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Abstract: We describe a new general method for the synthesis of medium-sized 

lactones under mild conditions involving S-scission of alkoxy radicals derived 

from catacondensed lactols as a key step and its application to an efficient 

new synthesis of a naturally occurring lo-membered lactone, phoracantholide I 

L(t)-decan-9-elide]. 

As part of our program to explore the potential of S-scission of alkoxy 

radicals for organic synthesis,‘ we have recently reported a new and versatile 

method for transforming five- and six-membered cyclic ketones as starting 

materials into cyclic ethers with the same ring size via 4 steps. 3 The 

method involved a regiospecific B-scission of C-C bond of the alkoxy radicals 

generated from the lactols derived from the cyclic ketones. 

We wish to report herewith a new general method for the synthesis of 

medium-sized lactones under mild conditions involving a regioselective S- 

scission of alkoxy radicals generated from catacondensed lactols as a key step 

and its application to an efficient new synthesis of a naturally occurring lo- 

membered lactone, phoracantholide I [(+)-decan-9-olidel isolated from the 

metasternal secretion of the eucalypt longicorn, Phoracantha SynonymA. 4 

Since its isolation from the beetle, phoracantholide I has been the target of 

several groups of synthetic organic chemists using many different approaches. 5 

The synthetic sequence described in this paper, however, may perhaps be one of 

the simplest ones ever reported. 

Our method uses cyclic ketones as the readily available starting materi- 

als as outlined in Scheme 1. The reaction of enamines 1 or trimcthylsilyl enol 

ethers 2 of cyclic ketones with electrophiles such as epoxides or protected w- 

hydroxyalkyl halides under appropriate conditions, followed by the removal of 
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Scheme 1. 5 1 2 

the protecting group of the product with weak acids give w-hydroxyketones 3, 

most of which exist as the catacondensed lactols 4 in solution. 
6 The irradia- 

tion of the hypoiodites of 4 generated in situ with an excess of mercury(I1) -- 

oxide and iodine 
7 

in benzene containing a small amount of pyridine 
3 

readily 

leads to a ring-expansion to give lactones 5 containing an iodine, by a regio- 

selective scission of the catacondensed bond of the intermediary alkoxy 

radical. 
3 

The smooth removal of the iodine atom of 5 with tributyltin hydride 

completes the synthesis of the medium-sized lactones 6. 

As the first model substrate, we chose a catacondensed lactol 4a(n=4,m=l, __ 
R2=C6H5) which was prepared by the reaction of l-pyrrolidinyl-l-cyclohexene (1) 

(n=4) with styrene oxide, according to the reported procedure. 
6 The lactol 

was treated with mercury(II) oxide-iodine-pyridine and then irradiated to give 

a g-membered lactone 5a8 -.. (n=4, m=l, R2=C6H5) in 52% yield. The analogous re- 

action of the catacondensed lactol 4b (n=4, m=l, R2=CH3), prepared by the re- 
-._ 

action of 1 (n=4) with propylene oxide, gave a g-membered lactone 5b (n=4, m=l, 

R2=CH3)' - 
__ 

in 53% yield. We then set out to synthesize lo-membered lactones. 

The trimethylsilyl enol ether of cyclohexanone (2)(n=4) was transformed into 

the lithium enolate with methyllithium in DME at -2OOC. 
10 

The alkylation of 

this lithium enolate with l-iodo-3-(l'-ethoxyethoxy)-propane 

R2=H, m=2) gave an a-alkylcyclohexanone 3 [R1=CH(CH3)OC H 

[R1=CH(CH3)0C2H5, 
2 

122 5, R =H, il=4, m=2] 11 

which was hydrolyzed with aqueous acetic acid-acetone to give trans cyclic -- 

lactol 4c (n=4, m=2, R2=H).13 The lactol was transformed into a hypoiodite 
_I 

with an excess of mercury(II) oxide, iodine and pyridine in benzene. The irra- 

diation of the solution with a 100-W high-pressure mercury arc through a Pyrex 

filter gave a lo-membered lactone, 6-iodononan-9-olide (5~) (n=4, m=2, R2=H) 
14 

5_ 
in 79% yield. The usefulness of the present methodology has been shown by the 

synthesis of phoracantholide I as outlined in Scheme 2. The lithium enolate 
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(a) MeLi, DME -20’ (b) ICH2CH2CH(CH3)0EE, HMPA, THF, -20°-r.t. 

(c) AcOH, Acetone, H20 (d) HgO, 12, Py, Benzene 

(e) hv (f) Bu3SnH, Benzene, r.t. 

derived from silyl enol ether 7 reacted with 1-iodo-3-(l'-ethoxyethoxy)- 

butane15 to give an a-alkylcyclohexanone 8. 
16 

The removal of its protecting 

group with aqueous acetic acid-acetone at room temperature gave a 1:l mixture 

of A/B cis- and trans-l-oxa-2-methyldecalin-9-01s (9) and (10)17 which is _." 
separable by TLC. The treatment of the @, trans mixture with mercury(I1) 

oxide-iodine and pyridine in benzene, followed by irradiation under the same 

conditions as described for lactol 4c gave an (+)-iodophoracantholide I (11)18 
19 

_-. __ 
in 76% yield. The removal of its iodine with tributyltin hydride in benzene 

gave (+)-phoracantholide I (12)20 in 82% yield. Its various spectral data 
_... 

were in agreement with those published for this natural product. 

The present method is applicable to a facile synthesis of medium-sized 

lactones using cyclic ketones as the readily available starting materials. 

Studies on a further extension of the scope of this method and its application 

to the synthesis of other naturally-occurring lactones are in progress and 

will be reported in due course. 
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