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Synthesis of y- and é-L actones from Alkynols
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Abstract: Thereaction of alkynyl phenyl selenideswith p-toluene-
sulfonic acid gives rise to a proton-induced ring-closure reaction
affording y- and &-lactones.
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Substituted y- and 3-lactones are the basic structural units
of many complex and biologically active natural products
and they are also of great interest as synthetic intermedi-
ates in organic synthesis.! Several synthetic methods for
the synthesis of lactones have been devel oped? during the
last few years and some of these involve alkynols as start-
ing products. Thus, MaGee® has shown that y- or §-lac-
tones can be formed by intramolecular trapping of
ketenes, themselves available from the corresponding hy-
droxy akynyl ethers by a retro-ene reaction. Schreiber
and co-workers* developed a protocol for the conversion
of hydroxy alkynyl ethers into the corresponding &-lac-
tones by treatment with mercuric(l1) chloride and p-tolu-
enesulfonic acid. y-Lactones were also obtained from 4-
trimethylsilyl-3-alkyn-1-ols via Wacker-type oxidation
reactions as reported by Compain® More recently,
Jacobsen® proposed a direct method for the conversion of
terminal epoxides into y-lactones in a single step by the
formation of a cyclic keteneaminal intermediate and sub-
sequent hydrolysis and protodesilylation.

In a previous work” we reported that alkynols 1 can be
transformed into the corresponding (Z)-a-(phenylsele-
no)vinyl p-toluenesulfonates 2. These latter compounds
undergo to a selenium-promoted regiospecific ring-clo-
sure reaction affording a-phenylseleno y- or 8-lactones 3
or 4, respectively (Scheme 1).

Moreover, we have also reported® that the reaction of
alkynyl phenyl selenides 6, prepared from the acetyl de-
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rivatives 5 of compounds 1, with an excess of p-toluene-
sulfonic acid monohydrate (PTSA), in dichloromethane,
gave the phenyl selenocarboxylates 7 (Scheme 2).
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In the present paper we now describe a simple procedure
to convert akynols 1 into y- or 8-lactones 12 or 13 by an
acid-promoted regiospecific cyclization reaction of akyn-
yl phenyl selenide derivatives 8 (Scheme 3). The alkynyl
phenyl selenides 8 were easily prepared from the corre-
sponding akynyl alcohols® 1 according to the method
reported in literature.°
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Thus, it can be suggested that the reaction of 8 with an ex-
cess of p-toluenesulfonic acid monohydrate, in dichloro-
methane at 60 °C, proceeds through aregiospecific proton
addition to 8 with the formation of the selenium-stabilized
vinylic cation intermediate 9. This cation is then intra-
molecularly trapped by the hydroxy group to afford the
cyclization product 10, which readily adds a molecule of
water to give 11. Under the reaction conditions employed,
11 eliminates a molecule of phenylselenol to give y-lac-
tone 12 or &-lactone 13. The yellow color of the fina
reaction mixture is due to the presence of diphenyl di-
selenide, which is formed by the oxidation of the
phenylselenol. The products obtained by this procedure
and the reaction yields!! are reported in Table 1.
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Tablel Synthesisof y- and é-Lactones 12 and 13 from the Reaction of 8 with Monohydrated p-Toluenesulfonic Acid in CH,CI, at 60 °C

Entry Substrate

Lactone

Yield (%)
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2| solated yield after column chromatography.

b Yields based on the starting alkynol. The corresponding alkynyl phenyl selenide was not isolated.

¢ Racemic product.
4 A 1:1 mixture of the two diasterecisomers; R = (-)-endo-borney!.

Substrates 8a—c gave the expected y-lactones 12a— in
good yields. The reactions were not influenced by the
presence of the other functional groups. Optically active
lactones 12b and 12c¢ were obtained from the correspond-
ing chiral non-racemic alkynyl alcohols. Compound 12b
has been used by several authors for the synthesis of
various natural products,*? whereas y-lactone 12c is a
valuable and versatile intermediate for the synthesis of
hydroxymethylene dipeptide isosters, which are pharma-
ceutically important compounds that possess the basic
structure of HIV protease!®® and y-secretase inhibitors.'®

The cyclofunctionalization of alkynols mediated by orga-
noselenium intermediates proceeds easily also for sub-
strates 8d—i affording the expected 5-lactones 13a—f in
fairly good yields. Lactone 13d is constituted by 1:1 mix-
ture of two diastereoisomers which could not be separat-
ed. From the chiral non-racemic alkynyl phenyl selenides
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8h and 8i the opticaly active 5-lactones 13e and 13f,
respectively, were obtained. Lactone 13e is a protected
derivative of  (§-5-hydroxymethyl-5-valerolactone,
which is avaluable synthetic intermediate for the synthe-
sisof LTBg“and is potentially useful for the preparation
of arange of insect pheromones.** On the other hand, the
Senantiomer of 13f was employed for the synthesis of the
ionophore antibiotic Routiennocin.*®

In conclusion, inthis paper we described a new cyclofunc-
tionalization reaction, involving organoselenium inter-
mediates, which can be conveniently employed for the
synthesis of y- and d-lactones. The procedure reported
herein favorably compares with similar methods de-
scribed in the literature particularly in the case of the
synthesis of 5-lactones. Very likely, our procedure can
also be applied to the synthesis of medium-sized lactones.
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Applications of the presently described method to the
synthesis of other biologically active compounds are
presently under way.
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