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In a recent note, Huisgen and coworkers have summarized the existing data concerning the

equilibrium position of the 1,3,5-cyclooctatriene (1) - bicyclolk.2.0)octadiene (2) valence

1 2

tautomerism as a function of the substituents at C-T and C-8 (gg; ;).2 The German group has
concluded that the large variation in the proportions of the monocyclic and bicyclic forms
(12 derivatives have been studied) does not lend itself to ready theoretical interpretation
at the present time. Independently, we have been examining the question of dynamic valence
bond isomerization in nitrogen analogs of 1 and 2. Because of the obvious relationship be-
tween the two series and in view of the internal consistency of our observations, we communi-
cate our results at this time with the intent of opening the entire question to scrutiny.

2-Methoxy-l-azocine (22) and its 3%,8-dimethyl congener 3b exhibit temperature invariant
(-75 to 1850) nmr spectra which fail to provide any suggestion of the presence of bicyclic

3
imino ethers lYa and 4b. However, Diels-Alder adducts of 3a and 3b are derived exclusively

P .
3a, R=H ba, R = H
b, R = CHg b, R = CHg
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from the respective azabicyeloLk.2.0)octatrienes; furthermore, exposure of Za to potassium

t-butoxide in tetrahydrofuran solution yields benzonitrile, very probably by way of 23.4

The constitution and diene characteristics of 2a and Zb therefore parallel clogely those of

cyclooctatetraene in which the concentration of the bicyclic tautomer at lOOO ig only O.OLJ.S
In marked contrast, 1,2-dihydroazocin-2-one (jg) exists predominantly as bicyclic tauto-

mer ég,s Detailed nmr studies have revealed that the concentration levels of 5a rise pro-

gressively with increasing temperature. For example, in tetrachloroethylene ¢ .lution the per-

o] .
centage of 5a in the mixture varied as follows: 60°, 2.4%; 85°, 3.5%; 1007, 8.1%; 115°, 15.%5.

R 4 — ) R
I,
(I "
2 a, R=R'=H 9
b, R=CHs, R' = H
e, R = R' = CHs

Lactam 22? behaved similarly. However, by comparison to pa.  the percentage of monocyclic form
in this instance was relatively larger and varied less with temperature: 380, 19. 5k 950,
20. % (CClg=CC12 solution). Additionally, the position of equilibrium did not appear to be
affected significantly by changes in solvent (all megsurements at 580): benzene-dg, 20.%%;
acetone-dg, 20.4p; acetic acid-dg, 22.2"0.7 The effect of a methyl group on the lactam nitro-
gen of 5b influences the position of equilibrium to an amazing extent. Thus, the nmr spectra
of Qgé indicated the substance to be entirely bicyclic over a substantial temperature range
(38-120°). Above 1200, Sc rapidly decomposed to 9-xylene and methylisocyanate (not isolated).
These data are to be contrasted with the valence tautomeric situation prevalent in cycloocta-
trienone which is 93.L% monocyclic at 60°,

Sulfonamides Igé and IEG likewise gave evidence of existing only as azabicyclooctadienes

(§). Notably, therefore, replacement of the carbonyl function of a dihydroazocinone by a

&, R = 502CeH.CHs-p u
b, R = S0zCHgs =z
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methylene group and corresponding alteration in the hybridization at that position from sp2
to sps does not reverse the position of tautomeric equilibrium.

In the case of the 2-methoxy-l-azocines (2), the high equilibrium concentrations of the
monocyclic forms reveal that the strain generated in passing to the bicyeclic l-azetine deri-
vatives (E) is sufficiently large to overcome the loss of stabilization derived from non-
contiguous overlap of s orbitals in 3 (because of the tub conformation). The presence of
an amide function in_23=;§g has several consequences. First, the strain in the p-lactam
portion of tautomer é'is not as great as in a l-azetine ring; secondly, the electropositive
carbon of the carbonyl group can be expected to exercise a preference for bonding to sps—
rather than spz-hydridized carbon. These factors, in conjunction with the stabilization re~
sulting from effective n overlap in the planar diene tautomer (ég), can be expected to favor
ég. The greater concentration of the monocyclic tautomer in zgf;ﬁklcan be attributed to
the eclipsed methyl-methyl interactions in ép,which are relieved in. passing to 5b.

In 2£'=;ﬁéi, this eclipsing interaction exists also, but apparently relief of the newly
generated steric interference between N-methyl and carbonyl oxygeﬁ is overriding. The bi-
cyclic form is heavily favored ia this instance because the external bond angles in the four-
membered ring are appreciably wider than those in the azocinone tautomer, thereby substanti-
ally reducing this destabilizing in'c.eract.ion.9 This effect may also be important in 1=§_
where non-bonded sulfone/methylene hydrogen interactions are involved. However, other factors
such as the absence of significant strain in the azetidine ring and effective diene n-orbital
overlap in §'can be expected to stabilize 8 relative to T.

Finally, it becomes important to reconcile the differing behavior of ecyclooctatrienone
and the 1,2-dihydroazocinones. Dreiding models of 5 clearly indicate that the amide linkage
in the medium-sized ring is significantly distorteds from planarity. This out-of-plane
twisting causes reduced resonance interaction between the non-bonded nitrogen electron pair
and the carbonyl n bond. In valence tgutomer é, however, the planar conformation enforced
on the B-lactam ring results in restoration of total delocalization and accordant stabiliza-
tion. On the other hand, cyclooctatrienone enjoys no such prerogative and the strain associ-

. 10
ated with the cyclobutanone ring in the bicyeclic form is the dominant destabilizing factor.
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