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The thsoretical aspects of symmetry-disallowed pericyclic reactions have received considerable
attsntion recentlyﬁ_s. When such rsactions proceed with concerted breaking and making of bonds,
an anti-aromatic transition state is involved. The amount of energy required for such a process
has been Dverestimated4’5 because configuration interaction had not been taken into accounti’s.
The resulting lowering of the energy of the transition state depends strongly on the relative
energies of the molecular orbitals of the transition stats. On this basis, it has been predict-
ed that substitution of one component of the pericyclic reaction with electron raleasing groups
- raising the MO's of that component - and of the other companent with electron-withdrawing sub-
stituents - lowering the MO's - will effectively reduce the energy barrier of disallowed pro-
cesses

A convenient way of verifying this prediction would be to examine the effect of substitu-
ents on a system which is constrained to a disallowed pericyclic reaction mode for geometric
reasons. Consider the thermal £Q25 + Wzs] ring opening of bicyclo[2.2.d}hex—2—ene. We have in-
vestigated the easily accessihlae’ 1,4,5*9nd0,B‘endb~tetramethylbicyclct2.2.D]hex—z—enss 1-4, in
which the c-component is substituted with two methyl groups, and the w-componsnt with methyl,

methoxycarbonyl or phenyl grnupsB

1
CHs [ 1 R = Rz = Me
H 1
y R - . 2 rR' - coove, RZ = Me
€H, 3 rR' = R = Coove
cH R? 1 2 _
s 4 R’ = COOMe, R = Ph
1-4

The thermal ring opening reaction of 1-4 was studied at 90-210". Tn each case the product
expected for [525 + “2;] cycloreversion was selectively formed, as shown by 1H NMR. Approxi-
mate values of the activation parameters are compiled in the Table. The enthalpy of activation
is found to decrease by 17-18 kIJ mole_1 for each methoxycarbonyl growp (reaction in heptane]g.
The activation enthalpy correlates with the ﬁ,ﬂx transition of the ethylenic double bDndE’1D.
The values of the activation entropy would ssem to reflect the restrieted rotation of the
methoxycarhonyl and phenyl greoups in the transition state compared wtib the ground state. In

OM30 similar trends are observed.
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Table. Activation parameters for the ring cpening of 1 - 48

Solvent heptane DMs0
Compound ASi AH# A AS# AH#
-1 -1 max -1 -1
gibbs mole kJ male < nm gibbs mole kJ mole
1 + 5 154 210 -18 143
2 -14 135 229 -41 119
3 -27 149 241 - =41 108
4 -30 129 229 -16 131

8 In sealed glass, 5% soliution,

A similar substituent effect is observed for the disrotatory cleavage of the bridge in
Dewar-benzenes: hex?methylbicyclm[2.2.D]hexa—2.5-diene (liguid phase}, as# = +31 gibbs mule_1,

A
A = 152 K1 mole | 1,4,5,S—tatramethyl—Z,3—dimethoxycarbonylbicyclo[2.2.0]hega—Z,S—diene

- Zal
[in carhon tetrachloride, 90-120%1, AS” = -17 gibbs mois |, AH = 112 kd mole | .
The energy difference between disrotatory and conrotatery ring opening of cyclobutsne has

1 (57 kJ lee,1]! The substituent effect for 3 amounts to a

been estimatedS at 13 kcal mole
reductlon of the activation enthalpy by 35 KJ mole_q. Whilst this effect does not amount to

removal of the symmeiry-imposed energy barrier, it is non the less very considerably reduced.
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