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[1,5] carbon shifts can be described as processes involving
specific coordination of the unsaturated propellane to mo-
lybdenum with suprafacial migration operating strictly
under the control of the metal. Whether intermediates such
as 2 undergo decomplexation to give 3 at rates competitive
with ring opening remains an open question.

Lastly, we note that the conversion of 1 to 7 represents to
this time a unique example of a metal catalyzed twofold cir-
cumambulatory rearrangement.!3

Supplementary Material Available. The crystallographic data for
8 (fractional coordinates (Table 1), bond distances (Table 11), and
bond angles (Table 111)) and 9 (fractional coordinates (Table 1V),
bond distances (Table V), and bond angles (Table VI)) will appear
following these pages in the microfilm edition of this volume of the
journal. Photocopies of the supplementary material from this
paper only or microfiche (105 X 148 mm, 24X reduction, nega-
tives) containing all of the supplementary material for the papers
in this issue may be obtained from the Journals Department,
American Chemical Society, 1155 16th St., N.W., Washington,
D.C. 20036. Remit check or money order for $4.00 for photocopy
or $2.50 for microfiche, referring to code number JACS-75-3536.
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1,2,3,4-Tetramethylcyclooctatetraene and
1,2,3,8-Tetramethylcyclooctatetraene. Stable
[8]Annulene Bond Shift Isomers

Sir:

The cyclooctatetraene (COT) ring system, recognized to
possess alternate single and double bonds and a tub (D,g)
conformation,’ can undergo three fundamental structural
changes: ring inversion, bond shifting, and valence isomer-
ization. The first of these requires a planar-alternate transi-
tion state and is least energy demanding (AG! = 14.7 kcal/
mol for cyclooctatetraenedimethylcarbinol).? Bond shifting
necessitates attainment of a planar form with equal bond
lengths and has a somewhat higher energy barrier (AG? =
17.1 kcal/mol for cyclooctatetraenedimethylcarbinol).?
Isomerization with formation of bicyclo[4.2.0]octa-2,4,7-
triene has the most elevated transition state (AG! = 28.1
kcal/mol).3 The first two processes are clearly related by
virtue of requisite ring flattening.

The recent experimental findings by Ganis, et al# of a
significant increase in the free energy of activation for bond
shifting in 1,3,5,7-tetramethylcyclooctatetraene (AG? =
22.5 kecal/mol at 120°) and supportive theoretical calcula-
tions by Allinger and his coworkers® leave little doubt that
enhanced van der Waals interactions by substituents can se-
riously impede the attainment of planarity by the [8]annu-
lene ring.® On this basis, we have entertained the possibility
of preparing shelf stable bond shift isomers of COT, and
have directed attention initially to the 1,2,3,4- and 1,2,3,8-
tetramethyl derivatives where buttressing effects were ex-
pected to contribute additionally to maintenance of the in-
dividual tub conformations. Since these isomers should be
recalcitrant to interconversion, it appeared equally desir-
able to develop independent synthetic approaches to the two
polyolefins. We here report successful realization of these
goals.

The reaction of sulfone 17 with 2 equiv of a-butyllithium
and excess methyl iodide, followed by lithium aluminum
hydride reduction of the dimethylated «-sulfonyl carbanion
gave 2 (34%)8 (Scheme I). Subsequent bromination-dehy-
drobromination® transformed this diene into the corre-
sponding bicyclo[4.2.0]octatriene, the ring opening of
which to furnish exclusively 4 (98%) proceeds disrotatorily
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Figure 1. '"H NMR spectra (60 MHz) of: (top) 1,2,3,8-tetramethylcy-
clooctatetraene (4) in CDCls; (middle) 1,2,3,4-tetramethylcyclooctate-
traene (5a = 5b) in CDCls; (bottom) dipotassio-1,2,3,4-tetramethyl-
cyclooctatetraenide (9) in NDj at —55° (MesN present as internal
standard, étms 2.135). The upfield peak in this spectrum is due to pro-
tiocontaminated solvent.
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under control of the cyclohexadiene ring. The positioning of
the double bond between the two central methyl groups is
thereby not perturbed. In contrast, prior dehydrogenation
of 1 to 37 and analogous reductive desulfonylation® of this
sulfone led to a mixture of 8 (70-80%) and 4. Separation of
the two COT isomers was conveniently effected by conver-
sion to their N-phenyltriazolinedione (PTAD) adducts 6
(mp 175-176°) and 7 (mp 180-181°) which proved to be
easily separable by fractional crystallization from ether-
hexane. The symmetrical nature of 6 is revealed by the
presence of only four sets of '"H NMR signals (6 6.17 (t, J
= 3.5 Hz, 2),4.54 (t, J = 3.5 Hz, 2), 1.38 (s, 6), and 1.22
(s, 6) in CDCl3) in addition to the aryl multiplet. The fea-
tures of the spectrum of 7 (in CDCls) reflect replacement of
one bridgehead hydrogen by methyl and the presence of an
allylic cyclobutene proton (6 7.2-7.55 (m, 5), 6.08 (d, J =
3.5Hz, 2),498 (dd,J = 3.5and 4 Hz, 1), 2.61 (brd,J = 4
Hz, 1), 1.80 (s, 3), 1.48 (s, 6), and 1.34 (s, 3)). The conver-
sion of 3 principally to 5 may proceed by valence isomerism
in that bicyclo[4.2.0]octa-2,4-diene intermediate, which is
produced upon C-C bond formation and ensuing preferen-
tial ejection of the sulfur residue by 1,8- rather than 1,2-
elimination. Whatever the precise mechanistic details, the
two central methyl groups are now not attached to the same
# bond.

