
7129 

The transition state to the formation of free radical 
may be pyramidal. Further conversion to more stable 
planar form then takes place if this is not structurally 
inhibited. Spectroscopic evidence supports the idea 
that free radicals are most stable in the planar (sp2) 
form.8 In addition, Bartlett reported elegant experi­
ments detecting an sp3 radical of short life and the 
possible sequence less stable sp3 ?± (strained) sp2 <=* 
more stable sp3 was postulated.9,10 

In the adamantane reaction, the adamantyl-1 radical 
is formed more easily from adamantane than the ada-
mantyl-2, presumably because of the usual effects which 
stabilize tertiary radicals more than secondary. In 
addition, the 1 position, which has only equatorial 
character, may be more sterically accessible than the 2 
position, which is axial. Thus the transition state for 
attack at the 1 position is more favorable than for that at 
the 2 position. However, the adamantyl-1 radical has 
to stay in a pyramidal (sp3) state and gains no more stabi­
lization, but adamantyl-2 is capable of further stabiliza­
tion by means of rehybridization to the planar (sp2) 
state.11 This explanation should be applicable to 
radicals at weakly strained bridgehead positions such as 
in bicyclo[2.2.2]octane. 
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Radical-Anion Reactions in Hexamethylphosphoramide 

Sir: 

Solvent exerts a large effect upon the equilibria and 
kinetics of reactions involving radical ions by modifying 
their state of aggregation.1 For example, the equilib­
rium between the free ions and ion pairs, or the struc­
ture of ion pairs, is greatly modified by the solvent.2 

We wish to report now the dramatic effects observed in 
radical-anion reactions performed in hexamethylphos­
phoramide (HMPA). 

Conductance studies3 demonstrated that 10 -3 Msolu-
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tions of lithium, sodium, or potassium salts of anthra­
cene radical anions are virtually completely dissociated 
in HMPA at 25°. Similar results were obtained with 
various alkali and quaternary alkylammonium salts of 
tetraphenyl boride.3 Therefore, it is plausible to 
assume that alkali salts of most radical ions are com­
pletely dissociated in this solvent. Conversion of ion 
pairs into free ions enormously affects the equilibria and 
rates of some radical-ion reactions. Three examples are 
singled out to illustrate these phenomena: dispropor-
tionation of radical ions of tetraphenylethylene, dimeri-
zation of radical ions of diphenylacetylene, and dimeri-
zation of radical ions of quinoline. 

(1) Disproportionation of radical ions of tetra­
phenylethylene (T- -) into the salts of dianion (T2 -) and 
the parent hydrocarbon (T) is shifted far to the right 
in most ethereal solvents. At room temperature a large 
excess (about 1000-fold) of the hydrocarbon (T) has to 
be present to maintain an appreciable concentration 
of radical anions (T- -) in the THF solution.4 In 
HMPA virtually aWY-~ remain as radical ions, even in 
the absence of the parent hydrocarbon. This is evident 
from the following observations. 

(a) A slight excess of T added to a solution of 
T 2 - changes the spectrum into that attributed to T -

(see ref 4 for the pertinent spectral data). Further addi­
tion of a large excess of T does not change the spectrum 
any more. The intensity of the esr signal demonstrates 
that the concentration of free spins is nearly equivalent 
to the initial concentration of alkali, even if only a slight 
excess of T was added to a solution of T2 - . 

(b) Similar results were obtained by adding a slight 
excess of T to a solution of sodium naphthalene. 

The enormous change in the position of equilibrium 
is caused by the virtually complete dissociation of 
T- - ,Na+ into free ions. The dianion is only half 
dissociated; i.e., its bulk is present in the form of 
T2 - ,Na+ . The equilibrium 

T - - + T-- ,Na + ^T"*" T-S1Na+ + T 

is shifted, therefore, to the left because the concentra­
tion of T- - ,Na+ is vanishingly small. The equilibrium 
constants of reactions 

T-",Na+ + T-- ,Na + ~^*~ T2",2Na+ + T K1 

T - - + T - ' . N a + "T-** Ta~.Na+ 4- T K, 

were determined previously in tetrahydrofuran4b at a 
temperature range of — 20 to +20°. 

It is obvious that quantitative studies of T - - radical 
ions now become feasible. For example, the electron 
affinity of T in HMPA has been determined,5 whereas 
such studies were impossible in tetrahydrofuran.6 

Also, electron-transfer reactions, T - + T ^ T + T -

and T - - + T 2 - <=* T 2 - + T- - , have been successfully 
studied.6 

(2) Diphenylacetylene reacts with alkali metals, 
or other electron donors, yielding the respective radical 
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anions.7 These rapidly combine in THF solution;8 

e.g., at 20° their concentration decreases from ^ 1 O - 3 

to ~10~ 4 in a few seconds,9 and eventually equilibrium 
is established between dimers and the radical ions in 
which the former species is greatly favored. In HMPA 
the radical anions do not dimerize; neither their optical 
spectra nor the esr signal show any detectable change 
after 3 hr. Changes are observed after 24 hr; however, 
the products are then different from dimers. 

