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I,IO,I'I'-Tetramethyl-p-phanylenediamine (I) is lmowu to 

uudergo oue-electron oxidation under a variety of codlltions (2) to 

the corresponding cation-radical, a blue substauce, which has 

absorption maxima at 621 IU~ and 571 my (3) The e.e.r. derivative 

spectrum of the cation-radical of I hae been exteueively Qxuoinsd, (4) 

and the hyperflne coupling couetautr have been found to be q I 6.99 

gauss, acp3 = 6.76 gauss, a& ah = 1.97 gauee. 

We wish to report here the aualogoue(5) one-electron 

oxidation of the kcouu dithiohydroquinone dimethylether (II).(~) 

III 96% eulfurlc acid II aleo gave deep blue eolutioue (A,. at 

787 q.~, 725 7 (ah), snd 615 p) with rtroug e.6.r eiguale. The 

e.s.r. pattern of these eolutione showed mauy liner apparently due 

to the preeence of more than one species, however a dominant pattern 

(1) Cumulative Influence of ConJugated Eubstituents on the v8yetem 
Properties of Aromatic Hydrocarbons, V. To be published. 

(2) L. Michaelis, M. P. Schubert and 5. Crenick, s. &. a. e., 
6,&t 1981 (1939). 

(3) R. Foster and T. J. Thomson, Trane. Faraday Sot., a, 860 (1962). 
(4) J. R. Boltou, A. Carriugtoc aud J. doe Saatoa-Veiga, )(ol. w., 

L 615 (1962). 
(5) Many analogies in the chemical properties of divalent sulfur and 

trivalent nitrogen compounds and their derived cations M known. 

ii; (1956). 
F 0. Bordwell aud P. J. Boutau, 2. &. e. &., 72, 

(6) ~lg~he and W. Frohceberg, Ber. Dtsch. w. &., s 2721 



1822 Sulfur analog of Wrster's blue cation-radical No.26 

of sewn groupa of ewnly opaced linen could be seen. This spectrum 

could be detected ewn after the nolutionn were stored at room tempera- 

ture for a week; howewr, the risible abaorptlon bands were found to 

flu&rat@ in intensity with time, and the solutions did not obey Beer's 

law. Quenching a day-old solution of 0.55 g. of II in 17.96 g. of 

sulfuric acid in Ice-water remulted In recovery of 42% of starting 

material and 28% of a compound, whooe m.p. (99.5-100.5', reported(6) 

1O2o), infrared spectrum, and elemental analysis Indicated the mono- 

eulfoxide III. compound III could be redislrolwd in sulfuric acid to 

III 

giw a solution with the sm e.8.r. derivative ape&rum and visible 

absorption maxima an obtalned from II in sulfuric acid. When the 

diaulfoxide of I#) (bis-p-methylsulfonylbenzene) was diaeolved in 

96% sulfuric acid a broad sewn line e.8.r. derivative pattern with a 

coupling con&ant identical to that of the cation-radical of II, was 

observed. These observations Indicate a similarity between the reactions 

of II and its sulfoxide8 and thianthrene(7,g) and its sulfoxides. 

Conclusive evidence for the presence of the dithlohydro- 

quinone dimethylether cation-radical was obtained by electrochemical 

oxidation. Using a rotating platinum electrode in acetonitrile solution 

with tetra-l-propylrmumnium perchlorate a8 supporting electrolyte, II 

wae found to undergo a 1 electron Oxiaation at + 0.861 v. (vs. an Ag-0.01 Molar 

AgClO, reference electrode) with a second wave appearing at +1.43 V. 

When electrochemical oxidation of II in acetonitrile wa8 performed in 

(7) II. J. Shine and L. Piette, J. Am. Chem. Qoc., 84, 4798 (1962). 
(8) E. A. C. ~ucken, 2. z. %.';-496319m 
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the e.s.r. cavity at the peak of the first wave, a blue solution with 

an e.o.r. derivative spectrum similar to that obtaiued from solutiom 

of II in eulfuric acid was obtained. The 8pectmm of the eleotro- 

chemically generated radical did not show extraueous lines which hsd 

prevented an unequivocal assignment of coupling constants for the 

radical in acid. The spectrum consisted of oeven broad liuer with 

relative intensities which are a good fit for electron interaction 

with six equivalent protons. The spacing of the linea suggemt a 

coupling coustaut, aCRs, of 4.56 gauss in acctouitrile and 5.33 gauss 

in sulfuric acid for the cation-rsdical of II.(~) 

Each of the seven lines was further split by iuteraction 

with au even number of protons (these may be the four ring protons) 

but the resolution was not good enough to measure the coupling con&& 

or establish the uature of the further interaction with certainty. 

Our inability to resolve the ring proton byperfine struc- 

ture may in part be due to the presence of two rotational. isomers of 

the cation-radical of II which may result in different coupling 

constants for the ring protons in different environments. Several 

examples of such rotational isomers have been reported for other 

ion-radicals (lo). The 1 arge (4.56 gauss) methyl proton coupling 

constant suggests that the spin density on sulfur is relatively 

large. Consequently, the spin density on proton-bearing ring sites 

can be expected to be relatively small; however, no relation between 

agCH3 and spin density ou 8 has been established. The g-value was 

2.00% + O.OOOh, higher than the free electron value normally associ- 

ated with radicals in 6systems made up exclusively of first row 

(9) 

(10) 

Solvent effects of this magnitude are not unexpected. 
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alao ny(~atlugthat8uJ.fur interactionviththe uupired 

ooeur. 

Cpzllc volta~~tric 8tudy In acetouitrile l hcved both 

andlo and cdhodlc peaks oentered around the d. c. half-vows potential 

of II. At law fregueuolea, the re-reduction vu iacqplcte, euggeet- 

fug a half-life for the oatioa-rdlcal of + sect. A8 the poteutlal 

vu @led eeveral tlmee, uev oxidation pcake appeared at + 0.75 V. cud 

+ 1.0 V. (ve. 8cs). Ill 1,2-dlmthoxyethaue, the half-life of the 

cation-r&aal of II vu only of the order of 0.1-0.5 l ece.; hovever, 

uevoxidatioupe~ did uot appear evenafter uumeroue cyolee. A 

poealble luterpretatiou of the8e remlte ie that 8olvatlon by aceto- 

uitrlle l tabillaea the radical but aleo is involved In the formation 

of uev electro-actlVe *psciea. 

The loug wavelength charge-trauefer (C-T) abmrption baud 

VJiy of *-electron donors is a kaaure of their relative firet 

ox1dat1oupoteutial(~). The C-Tuaxima of Ivithtetracyamethyleue 

& p-ohlorauil are reported to be at g&l 4 spd 870 qa reepectively (3). 

The correryoudiug uaxim of II with theee acceptors, in methyleue 

chloride, occur at 675 up e9d 600 91. Siullarly, the louisation 

potential of II, ae raaured by the electron impact method, (=) 1~ 

7.35 2 0.05 volts, compared to the reported ionization potential of I, 

by the ear rthod, of 6.5 volts(U). 

We conclude that the l ulfux aualog of the Wvreter's Blue 

cation-radical., the dlthiohydroquinoue diwthylether cation-radical, 

althou& capable of more than trausitory existence, is foamed with 

more difficulty, atnd is less stable than Wiiister Blue. 
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