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gles and 3'P chemical shifts, with other factors playing a
minor role, then these shifts may in turn be used to define
solution structures, For example, Patel!? has recently noted
a substantial downfield shift (1.7 ppm) of the diester phos-
phate signal in a Watson-Crick type d-pGpC dimer upon
complexation with the DNA inhibitor, Actinomycin D. Jain
and Sobell'? have proposed a model for this complex based
upon related crystallographic data which has the aromatic
ring of the actinomycin intercalated between the stacked,
base pairs of the dimer. In their model this requires an ex-
pansion of the O-P-O diester bond to ca. 113°. Although
our correlation would suggest an O-P-O bond angle of
109-110°, qualitatively, these results are in agreement. It
may be possible now to utilize 3'P nmr spectroscopy to de-
fine structures of more complex phosphate esters, particu-
larly the biochemically important nucleotides, including
possibly small tRNA’s!'4 and DNA fragments.
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Homocyclooctatetraene Dianion: Preparation by
Dimetalation; Geometry!
Sir:

The preparation of the title substance I by reduction of 11
with metallic potassium, and pmr shifts which supported
the proposed structure, were reported in 1966.2 We have
found that | can readily be prepared as the dilithium salt by
dimetalation of (Z,Z,Z)-1,3,6-cyclononatriene (IlI);? its
proton-proton coupling constants help to reveal its geome-
try.

111 is not metalated by n-butyllithium in THF, but in
TMEDA III reacts to give a tan precipitate which is quite
soluble in THF-ds.# Quenching by addition to excess meth-
anol at —78° gave back III in almost quantitative yield.
Quenching with D>O gave III containing by mass spectrom-
etry 82.4% d,, 12.8% di, and 4.8% d,; pmr spectrometry

—H*

v T

showed this largely dideuterated material to be monodeut-
erated at C5 and also at either C8 or C9.° This is exactly
the result expected from the quenching of 1.

The 'H nmr spectrum of this substance in THF-dg at 35°
shows a ~1:1:1:1 quartet for 2 H at 6 4.8 (spacings 3.0, 2.5,
and 3.0 Hz), a 1:2:1 triplet for 2 Hat § 4.7 (/ = 8.7 Hz), a
complex multiplet for 4 H at § 3.5, and a doublet (/ = 12.9
Hz) of triplets (J/ = 10.6 Hz) for | H at § —1.2.% This is
clearly not the 'H nmr spectrum of the monoanion IV.7 The
shifts also differ considerably from those reported” for the
dipotassium salt of the dianion I and given in §é units in pa-
rentheses on structure I. However, the dipotassium salt of I
had very low solubility in THF and DME, and time averag-
ing was used to obtain these shifts; no coupling constants
were reported. Our pmr assignments for the much more sol-
uble dilithium salt are shown on formula I (italicized num-
bers are coupling constants in hertz). They are supported by
decoupling experiments: irradiation at 6 3.5 collapses the
quartet at 6 4.8 and the triplet at 6 4.7 to singlets and the
multiplet at § —1.2 to a doublet; irradiation of a TMEDA-
obscured proton at 6 1.4 reduces the multiplet at 6 —1.2toa
triplet. The coupling constants Ji4 (=Js¢) and Jss are not
directly measurable from the spectrum, but were calculated
by treating H3-H6 as an AA’XX’ system.® Using the posi-
tion of a small line 10.4 Hz to the left of the center of the
pattern for H4 and HS35, the values shown for J4s and
J34(=Js6) were calculated, and in addition, J3, = 0 and Js;
= J4 = +0.6 Hz. The small line was calculated and ob-
served to be about 11% as intense as the largest line in the
pattern.

These coupling constants provide further evidence re-
garding the geometry of this dianion. The —12.9 Hz (sign
assumed) coupling between the methylene protons is much
too large for geminal protons in a three-membered ring®
and rules out norcaradiene-like structures. The angle-
strainless boat conformation V, analogous to the conforma-
tion of cycloheptatriene (homobenzene) favored in the
vapor state, ! is excluded since J34 = 7.9 Hz, far larger than
the value of 0-1 Hz expected for V.!! The similarity of vici-
nal coupling constants Ji2, J23, J34, and J4s suggests a simi-
lar degree of twist about the corresponding carbon-carbon
bonds around the ring. Since these values are all slightly
below the value anticipated for a structure with C1-C8 co-
planar,'? it is likely that C1-C8 are not coplanar, but in-
stead some twist is present about each of the bonds in the
ring.
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The proton-decoupled '*C nmr spectrum of I shows
peaks at 6 105.7, 97.9, 67.6, and 66.6, i.e., four of the five
peaks expected with a symmetry plane perpendicular to the
ring. The first two of these peaks are due to carbons 2, 4, 5,
and 7, and the last (triplet in off-resonance spectrum and
smaller than the other three) to carbon 9. The missing peak
is probably obscured by the THF peak at 6 66.1.

