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SELECTIVE TRAPPING OF REARRANGED SPIROCYCLIC ISODICYCLOPENTADIENES BY TROPONE
Leo A. Paquette,* Susan J. Hathaway, and Judith C. Gallucci®

Evans Chemical Laboratories, The Ohio State University, Columbus, Ohio 43210

Summary: The unparalleled substituent-dependent regulation of the course of cycloaddition re-

actions between isodicyclopentadienes and tropones is described.

[6+4] and [3+4] cycloadditions to isodicyclopentadiene (%) are now recognized to proceed
with predominant exo face se]ectivity,3 in contrast to Diels-Alder reactions which normally oc-
cur from the endo face.“ A showcase example is the condensation with tropone (C¢H.,RT, 9 days)
that leads predominantly to % (71%) and é (15%). The companion formation of 5 {10%) arises from
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[6+4] capture of the [1,5] hydrogen shifted diene isomer 2. Since the concentration of 2 at
20°C is known to be very 1ow,5 its relative reactivity toward tropone must be greater than that

of i. This conclusion is supported by results which materialize at higher temperatures where

the 1 2 2 interconversion rate is accelerated. For example, 5 constitutes the major product
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(78%) in refluxing benzene.
Past experimental studies have shown the intermolecular tropone-cyclopentadiene reaction
to be sensitive to steric factors present in either reaction partner. The present system is no
exception. Thus, heating i with 2-methyltropone in refluxing benzene for 6 days provided { as
the only detectable adduct. The structure and stereochemistry of this ketone were established

by X-ray analysis (Figure 1). Its characterization requires that & be the reactive diene partner,
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with [4+2] cycloaddition to the methylenenorbornane double bond proceeding in anti-Alder fashion.
Under identical conditions, 2-methoxytropone gave rise to 8 (75%) and 3 (25%). The obvious re-
versal in regioselectivity is consistent with expectations based on molecular orbital considera-
tions.s Structural assignments to this pair of adducts were made on the basis of detailed ®H
NMR comparisons with the spectra of { and 3, respectively.

Additional intriguing results were encountered when the spirocyclic derivatives %9% and
%ggg were heated to 80°C with tropone (CsHe, 4 and 6 days, respectively). In the first instance,

a single product was isolated following chromatography and identified by X-ray analysis as QA

{CHp), N=4 H

(Figure 2). The relative orientation of the carbonyl group and spirocyclopentane ring is note-
worthy.10 With 10b, the isomeric products ]2 (66%),1L§ (17%), and A4 (17%) were formed. Know-
Tedge of the 'H NMR spectra of é and ]1 proved invaluable in deducing the carbon skeletons of

these molecules. The syn/anti distinction between l% and Qg was arrived at from chemical shift

considerations.®
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These findings signal that %9% and J@E are not particularly reactive toward tropone.
More significantly, the adduct structures reveal that extensive carbon and hydrogen [1,5] sig-
matropy has occurred to gain access to isomer 15 (Scheme I). The closest literature analogies
of which we are aware are the thermal interconversion of 4- and 5-methylspiro(2.4]hepta-4,6-
dienes at 240-270°C,11 and gas phase isomerization of cis- and trans-6,9-dimethylspiro(4.4]-

12 .
nona-1,3-diene at 230-280°C. However, no isomer specific trapping experiments have previously
come to light. One notable feature of the cycloadditive behavior of 13 is the regioselec-
tivity of its cycloaddition chemistry. Steric factors undoubtedly contribute to the minor in-

volvement of its expectedly more reactive norbornene double bond.
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In summary, isodicyclopentadiene (%) reacts with 2-substituted tropones via its bond
shift isomer Q to give principally Diels-Alder adducts of the type Z and 8. The involvement
of é is particularly notable since its reactivity in the Diels-Alder reaction is recognized
to be the Towest of the three isomeric dienes.5C Spiroalkylation of ] as in 10 results in
steric retardation of the [6+4] pathways normally available to 4. Instead, ske]eta1bisomer1-
zation to R (and the corresponding spirocyclopropane) occurs as Tow as 80°C and precedes

13

cycloadditive capture.
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Figure 1. ORTEP diagram of {- Figure 2. ORTEP diagram of @l.
Non-hydrogen atoms are drawn with 50% probability ellipsoids.
Hydrogen atoms have been drawn artificially small.
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Control experiments have shown that % decomposes at these more elevated temperatures.
Ketones i and g do not share this property.

A1l of the cycloadditions reported herein proceed with lTow to moderate conversion. The
percentage values cited reflect the relative amounts of substance in the cycloadduct
mixture.
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