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Octalene Derivatives 

Sir: 

One of the most interesting problems remaining in 
the field of novel aromatic systems is whether there is a 
class of aromatic compounds in which the magic number 
of An + 2 electrons is attained by fusion of two anti-
aromatic rings, with 4« electrons each.1 A possible 
example of such a system is octalene (I), a molecule 
with 14 7T electrons. The system has substantial reso
nance energy by a Hiickel calculation (4.1/3), albeit 
much less with a more sophisticated treatment,2 and it 
fits Craig's rule3 for aromaticity as well. Of course, in 
this case one must be concerned not only with the usual 
cavils about simple M O predictions but also with the 
question of whether the putative aromaticity in a planar 
octalene would be sufficient to induce flattening of two 
cyclooctatetraene rings, with consequent strain.4 The 
only evidence to date on such matters is our ambiguous 
finding1 that a cyclooctatetraenocyclopentadienone 
(II) is quite unstable, but that it is also very basic. 
The instability suggests nonaromaticity, while the high 
basicity suggests that the bicyclic ten-T-electron cation 
may be aromatic. We have now prepared some deriva
tives and relatives of octalene (I) and wish to report 
their properties. 

1,8-Diformylcyclooctatetraene (III), mp 124-125°, 
can be prepared in 10-40% yield from l,8-bis(hydroxy-
methyl)cyclooctatetraene5 by oxidation with MnO 2 or, 
better, NiO 2 ; it is separated from the concomitant 
furan and 7-lactone by alumina chromatography. 
Reaction of III with the bisphosphorane IV affords a 
1-2% yield of benzo[c]octalene (V), which is isolated 
by chromatography and reversible extraction into 70 % 
aqueous silver nitrate. The mass and nmr spectra are 
unchanged after vacuum distillation or preparative vpc; 
the mass spectrum shows a parent peak at mje 230 
(Ci8Hi4) and the nmr has a peak at 5 7.06, a sharp peak 
at 5 6.34, and a multiplet at 5 5.70 in a ratio of approxi
mately 4 :4 :6 . For comparison, s>ra-dibenzocyclo-
octatetraene, prepared as above but from o-phthal-
aldehyde, has the aromatic protons at 8 6.95 and the 
vinyl protons at 8 6.61; it has similar behavior on thin 
layer chromatography, and on vapor phase chroma
tography under the same conditions it shows a retention 
time of 100 sec compared with 130 sec for V. Hydro-
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genation of V in benzene for 2 hr (1 atm) with 10% 
P d - C gives a substance with parent mje 240 (residual 
benzene ring and tetrasubstituted double bond), while 
a further 2 hr with 10% Pd-C in ethanol gives m/e 242 
(residual benzene ring). 
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The ultraviolet spectrum of V shows only intense and 
absorption, with a shoulder at 245 ran (e ~ 17,000), and 
it resembles that6 of benzocyclooctatetraene (which has 
a nonplanar eight-membered ring). By contrast, we 
calculate (Pariser-Parr-Pople) Xmax 328 m/j. with a 
reasonable intensity for planar aromatic benzooctalene 
(the longest wavelength absorption is predicted to be 
1.6 ju).7 Furthermore, the protons in the terminal 
cyclooctatetraene ring are unshifted (5 5.70) from 
normal cyclooctatetraene (5 5.69). Benzooctalene is 
not particularly stable, being destroyed on chromatog
raphy on activity II alumina, exposure to air for a 
length of time, or (in part) vapor phase chroma
tography at 160-210°. From all this we conclude that 
the eight-membered rings have ordinary tub conforma
tions, and the benzooctalene is not aromatic. 

Related evidence comes from the reaction of III with 
VI, producing 5-10% yield of dihydrooctalene (VII). 
After vpc purification VII has m/e 182, with expected 
fragments at m/e 167 and 154; hydrogenation at 25° 
for 2 hr in benzene over 10% P d - C gives a small peak 
at m/e 194 (perhydrooctalene) and the main peak at 
m/e 192 (residual hindered olefin). In the nmr VII has 
four protons in a broad (room temperature) peak at 
5 2.4 and ten vinyl protons in a complex pattern near 
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6 5.7; the ultraviolet spectrum has Xmax 240 m/x (e 
12,400). Attempts to dehydrogenate VII to octalene 
itself, either with N-bromosuccinimide and base or 
with dichlorodicyanoquinone, have so far led only to 
nonvolatile tarry materials, suggesting that octalene 
does not have striking stability. 