Our failure to observe pmr peaks for the monoanion IV
during the metalation of III to I contrasts with the metala-
tion behavior of related acyclic alkenes!? and is probably
due partly to the instability of intermediate monoanion IV
(angle strain in form with maximum =« overlap) and partly
to the stabilizing effect of developing homoaromaticity on
the transition state between IV and I.

Since electron exchange between I and the anion-radical
with one fewer electron is sufficiently rapid to cause broad-
ening of the ESR lines of the latter species, it has been pro-
posed that these species possess similar geometry.!* To the
extent that this is true, the evidence described herein for the
shape of I applies to the anion-radical as well.
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Pyrolysis of 1-Phenyl-1,3-butadienes. A New Synthesis
of 1,2-Dihydronaphthalenes

Sir:
The synthesis of specifically substituted dihydronapthal-
enes remains a challenge since there is no general simple

procedure. Reduction of naphthalene by lithium or sodium
in liquid ammonia yields a 1,4-dihydronaphthalene,!'-?

901

which can be isomerized by strong base to the thermody-
namically more stable 1,2-dihydro isomer.> While this
simple sequence is applicable to substituted naphthalenes,
the choice of which ring undergoes reduction is determined
by the position and type of substituent.? Substituents in the
|-position direct reduction to the adjacent ring if electron
releasing and to the same ring if electron withdrawing.
Thus 1-methylnaphthalene is reduced to the corresponding
1-methyl-5,8-dihydronaphthalene.? Clearly, other 1-meth-
yldihydronaphthalene isomers are not accessible by this
route. Several less direct but more specific synthetic routes
exist. Addition of an appropriate Grignard or organolithium
reagent to 1-tetralone followed by dehydration of the alco-
hol constitutes a general route to 1-substituted 3,4-dihydro-
naphthalenes,®’ while cyclization of 4-substituted 4-phen-
ylbutyric acids by treatment with polyphosphoric acid
yields 4-substituted 1-tetralones which can be reduced to
the alcohol and dehydrated to 1-substituted 1,2-dihydro-
naphthalenes.8-'¢ However, synthesis of 4-substituted 4-
phenylbutyric acids needed for this procedure often involves
several steps.

We should like to report a new synthetic route to substi-
tuted 1,2-dihydronaphthalenes based on gas phase pyrolysis
under controlled conditions of the appropriate 1-phenyl-
1,3-butadiene. Thus pyrolysis of trans-1-phenyl-1,3-butadi-
ene'l at 450° yields 1,2-dihydronaphthalene'? in 81% yield.
The other products isolated are cis-1-phenyl-1,3-butadiene
(11%)'3'* and naphthalene (6%). Yields reported are based
on recovered starting material, 30%. The pyrolysis condi-
tions are quite critical since pyrolysis of trans-1-phenyl-
1,3-butadiene under more vigorous conditions (550°) yields
naphthalene,!5:'6 while pyrolysis of trans,trans-1,4-diphe-
nyl-1,3-butadiene!” under similar vigorous conditions yields
1-phenylnaphthalene as the major product.'®

The formation of 1,2-dihydronaphthalene from trans-1-
phenyl-1,3-butadiene can be rationalized by a three-step
reaction sequence. The first step is an isomerization of
trans-1-phenyl-1,3-butadiene to cis-1-phenyl-1,3-butadi-
ene.'3-'4 The second is an electrocyclic reaction converting a
conjugated triene into a 1,3-cyclohexadiene in a thermally
allowed disrotatory fashion.!”-22 The triene undergoing this
reaction is composed of the two double bonds of the 1,3-
butadiene and one double bond of the benzene ring. Clearly,
this electrocyclic reaction involves disruption of the 67 elec-
tron system of the benzene ring. The high energy of activa-
tion required for the reaction probably reflects the loss of
resonance energy in the transition state. A comparison be-
tween trans,cis,trans-octa-2,4,6-triene which is converted
to cis-5,6-dimethylcyclohexa-1,3-diene at 130° 22 and
trans-1-phenyl-1,3-butadiene which does not yield 1,2-
dihydronapthalene till 400° may reflect this loss of aromat-
ic stabilization. A related example of participation of a dou-
ble bond of a benzene ring in au electrocyclic reaction is the
pyrolysis of [,2-dipropenyl benzene to yield 2,3-dimethyl-
1,2-dihydronaphthalene.?3 The photochemical conversion
of stilbenes to phenanthrenes under oxidizing conditions
similarly involves participation of double bonds from two
benzene rings in an electrocyclic reaction.2#-2¢ The final
step in our reaction sequence would be a symmetry allowed
1,5-suprafacial sigmatropic hydrogen migration leading to
restoration of the aromatic nucleus.?’
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