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Abstract: A versatile route for the synthesis of d-lactones via oxidation of tetrasubstituted
cyclopentanones is described. Each step in the synthetic pathway from cis-2-oxabicyclof3.3.0Joct-6-en-2-
one to the ketones proceeds with excellent regio- and stereoselectivity and in good yield. Baeyer-Villiger
oxidation of the cyclopentanone 21 with a further methyl substituent at C-1' of the side chain gives a
single 8-lactone 22 whereas a 3:1 mixture of regioisomers 12 and 13 is obtained from the analogue 11
with no substituent at C-1'. © 1997 Elsevier Science Ltd.

The §-lactone moiety is a common feature of many natural products including those isolated from
insects, plants, fungi and marine organisms.! Staunton, Leadlay and co-workers have also isolated two
highly substituted 8-lactones from genetically modified Streptomyces coelicolor.2 In addition, 8-lactones
such as Prelog-Djerassi lactone have proved valuable as intermediates in the synthesis of complex
molecules.3 Therefore a strategy giving access to variously substituted 3-lactones for the synthesis of

natural products and their analogues for biological assessment and further building blocks for synthesis
would be highly desirable. We now describe a general strategy for the preparation of tetrasubstituted 8-
lactones from cis-2-oxabicyclo[3.3.0]oct-6-en-3-one 1 using the approach outlined in Scheme 1.
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Scheme 1

Results and Discussion
The synthesis of the target compounds requires the introduction of methyl groups from the less
hindered exo-face at both C-6 and C-8 of the bicyclic framework. We envisaged that an organocopper
promoted anti-SN2' type attack on the isomeric unsaturated lactone 3 (Scheme 2) would give the required
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8B-methyl substituent. However, from literature precedents of organocopper based reactions on similar
systems it was difficult to predict the outcome with any certainty. Commonly the products of anti attack are
obtained; however, the regioselectively has varied from almost exclusive SN2'4 to SN25 as well as a
mixture of both® depending upon the substituents on the bicyclic framework and upon the reagent used.”
Allylic alcohol 3 was prepared in 88% yield from lactone 1 by a modification of the procedure of
Corey and Mann.5 A one-pot hydrolysis and iodolactonisation of 1 gave iodo-alcohol 2 (Scheme 2).
Protection of the alcohol as the TBDMS ether and elimination of HI using DBU gave, after removal of the
protecting group with TBAF, the required allylic alcohol 3. (It is necessary to protect the alcohol during the
elimination reaction to prevent epoxide formation.) Treatment of 3 with lithium dimethylcuprate gave a
disappointing 3:2 mixture of 4 and § in 72% yield arising from competing SN2' and SN2 attack on the
allylic lactone moiety. Similar results were obtained on treatment of the analogous TBDMS ether with
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Reagents: i) NaOH thenr 1;; ii) a. TBDMSCL, imidazole; b. DBU, heat; c. TBAF; iii) MeMgBr, Me,$.CuBr,
iv) H,O;, AcOH; v) DIBALH then MeOH, H*; vi) a. Me,CuLi; b. KH, Mel;vii) a. H*, MeCN; b. NaBH,;
viii) a. TBDMSCI, imidazole; b. PDC, DMF; ix) MCPBA, NaHCO,.

Scheme 2
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lithium dimethylcuprate. In contrast, reaction of allylic lactone 3 with 3 equivalents of the reagent derived
from methylmagnesium bromide and one equivalent of copper (I) bromide: dimethy! sulfide8 gave the
required 8B-methyl derivative 4 in 90% yield (only 2% of the 63-methyl lactone 5 was obtained).

A variety of conditions were then examined to prepare the required endo-epoxide 6.9 Treatment of 4
with dimethyl dioxirane (DMDO)!0 gave a 3:1 mixture of endo:exo epoxides 6 and 7 in 78% yield whereas
with hydrogen peroxide and acetic acid a pleasing 11:1 mixture of endo.exo epoxides was obtained, which
were readily separated by flash chromatography. The second methyl group was introduced via an
organocuprate reaction, but first it proved necessary to protect the lactone as the acetal 8. Opening the
epoxide with lithium dimethylcuprate then proceeded with complete regio- and stereocontrol giving, after
protection, methyl ether 9 in 86% yield.

To complete the synthesis of cyclopentanone 11, the acetal was hydrolysed to the lactol and
subsequently reduced with sodium borohydride to give diol 10. Selective protection of the primary alcohol
as the TBDMS ether and oxidation of the secondary alcohol with PDC gave 11. The final stage of the
synthesis of the target &-lactone was a Baeyer-Villiger oxidation. It is well established that the
regiochemical outcome of the Baeyer-Villiger reaction can be predicted by the migratory aptitude of the
neighbouring groups to the ketone.!1! However, in this case both a-centres are trisubstituted and so it was
of interest to investigate the effects of more remote substituents on the outcome of this reaction. Previous
studies have shown that oxidation of cyclopentanone 14 with MCPBA gave a single regioisomer 15 with
insertion of oxygen occurring away from the hydroxyl group.12 We found that treatment of cyclopentanone
11 under similar conditions gave a 3:1 mixture of lactones 12 and 13.
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Many of the naturally occurring 8-lactones e.g invictolide12 have an additional methyl substitent at
C-1'. Our approach may be simply adapted for the preparation of such compounds as shown in Scheme 3.
Treatment of lactone 3 with LDA and methyl iodide introduced the methyl group to the less hindered exo-
face at C-4. Reaction of the allylic lactone 16 with lithium dimethylcuprate proceeded smoothly, with
concommitant rotation at C-4, leading to methyl substituents at the 4a- and 8f3- positions in 17.
Surprisingly epoxidation of the alkene 17 proceeded with greater stereocontrol than in the case of 4
(without the 4a-methyl group) giving 18 as the sole product. Acetal formation and epoxide opening with
lithium dimethylcuprate gave alcohol 19. In view of all the molecular acrobatics which had occurred during
this synthetic sequence it was essential to establish unequivocally the structure of 19. This was achieved by
NMR studies on 19 and from X-ray crystallography of the crystalline acetate 20 prepared from 19.
Following an analogous pathway to that delineated above, alcohol 19 was converted to cyclopentanone 21
in 61% yield. Interestingly in contrast to oxidation of cyclopentanone 11, Baeyer-Villiger oxidation of 21
occurred with complete regioselectivity giving lactone 22 as the sole product.13
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Reagents: i) LDA, Mel, ii) MeMgBr, Me,5.CuBr; iii) H,0,, AcOH; iv) a. DIBALH then MeOH, H*; b. Me,Cul.i;
v) a. Mel, KH; b, H*, MeCN; c. NaBH,; d. TBDMSC], imidazole; e. PDC, DMF; vi) MCPBA, NaHCO,.
Scheme 3

Clearly the factors that determine the regioselectivity of the Baeyer-Villiger reaction in these systems are
quite subtle and investigations are in hand to delineate these effects.
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