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Abstract - 1,9-Bis(axy1thio)dibenzothiophenes (1) and their monooxides (2) were 

prepared and the smctwes of the phenyl derivatives (la) and (k) were determined 

by X-ray crystallographic analysis. The dithia dications (3) were generated on 

dissolution of compounds (1) and (2) in concentrated sulfuric acid-dz and their 

shuctures were. characterized by IH-nmr spectroscopy. 

Dithia dications are of considerable interests because of their unusual bonding modes and reactivities as electron- 

acceptors.' Recently, we found a convenient preparation of sterically congested 1,9-dithiodibenzothiophenes 

(1) in which the two outer sulfur atoms are close together and hence interact transannularly.2 Therefore, these 

compounds may provide new sources for encumberd dithia dications by treating with appropriate oxidants. This 

paper reports the X-ray crystallographic analysis of 1,9-bis(phenylthio)dibenzothiophene (la) and its monooxide 

(2a). The formation of dithia dications of la-e in conc. D2SO4 by the IH-nmr studies is also presented. 

1,9-Bis(arylthio)dibenzothiophenes ( h e )  were prepared by the inoamolecular ring contraction (ligand coupling 

Af Ar, Ar 
l a  :Ar= Ph : 65% 
l b  : oTol : 53% 
l c  : mTol : 56% 
Id  : pTol : 63% 
l e  : 3.5Xylyl : 55% 
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l a  Figure 1 2a 

reaction3) of the comsponding 4.6-disubstimted thianthrene-5-oxides with n-butyllithium (Scheme I)?. and 

then were oxidized with an equimolar amount of rn-chloroperbenzoic acid (mCPBA) to afford the monooxides 

(2) in good yields. The structural analysis of compounds ( l a )  and (28) were performed by X-ray 

crystallographic analysis (Figure 1).5 The molecular srmcture of l a  indicates that the central thiophene ring is 

considerably distorted due to the steric repulsion between the two phenylthio groups attached at the CI and the C9 

atoms but the distance between the two sulfur atoms is 3.012 A which is within van der Waals contact (3.70 A).6 

The two phenyl rings are located at anti orientation and are close to the dibenzothiophene ring. The structure of 

sulfoxide (Za) indicates that the dibenzothiophene skeleton is roughly the same and the S-S contact is also 3.016 

A and the O-SyS3 angle is 158.8 O suggesting that both the sulfenyl and the sulfinyl sulfur atoms interact 

transannularly. The 'H-nmr spectra of the S-phenyl rings of l a  and 2a appear at la :  6.95-7.01 (0-H) and 7.06- 

7.16 (m,p-H); 2a: 6.76 (0-H, PhS), 7.04-7.13 (m,p-H, PhS), 7.29-7.38 ( m , p - H ,  PhSO), 7.63-7.68 (0-H, 

PhSO). Other derivadves of 1 and 2 also have the likely chemical shifts to la and 2a. The uansannular bond 

formation between the two sulfur atoms in the phenylthio groups in l a  would be supported by the lower 

oxidation potential (0.86 V) as compared to dibenzothiophene (1.31 V).' 

In order to generate the dithia dications (3) the sulfides (1) and sulfoxides (2) were dissolved in conc. D2S04 

and their 'H-nmr spectra were measured according to our procedures employed previously.l The identical IH- 

nmr spectra were observed by dissolving either 1 or 2 in conc. D2.904. Either the H2S04 solution of 1 or 2 

gave the corresponding sulfoxide in g w d  yield after hydrolysis of the solution demonstrating that the dication (3) 

should be formed (Scheme 2).8 

On dissolution of l a  and 2a in conc. D2SO4, unexpectedly, broadening of the phenyl protons attached to the 

phenylthio groups in the 'H-nmr specha of the dication (3a) was observed and the two protons shift to upfield at 

5.89 ppm (2H) as a broad singlet together with 6.93 ppm (2H), 7.18 ppm (4H) and 7.61 ppm (2H) respectively 

(Figure 2).9 The signal at 5.89 ppm is attributed to the two onho-protons at the phenylthio group since in the 
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Scheme 2 Figure 2.500 MHz 'H-nmr speara 
of dication (34 in w,. 

signals of 2d (Ar=m-Tol) and 2e (Ar=3,5-Xylyl) in D2SO4 only the shifts at 5.89, 7.18 and 7.61 ppm are 

remained unchanged. The signal at 7.61 ppm (1, J=7.5 Hz. 2H) is determined to be the para-protons due to the 

disappearance of this signal from 2d (Ar=p-Tol). Thus the remaining four protons at 7.18 and 6.93 ppm m 

assigned to be the meta-protons. Furthermore, 19-bis(o-deuterated phenylthio)dibenzothiophene (la-d2) was 

synthesized and was dissolved in conc. D2SO4 for measurement of the 'H-nmr. In the spechum, the peak m a s  

correspnding to two protons decreased from 5.89 and 7.18 ppm indicating that the assignment of the 'H-nmr of 

the dication (3a-d2) in DzS04 is reasonable. The IN-nmr spectra of l a  and 2a indicate clearly that the two 

phenyl rings at the sulfur atoms tend to overhang to the dibenzothiophene ring and the protons at the o- and m- 

positions are magnetically non-equivalent in the dithia dication (3a). Other substimted dibenzothiophenes (lb-e) 

show the identical 'H-nmr behaviors, particularly, in 3,5-xylyl derivative ( le)  two sharp methyl singlets 

appeared in the spectrum. These results demonstrate that the free rotation of the S-C (phenyl) bond should be 

restricted or pyramidal inversion at the sulfonium sulfur atoms in 3 does not take place at 27 OC. The 

broadening of the 'H-nmr by the presence of cation radical may he eliminated since in the reaction of Za in 

D2S0.4 does not exhibit esr absorption.10 Dithia dication (3a) is unusually stable in conc. H2SO4 even at 70 'C 

for several hours. By elevating the temperature, the two ortho-protons coalesced at 67 "C into a singlet at 6.56 

ppm. The specrmm was recovered hack to the original one by lowering the temperature to 27 OC. Thus, the 

specaum change by varying the temperature is amibuted to the free rotation of the phenyl rings and the free 

energy of the rotation is calculated to be A@ =63 kJmol-' at 67 "C. 

The present system becomes a new alternative process for generation of dithia dications. Elucidation of the 

crystalline structure of 3 is now in progress. 
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