Perhaps the most relevant evidence concerns cyclo-
octatetraenocycloheptatriene (IX), produced in 15% 
yield by reaction of III with VIII. After vpc purifica
tion, IX shows m/e 168 and a large fragment at m/e 
167; hydrogenation in benzene over Pd-C gives ma
terial with m/e at 180 and 178. The nmr spectrum of 
IX is as expected, with the CH2 at h 2.27 and a complex 
ten-proton vinyl pattern. With trityl fluoroborate, 
IX is converted to the tropylium salt X, mp 99-100° 
(Anal. Found: C, 61.17; H, 4.69; nmr: five protons 
at 5 9.10, four protons at 5 6.16, two protons at 5 4.77). 
Since the anion XI derived from IX has a total of 14 ir 
electrons, aromaticity of XI should be reflected in an 
increased kinetic acidity of IX compared with cyclo-
heptatriene. However, with potassium /-butoxide in 
deuterated DMSO-?-butyl alcohol8 IX exchanges 
20-30-fold more slowly than does cycloheptatriene. 
Apparently fusion of tropylium anion to cycloocta-
tetraene does not appreciably stabilize it. We conclude 
that if there is any aromaticity associated with such 
fused ring systems it is not sufficient to induce planarity 
in our compounds, and it thus remains undetected.9 

(8) This is the inverse of the system used by W. von E. Doering and 
P. P. Gaspar, J. Am. Chem. Soc, 85, 3043 (1963), to exchange protons 
into deuteriocycloheptatriene. 
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Paramagnetic Relaxation of Trapped Electrons in 
Irradiated Alkaline Ices 

Sir: 
Electrons produced by y radiation are trapped in 

alkaline ices at 770K.1'2 At hydroxide concentrations 
greater than 0.5 M the trapped electron is characterized 
by an epr singlet at g = 2.0012,s and a blue absorption 
band1 with a maximum at 5850 A. Proof that the epr 
signal and the absorption band are associated with a 
trapped electron is demonstrated by experiments with 
electron scavengers.34 Scavenging experiments show 
that a mobile electron, em~, is formed in irradiated ice; 
the electron moves through the lattice until it finds a 
suitable site at which to be trapped or a species with 
which to react.4 The nature of the trapping site has 
been discussed in terms of an F-center model in which 
the electron is trapped in a hydroxide anion vacancy.4-6 

We report here paramagnetic relaxation experiments 
which support this model. The anion vacancy should 
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be formed in a radiation produced "spur"; the present 
results do indicate that the trapping site is located in a 
"spur." In addition, it is found that the trapped elec
tron relaxes via cross relaxation with O - which is also 
formed in irradiated alkaline ices. 

Frozen solutions of 10.0 M NaOH and 7.3 M NaOD 
were irradiated at 770K with cobalt-60. Slow passage 
progressive power saturation measurements at a modu
lation frequency of 40 cps were made over a 40-db 
power range on a Varian-4500 epr spectrometer. Meas
urements were made at 77 0K unless otherwise noted. 
The electron line shape is nearly Gaussian and the 
saturation curves were interpreted as due to inhomo-
geneous broadening. The curves do not fit the ideal 
inhomogeneous case discussed by Portis,7 but can be 
accounted for by the intermediate case discussed by 
Castner.8 The inhomogeneous line is the envelope of 
individual spin packets where each spin packet is 
composed of those spins which "see" the same local 
magnetic field.7'8 (TiT2)

l/l was determined from the 
saturation curves; 7\ denotes the spin-lattice relaxation 
time and T2 denotes the spin-spin relaxation time. 

(T1T2)''
1 was found to be about 2 X 10~5 sec. The 

most important results are: (a) (T{T2)
l/2 is independent 

of radiation dose from 0.3 to at least 2 Mrads (megarads) 
in both H2O and D2O matrices, (b) (TiT2)

1''2 is independ
ent of temperature from 77 to 1500K, and (c) (TiT2)'

h 

is about 50% larger in D2O as compared to H2O mat
rices; this is on the borderline of being equal within 
our experimental error. 

Observation a indicates no spin-spin interaction 
between trapped electrons at doses up to 2 Mrads. 
Thus the spin-packet width is due to spin-spin inter
actions within a radiation produced "spur" or it is 
limited by spin-lattice interactions. The lack of a 
temperature dependence eliminates the latter alterna
tive. At higher doses at which the electron radiation 
yield has reached saturation (1019 electrons/g for both 
H2O and D2O), (TiT2)

1''1 does decrease as expected 
owing to inter "spur" interactions. We conclude that 
the electron trap is located within a "spur." This is to 
be expected if the trap is a hydroxide anion vacancy 
produced by the radiation. 

Observations b and c yield information about the 
spin-lattice relaxation mechanism of the trapped elec
tron. At temperatures of the order of and above the 
Debye temperature (0D = 192°K for H2O),9 a two-
phonon (Raman) spin-lattice relaxation mechanism is 
expected to dominate.10 Since the trapped electron 
resonance line is broadened by hyperfine interaction 
with surrounding nuclear spins,5 the logical candidate 
for the dominant spin-lattice relaxation mechanism is 
modulation of the hyperfine interaction by the lattice 
vibrations.11 This and all other two-phonon processes 
in H2O or D2O matrices above 1000K predict (T(T2)-

1 h 

<x T2 where T is in 0K. Instead a T0 dependence is 
observed. Furthermore, hyperfine modulation by the 
phonons would require (T{T2y

h to be several times 
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