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Abstract: Radical ring opening reactions of cyclopropyl ketones mediated by samarium(Il) iodide-induced single
electron transfer have permitted the elaboration of a tandem rearrangement cyclisation strategy. The resultant
samarium enolates may be effectively quenched on oxygen or carbon by electrophiles.

Although a vast array of preparatively useful free radical reactions have been used in organic synthesis in
the past decade, the necessity for processes which lead to concomitant incorporation or retention of useful
functionality for further manipulation has been increasingly recognised in recent years.!

As part of our interest in the development of useful sequences featuring the cyclopropylcarbinyl
homoallylic radical rf:arramgcmcnt,2 and with the above concept in mind, we elected to examine the single
electron transfer induced ring opening reactions of cyclopropyl ketones (1), as outlined in Scheme 1.
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We were particularly attracted by the inherent synthetic potential of intermediate (2), which results from
stereochemically controlled®2 ring cpening of the exocyclic cyclopropyl carbon-carbon bond in a bicyclic
system. Thus, in the first instance (but subject, of course, to the nature of metal M), formation of a
regiospecific enolate provides obvious opportunities for subsequent reaction with ¢lectrophiles. Of equal
import, however, the generation of the new carbon-centred radical in (2) offers possibilities not only for simple
hydrogen atom abstraction from solvent, but also for further controlled intramolecular carbon-carbon bond
formation by judicious introduction of a pendant chain possessing an unsaturated radicophilic acceptor.

Although many examples of radical additions and electron transfer reactions to cyclopropyl ketones have
been documented,* the formation of strongly basic dianions by further electron transfer or hydrolysis has, in
many cases, effectively precluded both the operation of free radical chemistry and controlled enolate reactions.
The overall utility of such a sequence has consequently been undervalued.

As part of a more extensive study,5 we now report that samarium(Il) iodideS/tetrahydrofuran/DMPU7 is an
effective reagent which fulfills the necessary criteria for efficient generation of intermediates (2). Indeed, during
the course of our own work, a single example of a spirocyclic cyclopropyl ketone cleavage using samarium(II)
iodide in the presence of an iron(IIT) catalyst has been described.8 The reaction conditions reported by these
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Table 1: Reaction of Cyclopropyl Ketones with Samarium(Il) Iodide / THF / DMPU

Entry Reactant Ketone Product Ketone Yield
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1 399
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2 34%"
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4 79%"
5 57%
6 36%
7 77%"
8 36%
9 45%"

CO,Et

* Isolated as a mixture of diastercomers
t Isclated as a mixture of geometric isomers
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authors, however, involving hydrogen atom abstraction from solvent and protic media, effectively prevented
full exploitation of the system in terms of further carbon-carbon bond formation.

The preliminary results for a variety of readily assembled substrates involving dropwise addition of
samarium(I) iodide to a solution of the ketone in tetrahydrofuran - DMPU (9:1) followed by hydrolytic work
up9 are given in Table 1. Initially, we chose to examine the simpler bicyclo[4.1.0] derivatives (entries 1 and 2)
which proceeded with the anticipated?>* kinetic regioselectivity under stereoelectronic control. In sharp
contrast, however, the trans-disposed monocyclic system (entry 3) afforded the linear methyl ketone as the sole
regivisomer to be isolated. This result is clearly of interest for further study; it differs markedly from those
obtained on similar zrans-cyclopropyl ketones using such varied systems as lithium-ammonia,'® neat
tributylstannane!! and zinc-chlorotrimethylsilane.> Entries 4 - 9 illustrate the potential, through differing
connective placement of a radical aceepting chain, for a tandem rearrangement - 5-exo protocol which may be
used to generate a variety of linearly fused, spirocyclic or bridged bicyclic structures, even with relatively
unactivated traps.

Since the overall process should also result in some form of samarium enolate, it was also of considerable
interest to examine whether such species could be effectively quenched or used for further in situ carbon-
carbon bond formation. In this respect, it is pertinent to note a recent observation by Curran in which a
samarium enolate was trapped by an aldehyde to give a product derived by aldolisation and subsequent
Tischenko reaction.!? Examination of the results in Table 2 reveals that direct formation of both enolic
derivatives and carbon alkylated products is possible under the reaction conditions. Comparisons with the
yields in Table 1 suggests that these reactions approach those of simple hydrolysis in terms of overall
efficiency.!3 Moreover, the examples cited indicate that both tri- and tetrasubstituted samarium enolates can be
usefully employed,

Table 2; Trapping of Intermediate Samarium Enolates with Electrophiles

Stereochemistry o to the carbonyl group has yet to be established
2,6-Lutidine was also added in these cases
n.0.e. experiments confirmed the enol-acctate geometry

Reactant Ketone Electrophile Product Yield
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In summary, the present tandem rearrangement cyclisation strategy using cyclopropyl ketone substrates is

made possible by virtue of the unique properties of samarium(II) iodide, which fulfills a dual réle in this
instance, acting as a clean one electron reducing agent and generating useful metal enolates.

We thank SERC and Quest International for the provision of a CASE studentship.
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