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In order to verify the existence of S-S interaction in the tris-sulfide 

1, the electrochemical oxidation of lwas studied by cyclic voltammetry.' 

The peak potentials (Ep) for 1 and cyclic bis-sulfide, 1,4-dithiane (4) 

showed the following values: 1, 0.53 V and 4, 1.32 V vs Ag/O.lM AgN03. 

Simple sulfides normally exhibit a peak potential of ca. 1.2 to 1.5 V 

(AglAg+). Interestingly, comparison of the tris-sulfide lwith the bis- 

sulfide 4 shows a peakpotential 800mVmore cathodic for the former, so that 

1 should be oxidized more readily. Thus, the trithia compound 1 exhibits 

large negative potential shifts which are undoubtedly related to transannular 

S-S interacti0ns.l' 
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Figure 1. SOO-MHz 'H h'YK Spectra. (A) 1 in CDC19; (B) land 3 in D2SO4; (C) 3 in CDC13. 

Table 1. 'H and '36 S?lR Spectroscopic Data for 1, 2, and 3. 

ll1, 6 I%, 6 

la 3.41 (dd, Je-a=lt.4 IIz, Ja-x=5.9 Hz, 4H), 3.26-3.23 (m, 2H ), 31.9 (d), 29.8 (t) 
2.91 (dd, Je-a=12.4 Hz, Je-x=3.6 Hz, 4H) 

2b 5.03 (s, 2H), 4.Y6 (d, .J=13 Hz, 4H), 4.35 (d, .J=13 Hz, 4H) 52.9 (t), 48.6 (d) 

3" 3.83 (d, J=ll Hz, 2H), 3.62 (s, 2H), 

3.55 (d, J=14 Hz, ZH), 3.22 (d,J=ll Hz,2H), 58.9 (t), 36.6 (d), 

2.67 (d,.J=14 Hz, ZH) 33.5 (t) 

a) In CDC13 solution at 25 'C. b) In D2SO4 solution at 25 'C. 
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Dissolution of tris-sulfide 1 in coned D2S04 ( 98%) at room temperature 

resulted in an orange colored solution. The 500-MHz 'H NMR spectrum of the 

D2S04 solution of 1 showed at 6 5.03 (s, 2H), 4.96 (d, 4H), and 4.35 (d, 4H), 

while the 125-MHz l3 C NMR spectrum of the solution showed two absorptions at 

6 52.9 and 48.6 (see Table 1 and Figure 1). Both the 'H and l3 C NMR spectra 

show significant downfield shifts for the D2SO4 solution of 1 compared to its 

starting sulfide 1. These results clearly indicate that 1 is converted into 

the dithia dication 2. The 'H NMR spectrum of the D2S04 solution of 1 

suggests a rapidly equilibrating mixture of 2a and 2b, since the methine 

proton appeared as singlet. This behavior can be explained as follows; the 

difference between the energies of the twin-chair and chair-boat conforma- 

tions in bicyclo[3.3.1] nonanes was estimated to be 2.7 to 3.7 kcal/mole." 

This is significantly lower than the AH value, 6.9 kcal/mole, associated with 

the chair-boat conversion in cyclohexane. On treatment of the D2S04 

solution of 1 with ice-H20, the sulfoxide 3 was obtained in 83% isolated 

yield, and none of the sulfide 1 or 3,7,9-trithiabicyclo[3.3.l]nonane g-oxide 

was obtained.12 Meanwhile, two-electron oxidation of 1 with NOPF6 (2 equiv) 

in CH3CN-CH2C12 also gave the dication (PF6>2 salt, which on treatment with 

H20 again resulted in the formation of sulfoxide 3. This result suggests 

that the reaction of 1 with coned H2SO4 may proceed via a two-electron- 

transfer process. 13 In contrast, bis-sulfide 4 did not react with coned 

H2SO4. Thus, the tris-sulfide 1 is easily oxidized to the dication 2 which 

is remarkably stabilized by transannular S-S interaction. 
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On dissolution of the sulfoxide 3 in coned D2SO4, the lH and 13C NMR 

chemical shifts observed were found to be analogous to those of the D2SO4 

solution of 1. Similar treatment of the tetradeuteriated monosulfoxide 

3a,14 in D2S04 gave the analogous 'H NMR spectrum and the sulfoxide was 

obtained by hydrolysis of the D2SO4 solution of 3a. The 'H NMR spectrum-of 

the monosulfoxide obtained indicated that it was a 1:l mixture of 3a and the 

tetradeuteriated isotopemer 3b and also that no H-D exchange with the solvent 

H2SO4 took place during the reaction (Scheme 2). 
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These findings obviously demonstrate that the three sulfur atoms in the 

trithia compound participate transannularly in the stabilization of a 

positive charge developed on the one sulfur atom, and hence indicate that 1 

and 3 are converted into a common dication suchas 2, namely the formation of 

the intrabridged dithia dication 2a. 15 
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