLC [dichloromethane-hexane (2: 3)] to give 
N-phenyl- 1,4,6-tris( isopropylthio)thieno[3,4-c] thiophene-3( 1 H)- 
imine 5 as pale yellow oil (52 mg, loo%), v,,,(neat)/cm-' 3050, 
2960,2910 and 2855 (CH), 1620 (C=N), 1580, 1520,1485, 1440, 
1380, 1365, 1240, 1220, 1150, 1050, 1015,990,905,840,765 and 
725; A,,,(hexane)/nm 253 (log 4 d m 3  mol-' cm-' 4.42) and 335 
(4.00); 6,(270 MHz; CDCI,) 1.21, 1.33, 1.34, 1.35, 1.45 and 1.51 
(each 3 H,d,J6.7,  SCHMeMe), 3.15, 3.35 and 3.62 (1 H , s e p , J  
6.7, SCHMe,), 5.67 (1 H, s, 1-H) and 7.0G7.38 ( 5  H, m, Ph); 
6,(270 MHz; CDCI,) 22.67, 23.08, 23.22, 23.56, 23.64, 23.72, 
36.50, 40.06, 42.20, 49.46, 120.49, 124.74, 125.38, 129.02, 137.84, 
138.95, 150.89, 151.42 and 157.77; m/z 453 ( M + )  (Found: C, 
55.8; H, 6.3; N, 3.1. C2'H2,NS5 requires C, 55.5; H, 6.0; N, 
3.0%). 

1,3,4,6- Tetrukis(isopropylthio)thieno[ 3,4-c] thiophenium Bis- 
(tetrufluoroborate) 9.-A solution of NOBF, (177 mg, 1.51 
mmol) in MeCN (20 cm3) was added under nitrogen to a 
suspension of 1 (300 mg, 0.688 mmol) in MeCN (7.5 cm3) at 
- 30 "C. A blue-purple colour appeared and the mixture became 
homogeneous. After being stirred for 1 h at -30 "C, dry ether 
(200 cm3) was added to the reaction mixture. The precipitate 
was collected by filtration, washed with MeCN and dried in 
uacuo to give the dication 9 as a reddish purple solid (350 mg, 
84%); m.p. 147-148 'C (decomp.) (Found: C, 35.2; H, 4.7. 

2925 and 2860 (CH), 1470,1375,1310,1250,1100-1000 and 980; 
i,,,(MeCN)/nm 274 (log 4dm3 mol-' cm-' 4.34), 295 (4.49, 
418 (4.24) and 579 (4.51); 6,(270 MHz; CD,CN; -30 "C) 1.71 
(24 H, d, J 6.7, 4 x SCHMe,) and 4.26 (4 H, br sep, J 6.7, 
4 x SCHMe,); 6,(270 MHz; CD,CN; -30 "C) 22.42, 51.25, 
139.49 and 176.24. 

c, 8H28B2F8S6 requires c ,  35.4; H, 4.6%); v,,,(KBr)/crn-' 2975, 
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Reduction of the Dication 9 with TMPD.-TMPD (29 mg, 
0.18 mmol) was added under nitrogen to a solution of 9 (50 mg, 
0.082 mmol) in MeCN ( 5  cm3) at -30 "C and the mixture was 
stirred for 0.5 h. The precipitate was collected by filtration, 
washed with MeCN and dried in uacuo to give 1 as a red solid 
(26 mg, 730/,). When equimolar amount of T M P D  was used, 1 
did not precipitate under similar conditions. The UV-VIS 
spectrum of this reaction mixture exhibited absorption due to 
the radical cation 3 at 730 nm. 

Reaction of the Dication 9 with Amines.-Aniline (149 mg, 1.6 
mmol) or N-methylaniline (176 mg, 1.6 mmol) was added under 
nitrogen to a solution of 9 (100 mg, 0.16 mmol) in MeCN (10 
cm3) at -30 "C and the mixture was stirred for 0.5 h. The 
solvent was evaporated to dryness under reduced pressure. The 
crude products 10 and 11 were purified by column chromato- 
graphy on silica gel with dichloromethane-hexane (1 : 1) and 
dichloromethane-methanol ( I  0: 1 )  as eluent respectively. 

