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In recent years numerous synthetic methods have been developed which allow for the transformation

of a functionalized secondary carbon center into a quaternary center, 1 an integral process in the synthesis

of spiro compomds2 (eq 1). However, the adaptations of these methods to the elaboration of such ring
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systems, particularly the spiro[4.5]decane (1) and spiro[5. 5lundecane (2) subunits common to various
natural products, 3 frequently require multi-step sequences which, consequently, attenuate the applicability
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of these strategies. The recent ﬁnding4 that 3-acetoxycyclohex-2-enone is converted upon reaction with
lithium dimethylcuprate into 3, 3-dimethylcyclohexanone suggests that the reaction of these and related
3-substituted enones with cuprate reagents of the type §_5 would serve as a convenient single-step method
for the synthesis of spiroalkanes. This communication describes the preliminary results of studies on the
preparation of this new type of cuprate reagent and its use as a spiroannelating agent.
Reagent 32 was prepared by the addition (5 min) of 1, 4-dilithiohutane6 (1 equiv, 0.24 M ether)to a
vigorously stirred suspension of copper (I) dﬁophenoxide7 [CuSPh (2 equiv)] in tetrahydrofuran-hexane
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maintained at -78°, followed by warming to -30° (5 min) and recooling to -78°. The formation of a copper
based reagent of the type 3a in this preparation was determined by a trapping experiment using benzoyl
chloride (2.1 equiv) which afforded upon standard work-up diketone 18 in 60% yield. As such, the reaction
of 3a with benzoyl chloride parallels that found for the related alkyl (hetero)cuprates7 and is contrasted by
the reaction of 1, 4-dilithiobutane with benzoyl chloride (conducted under the above conditions in the
absence of CuSPh) which provided a complex mixture of products containing less than 5% of diketone 4.
The preparation and reactivity of reagent 3b followed that found for 3a. Thus, addition of 1, 5-dilithiopen-
ta.ne6 (1 equiv) to a suspension of CuSPh (2 equiv) in tetrahydrofuran-hexane (-78 °) followed (30 min) by
quenching with benzoyl chloride (2.2 equiv) provided diketone 28 in 55% yield.
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The suitability of the above reagents in the aforementioned spiroannelation strategy was initially
examined using 3-acetoxycyclohex-2-enone. In striking contrast to the reaction of this substrate with
dialkylcuprates, its reaction with reagent 3a proceeded with cleavage of the oxygen-acetyl bond to provide
mainly cyclohexan- 1, 3-dione rather than the expected spiro compound. However, screening of other
3-substituted enones eventually led to the finding that the readily available 3-chloroenone59 serve as
suitable substrates for the desired spiroannelation process. Thus, chloroenone 6a (0.5 equiv, 1M ether)
was added (30 min) to reagent 3a (1.2 equiv, suspension in tetrahydrofuran-hexane at -78 °) and the
resulting mixture stirred for 2 hr at -78° and subsequently allowed to warm slowly to ambient temperature.
Standard work-up gave the spiroketone Zﬁlo in 60% yield. The structure of 7a was confirmed by its
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conversionll to 1, an authentic sample of which was prepared from a similar reduction of ketone 8.

Analogous to the spiroannelation of 6a, compound 6b reacted with reagent 3a to give the substituted
spiro[4.5ldecanone 7b in 55% yield. The spiro[5.5lundecanone 9 was obtained in 40% yield from the
annelation of 6a with reagent 3b. Since the procedure used for these spiroannelations was not optimized
for the individual cases, the lower yield found in the formation of 9 relative to 7a and 7b presumably re-
flects the relative rates of closure to the six- and five-membered rings.

The mixed alkynyl cuprate 3c, 1:)1'epared]‘2 from the reaction of 1, 4-dilithiobutane with pentynyl-
copper, was also found to be effective in the above spiroannelations. However, the yields of 7a and 7b
obtained with this biscuprate (3c) were approximately 15% lower than the yields found using the thio-
phenoxy reagent 3a. Finally, the spiroannelation strategy is readily extended to bromoenones as evi-
denced by the formation of the spiro[4.4lnonanone 11 in 60% yield from the reaction of 10 with the
biscuprate 3a.

The spiroannelation method described above compares favorably in regard to efficiency with current
multistep methods (eq 1) for the preparation of spiro{4. 4Inonanes, spirof4.5]decanes, and spiro[5.5lun-
decanes. We are continuing to investigate the scope of this method, the properties of the above cuprate

reagents and related metallocycles, and the preparation of analogous functionalized reagents.
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