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anodic cleavage of the ether group3 giving 1 in high yield. 
Neither the corresponding ethane nor the propane under­
went demethylation under the latter conditions.4 When 4 
was subjected to the same electrolysis conditions, the yield 
of 1 was nearly quantitative. 

The cyclic voltammogram of 1 in acetonitrile consisted of 
a quasi-reversible 2e oxidation peak at +0.70 V5 and the 
corresponding reduction peak at +0.66 V (voltage sweep 
rate 40 mV/sec). The peak separation increased with in­
creasing voltage sweep rate indicating that the electron 
transfers are coupled with a chemical step, i.e., deprotona-
tion of the initial cation radical (5) to 6 which is further ox-

- H + 

+ H+ 

Effect of Forced Coplanarity of Biphenyl 
Rings on the Ease of Formation and Stability of 
Phenolic Cations 

Sir: 

The methylene bridge in the phenolic biphenyl (1) forces 
the two rings to be coplanar which has a profound effect 
upon the ease of oxidation and the stability of the resulting 
cations. Here we report the direct observation of the cation 
radical of 1 and the corresponding phenoxonium ion (2). 
The phenoxonium ion shows limited stability in acetonitrile 
while the cation radical is indefinitely stable in media con­
taining trifluoroacetic acid (TFA). 

CH3O' 

Anodic oxidation of the tetramethoxydiphenylmethane 
(3) in dichlormethane-TFA (3:1) containing the nucleo-

idized to 2. Voltammograms of 7 and 8 under identical con­
ditions showed oxidation peaks at +0.85 and +1.01 V, re-

CH3O 

CH3O 

CH3O 

OCH3 CH3O OCH3 

(CH2),, 

«KJ~C 
/— 

CH3O 
9a,n = 2 

b, n = 3 

Ho 
^OCH3 

spectively. The phenoxonium ion (9a) from the dimethylene 
bridge compound could be observed by cyclic voltammetry 
at slow sweep rates while 9b was much less stable. The life­
time of 2 in acetonitrile was estimated to be an order of 
magnitude greater than 9a under comparable conditions. In 
fact, two-electron oxidation of 1 in acetonitrile at room 
temperature gave a solution of 2 (~25% yield) which had a 
half-life of about 5 min. 

The cyclic voltammogram of 1 in dichloromethane-TFA 
(3:1) is illustrated in Figure la. The voltammogram con­
sists of two consecutive one-electron redox couples, the first 
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Figure 1. Cyclic voltammograms of 1 in (a) dichloromethane-TFA 
(3:1) and (b) dichloromethane-TFA-CF3S03H (45:3:2). Supporting 
electrolyte is M-B114NBF4 (0.2 M). Voltage sweep rate is 150 mV/sec. 

being reversible and the second quasi-reversible indicating a 
coupled chemical step. In the same medium, one-electron 
coulometric oxidation of 1 gave the cation radical (5) which 
could also be prepared by adding small amounts of 
CF3SO3H to solutions of 1 in TFA. The ESR spectra of 5 
produced electrochemically and chemically were identical. 
Solutions of 5 prepared electrochemically could be quanti­
tatively converted back to 1 by cathodic reduction. One-
electron oxidation of 5 gave 2 which is stable in dichloro­
methane-TFA (3:1). The cyclic voltammogram of 1 in di-
chloromethane-TFA-CF3S03H (45:3:2) is shown in Fig­
ure lb. In this case, at low voltage sweep rates (40 mV/sec) 
both redox couples appear to be reversible. However, at 
higher sweep rates the peak separation of the second couple 
became greater, once again implicating a coupled chemical 
reaction. Thus we can conclude that the second couple cor­
responds to oxidation of 5 to the dication (10) which is in 
equilibrium with 2. This is also indicated by the fact that 
solutions of 2 prepared by two-electron oxidation of 1 in the 
latter medium are not stable, presumably because of the 
greater reactivity of 10. 

10 

Examination of molecular models of the bridged biphen-
yls, 1, 7, and 8, showed that the aromatic rings of 1 are 
forced to lie in the same plane while the preferred confor­
mations of 7 and 8 are such that planes of the rings are ~20 
and ~60° to one another. Since the most stable conforma­
tion of the cation radicals is one in which both rings lie in 
the same plane,6 the greater the interplanar angle between 
the biphenyl rings in the substrates the greater the energy 
difference between cation radical and substrate. The latter 
is clearly reflected by the ease of oxidation: 1 (+0.70 V), 7 
(+0.85 V), and 8 (+1.01 V). A further manifestation of 
forced planarity in the ions derived from 1 is the reactivity 
of 2 as compared to 9a and 9b. Chloride ion is oxidized by 2 
while chlorination of 9a and 9b is observed to give cyclohex-
adienones 11. Reaction of 2 or 9b with water is accompa­
nied by demethylation to give the orthoquinones 12 while 
H2O acts as a base toward 9a producing the phenanthrene.7 

Thus, the increased conjugation in 2 makes the aromatic 
system far less susceptible to nucleophilic attack. One 
might ask why 2 is less reactive toward nucleophiles but still 
undergoes an electron transfer reaction with C l - . If we con­
sider the respective transition states we see that nucleophilic 

CH3O. 

CH3O' 

.(CH2),. 

Cl 
OCH, 

11 

.(CH2),. 

0AJ kA0 
12 

attack on the phenoxonium ion involves considerable 
change in geometry while planar 2 reverts to planar 1 after 
electron transfer which is accompanied by a minimal 
change in geometry. Preliminary results also indicate that 5 
is much less acidic than the cation radicals derived from 7 
and 8. 

The only previous report of stable phenolic cation radi­
cals and phenoxonium ions concerned those derived from 
the a-tocopherol model compound.8 The ions from 1 appear 
to be far less reactive. Further work is in progress on these 
unusual systems. 
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Group 6 Metal Carbonyl Induced 
Dimerization of Azirines 

Sir: 

There has been considerable recent interest in metal car­
bonyl effected ring-cleavage reactions of small ring systems 
such as 2-vinyloxiranes1 and benzvalene.2'3 In addition, di-
iron enneacarbonyl [Fe2(CO)9] can induce photolytic-type 
rearrangement of santonin using nonphotolytic conditions.4 

These results led to a study of the effect of metal carbonyls 
on 2-aryl azirines, a three-membered ring heterocycle 
which has been extensively investigated in terms of ther­
mal5 and photolytic6 ring cleavage. We now wish to report 
that group 6 metal hexacarbonyls, M(CO)6 (M = Cr, Mo, 
W), causes dimerization of 2-aryl azirines to dihydropyraz-
ines and pyrazines under very mild conditions. 

Reaction of 2-phenylazirine (1, R = H)7 with an equimo-
lar amount of molybdenum hexacarbonyl (2, M = Mo) in 
anhydrous tetrahydrofuran (THF) at room temperature for 
24 hr (N2 atmosphere) gave8 2,5-diphenylpyrazine (3, R = 
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