Isopropyl 2,5-bis(isopropylthio)-4-(isopropylthio-N-phenyl- 
iminomethyl)thiophene-3-carbodithioate 10 (74 mg, 88%): pale 
yellow oil; v,,,(neat)/cm-' 3060, 2975, 2925 and 2875 (CH), 
1600 (C=N), 1490, 1470, 1390, 1370, 1250, 1220, 1185, 1160, 
1115, 1090, 1055, 1000, 950, 905, 880, 845, 825, 765 and 
740; L,,,(MeCN)/nm 275 (log 4 d m 3  mol-' cm-' 4.00) and 300 
(3.92); 6,[270 MHz; (CD,),SO; 100 "C] 1.21-1.27 (18 H, br m, 
3 x SCHMe,), 1.42 (6 H, d, J 6.7, SCHMe,), 3.32 (2 H, sep, J 
6.7, 2 x SCHMe,), 3.4-3.6 (1 H, br sep, J6.7, SCHMe,), 4.01 
( 1  H, sep, J 6.7, SCHMe,) and 6.84-7.20 (5 H, m, Ph); m/z 527 
(M') (Found: C, 54.9; H, 6.4; N, 2.8. C,,H,,NS, requires C, 
54.6; H, 6.3; N, 2.7%). 

N- { (Isopropylth io)-[ 23-6 is( isopropy1thio)-4- isopropy lth io- 
(thiocarbonJd)-3-thienyl Imethylene} -N-methyl-N-phenyl- 
ammonium tetrajluoroborate 11 (108 mg, 1000/,); pale yellow oil; 
v,,,(neat)/cm-' 3 150,2975,2930 and 2860 (CH), 1550 (C-N'), 
1450,1390,1365,1240,1165,1110-lO00,945, 870,845,775,765, 
730 and 700; imax(CH2C12)/nm 283 (log 4 d m 3  mol-' cm-' 4.32); 
6,(270 MHz; CDCI,) 1.22, 1.24, 1.35, 1.40, 1.50, 1.54, 1.57 and 
1.60 (each 3 H, d, J 6.7, SCHMeMe), 3.20, 3.47 and 3.76 (each 1 
H, sep, J 6 . 7 ,  SCHMe,), 3.85 (3 H, s, Me),4.17 (1 H, sep, J6.7,  
SCHMe,) and 7.33-7.72 (5 H, m, Ph); 6,(270 MHz; CDCI,) 
21.08, 21.16, 22.25,22.95,23.40, 23.58, 23.74, 25.08,42.60,43.63, 
43.82,45.17,49.07, 123.56, 130.40, 131.45, 131.75, 141.58, 141.66, 
145.86, 188.76 (C=N+) and 217.36 (C=S) (Found: C,48.0; H, 5.9; 
N, 2.5. C25H3,BF4NS6 requires c ,  47.7; H, 5.8; N, 2.2%). 

Reaction ofthe Dication 9 with Isopropyl Alcohol.-Isopropyl 
alcohol (50 mg, 0.82 mmol) was added under nitrogen to a 
solution of 9 (50 mg, 0.082 mmol) in MeCN ( 5  cm3) at -- 30 "C 
and the mixture was stirred for 24 h. The solvent was removed 
under reduced pressure. Column chromatography of the residue 
with dichloromethane-hexane (1 : 1) as eluent yielded S-iso- 
propyl 2,5-bis(isopropylthio)-4-(isopropylthio)thiocarbonyl- 
thiophene-3-carbothioate 12 as an orange oil (28 mg, 7573, 
v,,,(neat)/cm-' 2960, 2925 and 2875 (CH), 1690 (C=O), 1450, 
1390,1370, 1245, 1200, 1160,1085,1050,985,960,880,825 and 
760; i,,,(MeCN)/nm 253 (log &/dm3 mol-' cm-' 4.09) and 323 
(4.01); 6,(270 MHz; CDCI,) 1.28, 1.33, 1.34 and 1.44 (each 6 H, 
d, J6.7, SCHMe,) and 3.32,3.38,3.78 and 4.07 (each, 1 H, sep, J 
6.7, SCHMe,); Sc(270 MHz; CDCI,) 21.04, 22.66, 23.18, 35.83, 
42.07, 42.34,42.55, 134.44, 138.67, 141.55, 148.37, 188.29 (GO)  
and 221.09 ( G S ) ;  m/z 452 ( M + )  (Found: C, 47.9; H, 6.5. 
Cl ,H280S,  requires C, 47.75; H, 6.2%). 

