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Even when it is N,N'-disubstituted by the acceptor groups C(0)Me and P(S)Me2, the 1,4-dihydropyrazine system 
remains sufficiently electron rich to undergo facile one-electron oxidation to give persistent radical cations with 
aceta m ide and t h i o p h 0s  phi n ic am i de f u ncti o n a I i ty . 

Stabilization of the cyclic 8x electron system 1,4- 
dihydropyrazine in the C-unsubstituted form has so far been 
accomplished by only a few types of N-substituent. The 
virtually planar1 trimethylsilyl and trimethylgermyl deriva- 
tives (1) are coloured, paratropic and highly reactive (pyro- 
phoric) ,2 whereas N-acylated compounds3 such as (2) display 
no such unusual behaviour. This dichotomy has raised 
questions on whether the elusive 1,4-dihydropyrazine may be 
stabilized by other x accepting N-substituents and to what 
extent such compounds still retain the typical reactivity of 
1,4-dihydropyrazines, i. e. , one electron oxidation to give 
persistent radical cations.4 

We report here the successful stabilization of the 1,4- 
dihydropyrazine system by the dimethylthiophosphinyl group, 
P(S)Me2, which had proved to be a good acceptor for carbon x 
systems;5 the colourless, air-sensitive compound (3) was 
obtained via reductive thiophosphinylation of pyrazine with Li 
and C1P(S)Me2. The 1H chemical shift, 8 5.46, for the ring 
protons in (3) is larger than in corresponding trimethyl-silyl 

and -germyl derivatives (1),2 in agreement with the stronger 
acceptor effect of the P(S)Me2 group.5 However, electro- 
chemical studies using cyclic voltammetry in MeCN-O. 1 M 
Bu4NC104 at 100 mV/s reveal that both (3) and the N,N'- 
diacetyl species (2)3 are still reversibly oxidized at rather low 
potentials, the second oxidation step to the pyrazinium 
dication being irreversible in both instances (Figure 1). 
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(1) X = SiMe3 or GeMe3 
(2) X = C(: 0)Me 
(3) X = P(: S)Me, 
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Figure 1. Cyclic voltammograms of (a) compound (3) and (b) 
compound (2), illustrating reversible first and irreversible second 
oxidation steps. Oxidation potentials El +0.26 V for (3) and +0.74 V 
for (2); second anodic peak potentials &pa +0.79 V for (3) and + 1.12 
V for (2) at 100 mV/s scan rate (V vs. standard calomel electrode). 

The potential differences betwen (2) and (3) indicate that 
the stabilization effect of C(0)Me is larger than that of the 
P(S)Me2 substituent. Encouraged by this reuslt, we charac- 
terized the one electron oxidation products, the cation radicals 
(2)*+ and (3)*+ by e.s.r. spectroscopy. The e.s.r. parameters 
of in situ electrogenerated (3)*+ in MeCN are: g 2.0031, UN 
0.68, aH (CH) 0.34, up = 0.78 mT. The radical cation (2).+ was 
generated by A1C13 oxidation4 in CH2C12 and has g 2.0027, a N  

(av.) 0.58 uH (CH) (av.) 0.29 mT. Apparently, the e.s.r. 
spectrum of (2)*+ is complicated by the existence of cis- and 
trans-isomers as in the isoelectronic 1,6diacetylbenzene 
radical anion;6 owing to insufficient resolution in conjunction 
with additional small acetyl proton hyperfine splitting, we 
have not yet been able to make further assignments. 

Nevertheless, these results are remarkable because there 
have been few stable radical cations reported which contain a 
carboxamide function7 and none with an NP(S)R2 group. This 
study shows that the 1,4-dihydropyrazine system is sufficiently 
JC electron rich to accommodate the JC accepting N-substituents 
C(0)Me and P(S)Me2 without losing its propensity to be 
oxidized to a persistent ~ J C  electron oxidation state. 
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