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The recently developed synthetic entry to 1,2,3,4- and 1,2,3,8-tetraalkyl cyclooctatetra- 

enesl has established that the ring inversion process characteristic of the parent hydro- 

carbon (@*w 13.7 kcal/mol)2 can be greatly impeded by steric constraints external to the -- 

medium ring (isolation of stable bond shift isomers becomes possible). Such a disposition of 

substituents arrests attainment of the planar transition state believed necessary for inter- 

3 
conversion of the tub conformers. The activation energy for ring inversion in these examples 

must also contain a term for increased strain within the eight-membered ring, but this con- 

tribution is not readily determinable. In an attempt to develop a greater appreciation of 

such internal, necessarily less overwhelming, strain contributions, the variable temperature 

NMR behavior of the anti-1,5-bishomocyclooctatetraenes 4-6 has now been quantitatively -- 

assessed. 
p 

KJsq&xl A._ yJx’ =x;)Jj$D, 
a 

L,X=X’=CHz 

$X=CH2,X’=O 
- 3,X=X’= CH2 

!? 

The desired tetracyclic compounds were available by suitable thermolysis4 of pentacyclo- 
r 

r5.3.3.02"',03,~.08,10]decanes l-J.a -- As concerns 4, and 6_, the ring inversions are seen to be 

degenerate, returning identical molecules in which the chemical environments of all consti- 
e 

tuent carbon atoms and attached protons have been reciprocally interchanged. Passage through 

the coalescence temperature is therefore tantamount to altering the effective shape of these 

molecules from Static Cs t0 dynamic c2h. In the case of 2, this unique situation does not 
- 

obtain. Rather, competition between epoxide oxygen and the cyclopropyl methylzne group for 

the "inside" and "outside" positions gains importance. 
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Table I. ___ Thermodynamic Data and Activation Parameters for the Ring Inversions in 4-6 - ,' 

Ea, kcal/mol 

log A 

/&I), kcal/mol 

aS_*, eu 

4, 2 6 

16.41. + 0.72 16.77 + o. 75 18.81 - + o. 85 

14.08 + 0.56 13.11 - 2 0.53 12.03 -+ 0.49 

16.17 2 0.58 16.40 2 o. 73 x3.17 + 0.76 

-5.21 + 2.05 -0.05 + 2.00 -5.69 + 2.00 

At -45' and below, the proton decoupled 13C IWR spectrum of 4 (CD& solution) 

consists of 6 lines: 128.35, ~6.90, ~~71, 17.00, 16.51, and 14.02 ppm. As the temperature 

is raised, these signals broaden and then sharpen to generate above +41° a triad of singlets 

at 1r7.62, 20.55, and 15.26 ppm. This mutual averaging of peaks shows that rapid equilibration 

between 4a and 4b leads to total environmental exchange between the four methine, four ole- W - 

finic, and two methylene carbons. Matching of calculated (DNMR 2)7 and observed methylene 

and olefinic segments of these spectra provided a series of rates from which the data in 

Table I were obtained. 

The room temperature 'H NMR spectrum of 6 (o-dichlorobenzene -- solution, 90 bmz) consists 

of a downfield AB quartet (547.3 and 499.3 Hz), an upfield pseudodoublet (338.8), and a 

broadened pseudosinglet (325.5). As judged from Dreiding models, the exo orientation of an 

oxirane ring causes the XEO- hydrogens to adopt a dihedral angle of N 90' with the adjacent 

olefinic protons and consequent low spin-spin interaction. Inner folding of the epoxide 

moiety decreases this angle to ,U 40' and is therefore expected to measurably etiance coupling. 

By standard I&XOON techniques for AA'BB' systems, the relevant coupling constarts were deter- 

mined to be: &A = 2DDV = 4. lo, 2AB = 0.50, ?AB, = -0.29, JRB, =&C, = 0.01, and &D = 2.74 

Hz. Upon gradual heating of s the oxirane protons were seen to 

at 150'. Under these limiting conditions, the chemical shift of 

become fully isochronous only 

the XHO- singlet (332.1 Hz) 

appeared midpoint 

ing to the DIWR 3 

vation parameters 

between those in the static structure. Complete line shape aralysis accord- 

8 
method of Binsch throughout the entire temperature range provided the acti- 

listed in Table I. 

The 'H NMR spectrum of static 2 (-ZOO, C12C=CC1, solution)' is very similar to that of 6 - 

in the oxiranyl proton region except that the singlet (304.3 Hz) is now diminished in intensity. 

The pseudodoublet appears at 324.4 Hz. Upon slow heating to 71°, these signals broadened and 
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then coalesced at a chemical shift (318.8 Hz) which pro-ved to be a linear combination of the 

shifts of conformers z and jJ. !The 5a:5b ratio (~2.58) therefore gives no indication of -- 

meaningful alteration with temperature, the concentration imbalance representing a AS&a value 

of 0.56 kcal/mol. Man lifetimes as a function of temperature were determined by computer 

simulation of the oxiranyl proton signals as before; use of a relaxation time of 0.250 set 

afforded optimal results (Table I). 

Our findings disclose that diepoxide 5 undergoes tub-to-tub interconversion with less 

facility than hydrocarbon 4. Since the &3* components of these processes are closely similar, 

the 2.5 kcal/mol difference likely finds its origin in those factors which directly affect 

enthalpy. The behavior of 5 provides important clues. Firstly, replacement of one cyclo- 

propyl methylene by oxygen lowers the free energy of 2 relative to 2 by approximately 0.5 

kcal/mol, a likely consequence of the smaller space filling demands of the oxygen lone pair 

relative to a cyclopropyl hydrogen. In actuality, the somewhat reduced conformational mobility 

of j_ relative to & (ca 0.25 kcal/mcl) can be viewed to arise chiefly because of this added 

ground state stabilization. It is not known to what degree the shorter C-C bond of an oxirane 

ring (1.4'7'2 51 for the parent heterocycle) 
10 

as compared to cyclopropane (1.510 12) 
11 

directly 

affects the attainment of the planar or nearly planar fused 1,5-cyclooctadiene ring necessary 

12 
for inversion. Notwithstanding, bond length factors alone cannot account for the A@* gap 

of 2.0 kcal/mol separating 4 and 5. Hwzver, as shown schematically in Figure .L, dipolar 

interactions can gain importance in the folded conformation of the diepoxide (I), internal 

salvation of the "inner" oxygen lone pair by the transannular oxiranyl carboss leading to 

enhanced ground state stabilization. In progressing to the ring inversion transition state, 

such interactions must not only be decoupled, but an adverse dipole-dipole situation develops 

which is perhaps accentuated by the interconnective double bonds (see g). The abnormally high 

@* for 5 is therefore viewed to be the result of combined steric and dipolar electronic 

ground state stabilization in tandem with some dipole-induced transition state destabilization- 

Figure 1. Sideview schematic of 5 and its transition state for ring inversion. 
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The differential response of 4-6 to the input of thermal energy nicely illustrates the -- 

sensitivity of medium ring inversion energetics to subtle structural factors. Curiously, as 

in several carefully studied Cope rearrangement reactions of divinylcyclopropanes and epox- 

13 
ides, the sequencing of AH* bears no direct relationship to relative heats of formation - 

I.4 
computed by summation of bond increments. 
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