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AN INTRAMOLECULAR 4+3 CYCLOADDITION-
VINYLOGOUS GROB FRAGMENTATION ROUTE TO A
TRICYCLO[6.3.0.024]JUNDECENE RING SYSTEM

Michael Harmata* and Saleh Elahmad

Department of Chemistry, University of Missouri-Columbia, Columbia MO 65211

Summary: Solvolysis of chloroketone 6 in 3M LiClOj4 in ether in the presence of base gave cycloadduct 2a
stereoselectively and in good yield. This cycloadduct could be further transformed via a vinylogous Grob
fragmentation to the tricyclo[6.3.0.024] undecene ring system 10 in good yield.

As part of a program involving the study of intramolecular 4+3 cycloadditions of allylic cations, we have
begun an investigation of the cycloaddition reactions of cyclic alkoxyallylic cations with dienes.] Attempts to use
methodology we had developed previously to effect the cyclization of 1a or 1b failed to yield any cycloadduct.12
Thus, treatment of 1a or 1b with TiClg in CH»Cl at -780C resulted in the formation of very small amounts of a
carbonyl-containing compound which , while unidentified, was clearly not cycloadduct 2a or 2b (Equation 1).
Reasoning that the cycloadducts were probably unstable to the reaction conditions, we decided to use milder
methods to generate the requisite allylic cations.
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Equation 1
The methodology introduced by Féhlisch appeared ideal to solve our prob]ems.2 An appropriate substrate to
test intramolecular cycloaddition was synthesized as shown in Scheme 1. Treatment of methyl 2-cyclopentanone

carboxylate with sodium hydride and alkylation of the resultant stabilized enolate with 2-(3-iodopropyl)furan gave
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ketoester 4 in 91% yield. A Krapcho decarboalkoxylation gave ketone 5 in 79-84% yield.3 Treatment of 5 with
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Scheme 1

LDA followed by triflyl chloride4 gave the chloroketone 6.This was dissolved without purification as a .1M
solution in 3 M LiClOy4 in ether in the presence of excess triethylamine. Cycloadduct 2a was isolated in 55% yield
for two steps as a 16:1 mixture of stereoisomers. The stereochemical assignment was made on the basis of X-ray
analysis of dihydro-2a. An ORTEP plot is shown in Figure 1.5:6

It should be noted that 2a is a fused 5,8 ring system. Formation of an open eight membered ring requires the
cleavage of one each of the sets of bonds labelled a and b in 2a. In view of the large number of interesting natural
products containing a fused 5,8 ring system,” we undertook a study aimed at the conversion of 2a to such a
carbocycle.

To that end, 2a was treated with excess n-BuLi according to a procedure introduced by Lautens and co-
workers.8 This gave compound 7 in 77% isolated yield.9 We conjectured that activation of the secondary
hydroxyl group and treatment with base would effect a Grob fragmentation leading to 8.10 Accordingly, treatment
of 7 with either triflic or tosic anhydride in dichloromethane in the presence of 2,6-lutidine was expected to give
the corresponding triflate or tosylate derivative. This was not the case. Instead, a rearrangement best described as
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a vinylogous Grob fragmentation took place to give 10 as a single isomer in very good yield.11 Presumably
alkene assisted departure of the leaving group and carbon-carbon bond fragmentation occurred in a stepwise or
concerted fashion to lead to 10. Alkene participation of this type is well known,12

The structure of 10 was established on the basis of spectral data. IR showed a band at 1713 cm’), indicative
of a ketone. Low resolution mass spectrometry gave a parent ion at 288 m/e. The 13C and DEPT spectra showed
a total of 20 carbons: 2 methyls, 11 methylenes, 4 methines and 3 quaternary carbons. In particular, quaternary
carbons at 213, 135 and 132 ppm suggest the presence of a ketone and a tetrasubstituted alkene. The 1 bond C-H
coupling constant for methines at 48, 22 and 17 ppm were around 170 Hz, suggesting the presence of a
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Scheme 2

cyclopropane ring. Finally, a COSY spectrum revealed a connectivity establishing the presence the presence of the
fragment shown in Figure 2. NOESY studies were not helpful in confirming stereochemical relationships and
these assignments are based on mechanistic considerations.

Attempts to derivatize 7 as a benzoate ester were successful, but treatment with base resulted only in the
formation of elimination products. Removal of the double bond in 7 by hydrogenation and fragmentation attempts
have thus far led only to elimination or rearrangement products.

In summary, we have found that a cyclic oxyallylic cation undergoes smooth intramolecular 4+3 cycloaddition
stercoselectively and in good yield. The adduct can be transformed to a tricyclof6.3.0.024]undecene system via a
vinylogous Grob fragmentation. Further studies of the intramolecular 4+3 cycloaddition of cyclic allylic cations
and the chemistry of the cycloadducts are in progress and will be reported in due course. 13,14
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