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The exclusive anti-m-facial selectivity in the Diels-Alder
reaction of 5-formylpentamethylcyclopentadiene, Cp*-CHO, was
proposed to come from the n-HOMO distortion of the diene due
to the perturbation by low-lying w* orbital on the substituent.
The role of the rt* orbital was experimentally substantiated by a
considerable amount of syn-attack products in the reactions of
Cp*-CH=NOH and Cp*-CH=CH?2 having high-lying substituent
n* orbitals.

Recently, the orbital mixing rulel,2 was applied to the
prediction of the selectivity3 in the Diels-Alder reactions of
cyclopentadienes having substituents of m-systems at 5-positions,
such as 5-cyano-, 5-carboxy-, and 5-(ethoxycarbonyl)cyclo-
pentadienes, 1a, 1b, and 1¢.% Syn-n-facial preference observed
in the reactions of the corresponding pentamethylcyclo-
pentadienes 2a,b,c was in good agreement with the predicted
nonequivalency of ®-HOMO due to ¢ mixing through the
interaction with the m-orbital on the substituents.> These results
allowed us to deduce that 5-formylcyclopentadiene 1d (or 2d), a
typical candidate of this class of dienes, should react with syn r-
facial preference. However, Adam et al. reported that the diene
2d (X= CHO) reacts with exclusive anti n-facial selectivityA6
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In this paper, we will disclose the origin of the selectivity in
the reaction of S5S-formyl diene 2d and demonstrate that the
orbital mixing rule is generally applicable to the reactions of
cyclopentadienes having 5-substituents of m-systems, when the
relative energies of the m-HOMO of the diene and the m and n*
orbitals on the substituent, ex-HOMO, &x, and ex*, are
considered.

Application of the orbital mixing rule to such a system was
classified into two categories, depending on the relationship of
the orbital energies, ex-HOMO, €x, and ex* (Figure 1). When
the n* orbital lies much higher than the n-HOMO, the
participation of the m* orbital in the orbital mixing is negligible.
The n-HOMO of the diene combines with the low-lying & orbital
out of phase and mixes the o orbital of carbon framework out of
phase with respect to the n orbital. The resulting FMO distorts to
favor the reaction at syn side of the substituent (Case A:
Y(FMO)= n-HOMO - t + 0).

On the other hand, when the n* orbital lies low enough to
interact with the x-HOMO, the participation of the n* orbital
needs to be taken into account. This is the case with 1d (or
2d). Combination of the t-HOMO with the high-lying nx orbital

in phase, followed by mixing of the o orbital out of phase with
the rvx orbital gives the FMO, which distorts to favor the reaction
at anti side of the substituent (Case B: W(FMO)= n-HOMO + nx
- 0).
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Figure 1. Direction of nonequivalent extension of the FMO of 3-substituted
cyclopentadiene 1 Cp-X on the basis of the orbital mixing rule, where X is a
carbon substituent of a w-system.

The predictions were examined by theoretical calculations.
The molecular geometry of 1d was optimized by ab initio
calculation (RHF 6-31G*)7 to be a Cs symmetric structure. The
contour map of the section of x= 0.100A of the FMO clearly
indicated the in phase relationship between the t-HOMO and the
n*. The FMO does distort to favor the reaction at the anti side of
the formyl moiety in agreement not only with the prediction from
the orbital mixing rule of case B, but also with the observed
selectivity in the reaction of 2d (1d: Figure 2).

The theoretical prediction was substantiated by the selec-
tivities in the reactions of the modified dienes, 5-[(hydroxy-
imino)methyl]- and 5-vinylpentamethylcyclopentadienes, 2 e and
2f Since the orbital mixing of case A should be more
significant in those dienes,8 it is expected that the reactions of the
dienes give syn-attack products at least to some extent, although
it had been implied that anti addition was the exclusive mode of
cycloaddition with the reaction between 2f and maleic
anhydride‘9 On the other hand, if the reason of the anti selectivity
in the reaction of 2d was largely steric repulsion as reported by
Adam et. al,6 the dienes should react with exclusive anti 7t-
facial selectivity.

At first, ab initio molecular orbital calculation of the model
dienes 1le and 1f was performed (RHF 6-31G*). In
consonance with the prediction from the mixing rule of case A,
the contour map of the FMO of 1f at the section of x= 0.100 A
showed the out of phase relationship between the x-HOMO of
the diene and the zt on the vinyl moiety (1f Figure 2).10 The
FMO distorts inwardly on the syn sides of the vinyl moiety.

The dienes 2ell and 219 were prepared and subjected to the
reactions with N-phenylmaleimide (NPM) in carbon tetrachloride
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Figure 2. Contour maps of the FMO of 1d and 1f (at the sections of x=
0.100 and 0.900 A) calculated with 6-31G* basis set. The dienes are Cs
symmetric with respect to yz plane. The Cp rings are in xy plane and C-1
and C-4 carbons of 1d and If are at (+1.175.0.0) and (=1.180. 0. 0),
respectively. The absolute value of the largest contour line is 1.25x10>AU
for the plot of the x=0.100 A section and 5.0x103AU for the plot of the
x=0.900 A section. The heights of adjacent contours differ by a factor 2.
The contours of the highest absolute value in the plots of 1d and 1f (x=
0.900 A section) are observed at the anti and syn sides of the substituents,
respectively.

at 25 °C. In both cases, formation of considerable amount of syn
attack products 3e and 3f was observed. 11,12 p contrast, the
reaction of 2d with NPM gave exclusive formation of the anti
attack product 4d (Scheme 1). These results very clearly attest to
the correctness of the prediction based on the orbital mixing rule.
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2d-f 3e,f (syn) 4d-f (anti)
d: X= CHO, syn/anti®= 0/100 (96%),
¢: X= CH=NOH, syw/anti®= 50/50 (88%),
f: X= CH=CH,, syn/anti®= 33/67 (66%).
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Scheme 1. deterinined on the basis of 'H-NMR.
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