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ABSTRACT

We demonstrate a general method for conversion of various 5-oxopentanals to substituted δ-lactones and 1-oxa-2-decalones by the synergistic
catalysis of samarium diiodide and 2-propanethiol (or disulfide). The deliberate use of mercaptan is advantageous to facilitate the catalytic
cycle. This method shows high stereoselectivities, and an enantioselective procedure is feasible by using the chiral mercaptan (1R,2S)-1-
phenyl-2-(N-acetamido)propanethiol as a promoter.

Many natural products, such as insect pheromones and food
flavors, incorporate the core structure ofδ-lactones, which
also attract a number of synthetic approaches.1 Uenishi and
co-workers2 have demonstrated that 5-oxo-4-silyloxyhexanals
can undergo the intramolecular Tishchenko oxidoreductions3

by reactions with stoichiometric amounts of (t-BuO)SmI2 or
an aged SmI2 solution (presumably containing Sm3+ ion) to

give the correspondingδ-lactones. The authors also indicated
that the silyloxy substituent is essential for such transforma-
tions. Otherwise, unsubstituted substrates such as 5-oxo-
hexanal afford only low yields (∼10%) ofδ-methyl-δ-lactone
on treatment with (t-BuO)SmI2 or simply the pinacolic
coupling product on treatment with a freshly prepared SmI2

solution. We found previously3e that transformation of
5-trimethylsilyl-5-oxopentanal intoδ-trimethylsilyl-δ-lactone
can be carried out by using stoichiometric amounts of SmI2

and methanol. This reaction is presumably initiated by
addition of MeOH to the aldehyde group to form a hemi-
acetal with the assistance of samarium ion. After an
intramolecular hydride transfer to the ketone group (Tish-
chenko reaction),3 a cyclization of the δ-hydroxyester
intermediate would give the observedδ-lactone product. On
the basis of this speculation, one can conceive a catalytic
method for transformation of 5-oxopentanals into their
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correspondingδ-lactones. Indeed, we report herein a general
and efficient one-pot procedure by using SmI2 and 2-pro-
panethiol (i-PrSH) as the combined catalysts.

As shown in Scheme 1, a series of 5-alkyl- and 5-phenyl-
5-oxopentanals1a-g were successfully converted to the

correspondingδ-substituted-δ-lactones2a-g4 by the cataly-
sis of SmI2/i-PrSH (10-50 mol %). No aldol or pinacol
products were observed under these reaction conditions.

The following procedure is typical. Under an atmosphere
of argon,i-PrSH (0.01 mL, 0.1 mmol) was added to a deep
blue SmI2 (0.2 mmol) solution freshly prepared from
samarium and 1,2-diiodoethane in THF (15 mL). The mixture
was stirred for 10 min at room temperature, and a THF
solution (5 mL) of 5-oxo-5-phenylpentanal (1c, 176 mg, 1.0
mmol) was added dropwise. The mixture was stirred for 1 h
and then filtered through a short silica gel column by elution
with EtOAc/hexane (1:1). The filtrate was concentrated by
rotary evaporation to give the practically pure lactone2c (174
mg, 99%). We also conducted reactions using a slightly

modified procedure by premixing an aliquot of SmI2/i-PrSH
(1-5 mol % in 1 mL of THF) with the substrate (1a-g) in
an oven-dried syringe. The resulting yellow solution, an
indication of the presence of trivalent samarium ion, was
then added dropwise to the original SmI2/i-PrSH solution.
Accordingly, the desired lactones2a-gwere also obtained
in excellent yields (>90%).

By replacing SmI2/i-PrSH with SmI2/(MeS)2,5 the reaction
of 1e (R ) n-C8H17) also proceeded smoothly to give2e in
a comparable yield. The in situ generated (MeS)SmI2 was
considered as the reactive catalyst.5 By using SmI3/i-PrSH
instead of SmI2/i-PrSH, the reaction gave a 1:1 mixture of
isopropyl thioesters of tridec-4-enoic acid and tridec-5-enoic
acid according to NMR analysis. It seemed that the inter-
mediaryδ-oxyacid thioester (analogue ofB in Figure 1, R

) n-C8H17) was diverted to dehydration under such reaction
conditions.6 The reaction of1c (R ) Ph) with stoichiometric
amounts of SmI3 and i-PrSH also gave an 83% yield of
5-phenylpent-4-enoic acid isopropyl thioester.6 When1cwas
treated with stoichiometric amounts of SmI2 and i-PrOH, a

Scheme 1

Figure 1. Proposed catalytic cycle and the favorable transition
states for the formation ofδ-lactones.
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1:1 mixture of isopropyl 5-hydroxy-5-phenylpentanoate and
1-phenyl-1,2-cyclopentanediol were obtained as a conse-
quence of the intramolecular Tishchenko oxidoreduction and
pinacolic coupling.