(3) Electron transfer from biphenylsodium to 
quinoline in THF solution produces probably dimeric 
dianions, the concentration of free spins being only a 
few per cent of their initial value. Different behavior 
is observed in HMPA where a quantitative con­
version of B-_ ,Na+ into quinoline radical ions 
takes place. The resulting radical anions remain 
stable; their uv and esr spectra were recorded. In 
contradistinction, the reaction with pyridine leads to 
radical ions which apparently dimerize and eventually 
are converted to dipyridyl through dehydrogenation 
in which sodium hydride is formed. 
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Stereospeciflc Conrotatory Valence Isomerization of 
Octatetraenes to Cycloocta-l,3,5-trienes 

Sir: 

c/s,c/s-0cta-l,3,5,7-tetraene cyclizes quickly at room 
temperature to give cycloocta-l^^-triene.1 all-cis-
1,8-Dimethoxyoctatetraene yields at 120° 7,8-dimeth-
oxybicyclo[4.2.0]octadiene, for which the methoxy 
groups were suggested to be in trans position;2 cer­
tainly the cyclooctatriene derivative is the intermediate.3 

A recent report4 on the formation of cis- and trans-
7,8-dimethylbicyclo[4.2.0]octadienes (VII and IV) pro­
vided indirect evidence that trans,cis,cis,trans- and cis,-
cis,cis, //•a«s-deca-2,4,6,8-tetraene occurred as inter­
mediates. The assumption of a conrotatory ring 
closure was based on nmr data of the bicyclo[4.2.0]-
octadienes and on the pyrolysis (200°) of dimethyl 
acetylenedicarboxylate adducts which were not isolated 
from a multicomponent mixture. We now wish to 
report on the highly stereospeciflc cyclization of the 
three geometrically isomeric decatetraenes I, II, and 

(1) W. Ziegenbein, Chem. Ber., 98, 1427 (1965). 
(2) H. Meister, ibid., 96, 1688 (1963). 
(3) In contrast to M. Kroner's opinion (ibid., 100, 3172 (1967)) all 

our experimental evidence speaks against the assumed direct cyclization 
of octatetraenes to give bicyclo[4.2.0]octadienes which violates the 
Woodward-Hoffmann rules. 

(4) E. N. Marvell and J. Seubert, J. Am. Chem. Soc, 89, 3377 (1967). 

V which were obtained crystalline. The structures of 
the pure products III and VI were based on conclusive 
evidence. 

The valence isomerization of trans,cis,cis,trans-deca-
2,4,6,8-tetraene (I) in chloroform was nearly complete 
at - 1 0 ° after 30 hr.6 The pure //-a«s-7,8-dimethyl-
cycloocta-l,3,5-triene (III) underwent at 20° in 8 hr a 
second tautomerization to give //-a«5-7,8-dimethyl-
bicyclo[4.2.0]octa-2,4-diene (IV).6 The all-cis isomer 
II cyclized, likewise quantitatively, at 65°; here, of 
course, the bicyclic compound IV was the only isolable 
product. 

3C 3H 3Zm 

The rate of cyclization of m,cw,cw,?/"a«5-decatetraene 
(V) is between that of I and II. At 9°, 90% of the c/s-7,8-
dimethylcyclooctatriene (VI) and 10% of its bicyclic 
tautomer VII were obtained. After reaching thermo­
dynamic equilibrium at 40°, an approximate ratio of 
15:85 was established for VI and VII. 

Thus, the electrocyclic conversions of the three 
decatetraenes are conrotatory as predicted by the Wood­
ward-Hoffmann rules;7 detection limits: nmr, 0 % 
IV in the presence of VII and vice versa; glpc, ^ 0.05 % 
and ^ 0 . 5 % VII in the product IV from I and II, re­
spectively, and ^ 0 . 5 % IV after the cyclization of V. 

The a//-m-octatetraene system constitutes somewhat 
more than one turn of a helix and offers ideal conditions 
for a conrotatory cyclization. The model shows the 
increasing hindrance by one or two c/s-methyl groups in 
V and II, respectively. Kinetic measurements have so 
far been completed for the slow cyclization II -*• III: 
A/ /* = 21.7 ± 1.0 kcal/mole and AS* = - 1 2 ± 3 
eu.8 For comparison, the disrotatory cyclization of 
trans,cis,trans-octv.-2,A,6-Xrienz to give m-5,6-dimethyl-
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