Rruction of the Dication 9 with Water.-A solution of 9 (50 
mg, 0.082 mmol) in MeCN ( 5  cm3) was poured into water (50 
cm3) at room temperature. The mixture was extracted with 
dichloromethane and the extract dried (Na,SO,) and evapor- 
ated under reduced pressure. The residue was chromatographed 

on silica gel with dichloromethane-hexane (1 : 1 )  as eluent to 
give 12 (36 mg, 98%). 

Reaction of the Dication 9 with Methanol.-Methanol (26 mg, 
0.82 mmol) was added under nitrogen to a solution of 9 (50 mg, 
0.082 mmol) in MeCN ( 5  cm3) at -30 "C and the mixture was 
stirred for 5 min. The solvent was then evaporated under 
reduced pressure to give the reddish oil 13; b(270 MHz; CDCI,) 
1.28 (12 H, d, J6 .7 ,2  x SCHMe,), 1.43 and 1.71 (each 6 H, d, J 
6.7,SCHMe2),3.51 (2 H, sep,J6.7,2 x SCHMe,),3.57(3 H,s, 
OMe) and 3.80 and 4.1 3 (each 1 H, sep, J 6.7, SCHMe,). As this 
spectrum changed gradually to that of the compound 12 by 
reaction with moisture, compound 13 could not be isolated 
in a pure form. The reaction mixture was poured into water, 
without removal of the solvent, and extracted with dichloro- 
methane. The extract was dried (Na,SO,) and evaporated 
under reduced pressure. Column chromatography of the residue 
on silica gel with dichloromethane-hexane (2 : 3) gave methyl 
2,5-bis( isopropy1thio)-4-( isopropy1thio)thiocarbonylthiophene- 
3-carboxylate 14 as orange oil (33 mg, 9973, v,,,(neat)/cm-' 
2950,2920 and 2860 (CH), 1700 (C=O), 1430, 1390, 1360,1245, 
1230, 1140, 1040, 985, 945, 780 and 700; A,,,(MeCN)/nm 260 
(log 4dm3 mol-' cm-' 4.00) and 311 (4.08); 6,(270 MHz; 
CDCI,) 1.27, 1.41 and 1.45 (each 6 H, d, J 6.7, SCHMe,), 3.28 
and 3.48(each 1 H,sep,J6.7,SCHMe2),3.73 (3 H,s,OMe)and 
4.10 (1 H, sep, J 6.7, SCHMe,); 6,(270 MHz; CDCI,) 21.12, 
23.16, 40.54, 41.76, 42.70, 51.68, 129.35, 130.23, 147.52, 150.61, 
162.82 (C=O) and 223.56 (C=S); m/z 408 (M') (Found: C, 47.1; 
H, 6.0. C,,H,,O,S, requires C, 47.0; H, 5.9%). 

Reaction of the Dication 9 with Thio1.s.-Benzenethiol(l9 mg, 
0.18 mmol) or benzene-1,2-dithiol (14 mg, 0.098 mmol) was 
added under nitrogen to a solution of 9 (50 mg, 0.082 mmol) in 
MeCN ( 5  cm3) at -30 "C and the mixture was stirred for 2 h. 
The solvent was evaporated under reduced pressure and 
column chromatography of the residue with dichloromethane- 
hexane (1 : 1) as eluent gave the adducts 23 or 24. 