Hydrolysis-oxidation'¥ of adducts 6 and 7 returned the
individual colorless tetramethylcyclooctatetraenes 4 and 5,
respectively. The C, symmetry of 4 follows convincingly
from its '"H NMR (Figure 1) and '3C NMR spectra (17.16,
22,12, 12296, 130.51, 132.46, 144.86 ppm from TMS).
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Not only are the pairs of olefinic protons differentially
shifted but the 3- and 8-methyl groups appear expectedly as
a broadened singlet due to allylic coupling with the neigh-
boring ring hydrogens. In contrast to 4 which is homoge-
neous within the limits of spectroscopic analysis, its bond
shift isomer is seen to consist of a mixture of valence tau-
tomers in which S5a predominates over Sb by ca. threefold.
Although the identical composition was seen in three inde-
pendent preparations of §,!' convincing proof of the true
position of equilibrium was still lacking. This ambiguity
was removed upon reaction of § with 1.1 mol equiv of ben-
zylideneacetoneiron tricarbonyl!? in benzene at 60° for 2
days.!® These conditions led in 79% yield to n* complex 8
(assumed stereochemistry; 'H NMR (CDCl3) 6 5.1-5.4 (m,
2),2.9-3.2(m, 1), 2.15-2.4 (brd, 1) 1.52 (s, 3), 1.42 (s, 6),
and 1.26 (s, 3)), which when oxidized with ceric ammonium
nitrate in acetone (—30°) returned the identical mixture.
The presence in 5a of a twofold symmetry axis is borne out
by its 13C NMR spectral features (17.75, 18.45, 116.97,
122.12, 127.28, and 137.20 ppm).'4

Polarographic reduction of 4 and § provided a quantita-
tive measure of the difficulty experienced by these [8]annu-
lenes in attaining a planar conformation. In anhydrous hex-
amethylphosphoramide, the respective £/, values are seen
at —3.7 and —3.6 V vs. SCE, virtually at the onset of dis-
charge by solvent.!S The slightly better reducibility of §
may arise from enthalpy differences which favor 4 by an es-
timated 1.0 kcal.!6 Despite the high level of strain, 4 and 5
have been successfully reduced to the identical dianion (9)
with potassium in ND;. The 'H NMR spectrum of this
species (Figure 1) accords fully with those of the various di-
methylated derivatives'? and serves as the basis for assign-
ment of the planar (or effectively planar), symmetrical de-
localized structure. Oxidation of this species with iodine in
pentane!® returned a mixture of 4 and 5.

In attempts to effect bond shift isomerization in 4, gas
phase experiments were conducted up to 430° (contact time
1-3 sec).!® No evidence was gained for the formation of 5.
By way of contrast, thermal activation of § at 350° resulted
in low level conversion to 4. In the temperature range of
405-475°, the proportion of 4 increased regularly with
added heat input. Interconversion can also be achieved pho-
tochemically® in quartz with 2537 A light; o-xylene is pro-
duced concomitantly.?0

We conclude that the activation energies for ring inver-
sion and bond shifting in 4 and §, although sizable, are nev-
ertheless attainable under certain conditions. [8] Annulenes
substituted in this manner should consequently be resolva-
ble into stable enantiomers and may perhaps be convertible
into stable (heretofore elusive?!) trans isomers. Such re-
search is being continued.??
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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).

CH,
cno 5y

CH,O OCH,
1
CH,
e
CHO OCH,
2

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

phile scavenger, trifluoroacetic acid anhydride! (TFAn),
proceeds in the normal manner? giving the bridged biphenyl
(4) in high yield. However, in the presence of 1% H,O, oxi-
dation was accompanied by first cyclization to 4 and then

CH,
CH,0 OCH,
CH,0 OCH,
3
CH,
CH,0 Q Q OCH,
CH,0 OCH,
4

anodic cleavage of the ether group® giving 1 in high yield.
Neither the corresponding ethane nor the propane under-
went demethylation under the latter conditions. 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 2¢ oxidation peak at +0.70 V3 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-

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

CH300H CH300H

CH:0O OCH;, CH;0O OCH;
7 8
(CHy),
oo Sy
CH.0O OCH;,
9a,n=2
bn=3

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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