On the basis of the above experimental results, one can
propose a possible reaction mechanism for the formation of
δ-lactones (Figure 1). A Lewis acid such as the presumed
(i-PrS)SmI2 or the related samarium species3a,5,7can promote
the addition ofi-PrSH to the aldehyde group of a 5-oxo-
pentanal substrate. The samarium-bound hemithiolacetal
intermediate (A) can undergo an intramolecular hydride shift
to give theδ-oxyacid thioester (B).3d The reaction would
proceed further with an irreversible lactonization and release
the catalyst (i-PrS)SmI2 (or the related samarium species)
for the next cycle. The deliberate use of mercaptan is
advantageous, because mercaptan is a better nucleophile than
alcohol on addition to the aldehyde group. The resulting
thioester is also more reactive than ester in the subsequent
lactonization; thus the catalytic cycle is facilitated.

The SmI2/i-PrSH-catalyzed reaction of bulky substrate3
still proceeded smoothly to giveδ-lactone7 (Scheme 1).4h

A variety of substituted 5-oxopentanals4-6 also underwent
the SmI2/i-PrSH catalyzed reactions in highly stereoselective
manners. Lactones8a,b,4i,j derived from 4-methyl-5-oxo-
pentanals4a,b, had thecis configuration as indicated by a
small coupling constant (∼3 Hz) between H-5 and H-6.
Treatment of 3-methyl-5-oxo-5-phenylpentanal (5) in an
SmI2/i-PrSH solution at 25°C gave lactone9 as a mixture
of trans and cis isomers (77:23).4k The trans/cis isomeric
ratio was increased substantially to 94:6 by performing the
reaction at a lower temperature (0°C). The trans lactone
showed an NOE correlation between Me-4 and H-6, whereas
the cis isomer was devoid of this effect. The SmI2/i-PrSH-

catalyzed reactions of 2-(3-oxopropyl)cyclohexanones6a,b
at 25°C afforded 1-oxa-2-decalones10a,b in a preponder-
ance of the 9,10-trans isomers.4l,m,8 Thetransdecalones had
H-9 and H-10 at axial positions as characterized by the ddd
splitting pattern (J ) 10, 10, 4 Hz) of H-9 in the1H NMR
spectra.4

The stereochemical outcomes can be interpreted by
comparisons of the transition statesC versusD andE versus
F (Figure 1). The transition stateC, giving cis-8a,b and
trans-9, is energetically favored due to the equatorial
dispositions of substituents (R1 or R2), whereas the alternative
transition stateD exerts steric repulsions due to the axially
oriented substituents. The transition stateE, giving trans-
10a,b by having hydride attack the cyclohexanone moiety
from the axial direction, is superior to an equatorial attack
in the transition stateF. Under such circumstances, a product
development control also favors the formation of the more
stable equatorial alcohol (as shown inE). The stereoselec-
tivities are in agreement with the previous findings3c,f of the
related intermolecular Tishchenko reactions.

Our current study demonstrates an effective stereocontrol
in conversion of 5-oxopentanals toδ-lactones by the
synergistic catalysis of 2-propanethiol and samarium ion.
This study also sheds light on the design of enantioselective
catalysis by using chiral mercaptans. Our preliminary result
using SmI2 and (1R,2S)-1-phenyl-2-(N-acetamido)propan-
ethiol as the combined catalysts (50 mol %) indicated that
5-octyl-5-oxopentanal (1e) was converted to 6-octyl-3,4,5,6-
tetrahydropyran-2-one (2e) with predominance of the (R)-
(+)-enantiomer (52% ee according to the HPLC analysis on
a Chiralcel OB column).
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