cis- and trans-173-Dihydro- 1,3,4,6-tetrakis(isopropylthio)- 43- 
bis(phenylthio)thien0[3,4-~]thiophene 23 (48 mg, 95%): white 
solid; m.p. 110-115 "C (Found: C, 55.2; H, 6.0. C,,H,,S, 
requires C, 55.0; H, 5.8%); v,,,(KBr)/cm-' 2960, 2920 and 2860 
(CH), 1440, 1385, 1365, 1245, 1155, 1120, 1050, 830 and 755; 
6,(270 MHz; CDCI,) 1.07, 1.15, 1.24, 1.29 and 1.32 (each 6 H, d, 
J 6.7, 2 x SCHMeMe), 1.42 (12 H, d, J 6.7, 4 x SCHMeMe), 
1.43 (6 H, d, J 6.7, 2 x SCHMeMe), 2.98 (2 H, sep, J 6.7, 
2 x SCHMe,),3.28 (2 H,sep,J6.7,2 x SCHMe,),3.45 (2 H, 
sep, J 6.7, 2 x SCHMe,), 3.46 (2 H, sep, J 6.7, 2 x SCHMe,) 
and 7.20-7.50 (20 H, m, 4 x Ph); m/z 655 (M+). 

4,l I-Dihydro- 1,3,4,1 l-tetrakis(isopropylthi0)-4,11 -epithio- 
thieno[3,4-h][5,lO]benzodithiocine 24 (30 mg, 63%): colourless 
oil, v,,,(neat)/cm-' 2925 (CH), 1430, 1385, 1370, 1250, 1160, 
1055 and 755; 6,(270 MHz; CDC1,) 1.33 (6 H, d, J 6.7, 
2 x SCHMeMe), 1.34 (12 H, d, J6.7,2 x SCHMe,), 1.45 (6 H, 
d, J 6.7, 2 x SCHMeMe), 3.33 and 3.39 (each 2 H, sep, J 6.7, 
2 x SCHMe,) and 7.17-7.15 (4 H, m, Ph); 6,(270 MHz; 
CDCI,) 23.32. 23.80, 24.96, 39.09, 41.53, 69.71, 126.72, 128.84, 
135.67, 140.58 and 147.48; m/z 500 ( M +  - C,H,) (Found: C, 
50.2; H, 5.7. C,,H,,S, requires C, 49.95; H, 5.67;). 

Reaction of the Dication 9 with NaBH,.-NaBH, (31 mg, 
0.82 mmol) was directly added under nitrogen to a solution of 
9 (50 mg, 0.082 mmol) in MeCN ( 5  cm3) at - 30 "C. After 
being stirred for 0.5 h, the mixture was poured into water and 
extracted with dichloromethane. The extract was dried (Na,- 
SO,) and evaporated under reduced pressure and the residue 
was chromatographed on silica gel with dichloromethane- 
hexane (1 : 1) to give cis- 1,3-dihydro-1,3,4,6-tetrakis(isopropyl- 
thio)thieno[3,4-c]thiophene 25 as colourless oil (34 mg, 9570, 
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\~,,,(neat)/cm-' 2950, 2920 and 2855 (CH), 1460, 1380, 1365, 
1245, 1155, 1050 and 805; 6,(270 MHz, CDCl,) 1.30 (6 H, d, J 
6.7, 2 x SCHMeMe), 1.32 (12 H, d, J6.7,  2 x SCHMe,), 1.36 
(6 H, d ,J6 .7 ,  2 x SCHMeMe), 3.55 and 3.37 (each 2 H, s e p , J  
6.7, 2 x SCHMe,) and 5.46 (2 H, s, 1- and 3-H); 6,(270 MHz; 
CDCl,) 23.50, 23.60, 23.75, 37.23, 41.88, 51.66, 128.44 and 
150.17; mi: 438 (M +) (Found: C, 49.4; H, 6.9. C ,  ,H& requires 
C, 49.2; H, 6.9%). 

Reduction qf 1 by Catal~*tic. Hydrogenation.-The reaction 
was carried out according to the method described in the 
l i t e r a t ~ r e . ~  A solution of 1 (100 mg, 0.23 mmol) in benzene (100 
cm3) was vigorously stirred for 12 h under hydrogen in the 
presence of 5% palladium<harcoal (1 g) at room temperature. 
The catalyst was filtered off and the solvent was evaporated 
under reduced pressure. The residue was chromatographed on 
silica gel to give 25 (80 mg, 802)). 
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