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The Alder rule of maximum accumulation of unsaturation® has stimulated a number of ration-
alizations including stabilization of the endo transition state of Diels-Alder reactions by (A)
inductive (van der Waals or dipolar) forces®, (B) charge transfer,® (C) favorable geometry for
overlap,® (D) secondary bonding forces,S and (E) secondary orbital interactions.® In their com-
sideration of secondary orbital interactions, Woodward and Hoffmann made the prediction that
these same interactions which stabilize the endo [4 + 2] transition state should destabilize
the endo [6 + 4] transition state® - a prediction amply verified by experiment in that all known
[6 + 4] cycloadditions proceed stereospecifically 552.7

While the importance of secondary orbital interactions seems established, the predominantly
endo cycloadditions of cyclopentadiene with the mono-olefins cyc lopentene,® norbornene,® cyclo-
propene,lo and propenell-systems in which no secondary orbital stabilization is possible - have
indicated that (A) or (C) may be of over-riding importance, or that the exo tramsition state is
destabilized in these cases by steric repulsion of the methylene hydrogen of cyclopentadiene
and the alkyl groups of the mono-olefins.tP>2P

We report experimental support for the importance of secondary orbital interactions in
stabilization of the endo Diels-Alder transition state, and suggest that the steric repul-

sion hypot:hes:i.slb’zb

accounts satisfactorily for the stereoselective endo Diels-Alder additions
of mono-olefins with cyclopentadiene.
Since the reactive diene, 2,5-dimethyl-3,4-diphenylcyclopentadienone, I, undergoes stereo-

12 and stereospecific

specific endo [4 + 27 cycloadditions with cycloheptatriene7g and azepines
exo [6 + 4] cycloadditions with cycloheptatriene and tropone,’8, it was of interest to study

the cycloadditions of I with mono-olefins to determine whether stereoselectivity might be
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observed in the absence of extending conjugation in the dienophile.

Reaction of T*2 and cyclopentadiene (90°, 3 hours, benzene) resulted in the formation of
the Diels-Alder adduct, IT, mp 137° (11t.** mp 139°) (90%) and a second adduct, III, S mp 120°
(10%). The presence of an g, B-unsaturated ketome (ir, CCly: 5.98y, 6.02)), tertiary and
olefinic methyl groups (nmr, CoClg: 1.0ppm (3H)s; 1.95ppm (3H)9), and two olefinic protonms

(nmr, CoCle: 6.2ppm (2H)) established the structure of IIX.
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When II was heated at 105°, a rapid equilibrium with III was established consisting of 50
+ 3% of both II and III. When either II or III was heated in tetrachloroethylene at 90 + 1°,
rapid first order reactions occurred, (ki m k.1 = 4 x 10™% sec™ ) yielding an equilibrium mix-
ture (II/III = 48/52). Although Cope rearrangements are common in such systems,3*78°18 the
nearly equal stability of II and III was surprising in light of the strain expected in the
bridged ketone. However, steric interaction of the 2-Me and 6-Ph appears severe from models.
Most importantly, the Cope rearrangement established adduct II as the endo Diels-Alder adduct.

Reaction of I and excess cyclopentene (115°, 3 dafs, benzene) gave an oily mixture of
adducts which were inseparable by tlc, but could be separated by fractional crystallization
from ethanol. The structure of endo adduct IV, mp 109.5-110.0° (1it.*® mp 106°)(i.r., CCly;
5.64,) was proven by its identity to the product of catalytic hydrogenation of cyclopentadiene
adduct II. The nmr of the endo isomer IV displayed a sharp methyl resonance at 1.32ppm (cpcls).
The exo isomer v, 5 wp 180.0-180.5° (i.r., CCly; 5.64,) had a sharp methyl resonance at 1.15ppm

in the nmr. O
Me Me
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The nmr of the crude reaction product of I and cyclopentene displayed sharp methyl resonances
at 1.15 and 1.32ppm in a ratio of 56 + 2:44 + 2. Since both cyclopentene adducts proved to be
stable upon prolonged heating at 120°, the rates of exo and endo adduct formation are essentially
identieal.

To determine the stereoselectivity of the addition of cyclopentadiene to I, the crude mix-
ture from the reaction of I and cyclopentadiene was catalytically hydrogenated (5%Pd/C). The
nmr of the crude hydrogenate showed an intense resonance at 1.32 ppm due to IV, and a very minor
resonance at 1.15 ppm whose area amounted to less than 3% of the area of the 1.32 ppm resonance.
The cyclopentadiene addition is, therefore, at least 9T% stereoselective. Similarly, the reac-
tion of I and cycloheptene produced a mixture of exo and endo adducts, while cycloheptatriene
gave only the endo [4 + 2] adduct with I.78°%7

The presence of the second double bond in the dienophile transforms a nonselective process
into a stereoselective process and appears to stabilize the endo transition state by 2.5-5.0
kcal/mole. We have considered the possibility of stabilizing inductive forces between saturated
centers®®’*® and between dipoles® in the transition states and conclude that neither of these
forces provide a viable explanation of the results.

Since I reacts in a nonselective fashion with cyclopentene, it may be tentatively concluded
that the stereoselectivity of cyclopentadiene reactions with mono-olefins is due to steric
repulsions of the methylene hydrogen of cyclopentadiene with the mono-olefin substituent. In
our cases, only introduction of a second double bond in the dienophile results in stereoselectivity,
testifying to the importance of secondary orbital interactions in the stabilization of the emndo

transition state.
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