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Abstract: Acid-induced electrocyclic ring-closure of (2Z)-4-tert-butyl-3-methyl-2.4,5,7-tetraene acetals 3 afforded a
mixture of alkylidenecyclopentene dioxanes Z-4 and E-4. The lack of torquoselective effects on the electrocyclization
suggested the transition state structures for the two alternative conrotatory modes to have similar energies. The results
of an ab initio study of a model system at the DFT B3LYP/6-31G* level were consistent with this hypothesis.
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The presence of charged atoms in the structure of a compound can substantially decrease the free energy of
activation of molecular rearrangements.! This is due to a combination of often related factors, including, in
addition to the electronic effects of the empty or filled orbitals, enthalpic driving force, diversion of reaction
pathways through a non-concerted alternative, and greater delocalization of charge in the transition state.!
Examples of rate acceleration attributed to these effects are abundant among sigmatropic rearrangements,
particularly [3,3]-sigmatropic shifts (including aza-Cope) and ene-cyclizations, both of which can afford a variety
of ring systems, often with high degrees of stereochemical control.1.2

In connection with a broader study of the structural effects of substituents on the thermal rearrangements of
divinylallenes,3 we considered that changing the terminal vinyl aldehyde of 1 from E to Z geometry might reverse
the regioselectivity of its thermal cyclization, so that it occurred at its less-substituted vinylallene Cs-Cg, rather
than at the sterically congested terminus bearing the fers-butyl group.3 In the light of results indicating that (2Z)-
(di)vinylallenes with a methylene group at Cj could undergo other pericyclic reactions (mainly [1,5] sigmatropic
shifts of hydrogen)4a and that (2Z)-divinylallenals experienced facile 6e--electrocyclic ring closure to alkylidene-
2H-pyrans, 4 we decided to study the corresponding acetals 3. However, to our surprise, divinylallene acetal 3a
failed to cyclize at either of its vinylallene subunits upon prolonged heating in deuterobenzene (sealed tube, 24 h at
120 °C).
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Unexpectedly, attempts to obtain the corresponding aldehyde from 3a using a variety of mild deprotection
conditions3 led to a roughly 1:1 mixture of two isomeric products in short reaction times (5-30 min) and almost
yuantitative yield. These products were later identified as E- and Z-alkylidenecyclopentenes 4a by means of 1H
and 13C NMR spectroscopy. These stereochemical assignments were confirmed by the results of nOe difference
experiments, especially the observation of enhancement of the signal for Hy> upon saturation of the ters-butyl
group in Z-4a.

A Bu B
J\/. J 25 °C
& | R A 2
acid catalysis- E e}
@ al
3a E-4a

(see text)

Vinylallene acetal 3b and divinylallene acetal 3¢ also underwent this rearrangement, affording, atter
chromatographic separation, E- and Z-alkylidenecyclopentenes 4b and 4c, respectively, in high yield (92-96%).6
Thus, the reaction is not dependent on the presence of a second vinyl group. However, the 2Z geometry of the
vinylallene is necessary for the rearrangement, since, under standard deprotection conditions, the 2E-isomer of
3a (compound 9) cleanly gave the known divinylallenal 13¢ in 94% yield. Appropriate orientation of the
functional groups is thus an important determinant of the reaction pathway.
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A plausible mechanism for this rearrangement might entail initial formation of conjugated vinylallenyl (i.e.
dienyl) carbocation 10, followed by a Nazarov-type 4e--electrocyclic ring closure8 to allylic-type cation 11, and
trapping by the hydroxyether side-chain. This mechanism is reminiscent of that described by Tius for the
solvolysis of methoxyallenyl alcohols,? which also involves electrocyclic ring-closure of a 1-oxypentadienylic
cation, but leads to a-methylenecyclopentenones (rather than alkylidenecyclopentene-dioxanes) owing to the
different array of functional groups at the periphery of the intermediate cation.
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This acid-catalyzed cyclopentannulation apparently lacks the torquoselectivity of the cyclization of
divinylallenes to alkylidenecycobutenes process (1-->2), suggesting that here the bulky zerz-butyl group (the main
factor controlling the stereochemistry in 1-->2)3: has virtually no stereochemical influence on the cyclization.
This, in its turn, suggested that the transition states for the inward and outward conrotatory cyclization modes are
similar. To confirm that the proposed mechanism was consistent with this hypothesis, we carried out ab initio
calculations at the DFT B3LYP/6-31G* level,10.11 op the two alternative transition-state structures (TS) of model
vinylallenium cation 12. The difference in activation energies for the two TS was negligible, the formation of E-
13 being favored over that of Z-13 by 0.56 kcal/mol. The activation energies (7.86 kcal/mol and 8.41 kcal/mol
for E-13 and Z-13, respectively) were small and similar to the values of 9.9 kcal/mol and 1.3 kcal/mol, calculated
at the RHF/3-21G and MP2/6-31G* levels of theory, respectively, by Houk!?2 in a study of the gas-phase
electrocyclization TS of pentadienylcations.
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In summary, we report a new variant of the Nazarov cyclization!3 in which divinylallene acetals undergo
facile rearrangement to alkylidenecyclopentenes by a mechanism consistent with electrocyclic ring-closure of a
pentadienyl carbocation. Work to explore the synthetic potential of this reaction, including examination of its
stereochemical aspects and the effects of using other acetal protecting groups, is in progress. 14
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Satisfactory spectroscopic data (\H NMR, 13C NMR, IR, UV) were obtained for all new substances
reported in this paper. Elemental compositions were determined by high resolution mass spectroscopy
after purification by HPLC.
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