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Extensive study has been devoted to the chemistry of
carbonyl ylides, and considerable attention has focused
on their use for the selective construction of oxygen-
containing five-membered heterocycles.1 We recently
found the generation of nonstabilized carbonyl ylides2
from iodohydrin silyl ethers or bis(chloromethyl) ethers
through the 1,3-elimination pathway using samarium
diiodide as a reductant.3 This protocol realized the
practical generation of carbonyl ylides bearing only alkyl
substituents that react intermolecularly with alkenes and
alkynes to afford stereodefined tetrahydrofurans and
dihydrofurans, respectively, in high yields. On the other
hand, in cycloadditions to electron-deficient dipolaro-
philes, the yields for cycloadducts were low because of
the competitive direct-reduction of these dipolarophiles
by the samarium reagent.4 We report a new system that
does not reduce dipolarophiles for the generation and
reactions of nonstabilized carbonyl ylides using a man-
ganese species where alkenes, aldehydes, ketones, and
aldimine can be used as dipolarophiles.5
At the outset of our investigation, samarium diiodide

was the only reductant known to generate nonstabilized
carbonyl ylides. We searched for other effective reduc-
tants in cycloadditions of carbonyl ylides with carbon
dipolarophiles. Alkali metals, alkaline earth metals,
lithium naphthalenide, CrCl2, and Rieke zinc were not
effective for the generation of the carbonyl ylide from bis-
(chloromethyl) ether 1a.6,7 Of all the reductants exam-
ined, only manganese metal successfully afforded the
corresponding cycloadducts. In the reaction with 3-bu-
tenyl 3-phenylpropyl ether (2a), cycloadduct 3a was

obtained in 44% yield using manganese activated by the
Rieke method.8 The manganese species prepared by the
Takai method9 was better as a reductant and gave the
tetrahydrofuran 3a in 76% yield (eq 1, Table 1).10
The ylide generated in this way reacted with cis-alkene

2c to produce the syn-substituted tetrahydrofuran 3c. We
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(10) PbCl2 (34 mg, 0.12 mmol) and THF (1.0 mL) were added to a
well-dried flask containing manganese (330 mg, 6.0 mmol), and the
mixture was stirred at rt for 1 h. Dipolarophile 2 (0.5 mmol), NaI (600
mg, 4.0 mmol), and bis(chloromethyl) ether 1 (2.0 mmol) were succes-
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Table 1

a Conditions A: a suspension of manganese (6 mmol) and PbCl2
(0.12 mmol) in THF (1 mL) was stirred at rt for 1 h. A dipolarophile
(0.5 mmol), NaI (4 mmol), and bis(chloromethyl) ether (1a) (2
mmol) were successively added to the flask, and the mixture was
stirred at rt for 4 h. Conditions B: Rieke manganese (2.5 mmol)
was prepared from MnBr2 (2.5 mmol) and lithium naphthalenide
(5 mmol) in THF (2 mL). A dipolarophile (0.5 mmol) and bis(chlo-
romethyl) ether (1a) (3 mmol) were added to the refluxing
suspension, and the mixture was stirred at reflux temperature
for 3.5 h. Conditions C: Rieke zinc (3 mmol) was prepared from
ZnCl2 (3 mmol) and lithium naphthalenide (6 mmol) in THF (4.5
mL). A dipolarophile (1 mmol) and bis(chloromethyl) ether (1a)
(2 mmol) were added to the suspension, and the mixture was
stirred at reflux temperature for 3 h. b Isolated yield. c After the
manganese reagent was prepared (conditions A), the reagents and
THF (4 mL) were added at 0 °C and the mixture was stirred at 0
°C to rt for 2 h and then at rt for 2 h.
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previously reported that, in the reaction with propargyl
ether 2d using a samarium reagent, a double-addition
product of the parent carbonyl ylide was the main product
when excess ylide was used.2b Interestingly, under the
present conditions only the monoadduct 3d was obtained
selectively (81%) and the bis-adduct was not detected
even if a 4-fold excess of ylide was used.11 In the reaction
with electron-deficient alkene 2e, the reduction of the
alkene was suppressed and the corresponding tetrahy-
drofuran-bearing ester function 3e was obtained in high
yield. The addition of NaI gave better results, possibly
because this additive may convert 1a to bis(iodomethyl)
ether that is more reactive than 1a, and manganese
would then reduce the iodomethyl group to generate the
parent carbonyl ylide preferentially to reduction of the
dipolarophile.
Reactions with hetero-dipolarophiles were also

examined: it was found that this manganese system can
be used with a variety of carbonyl compounds, and even
benzophenone, known as a good electron acceptor, was
used (eq 2, Table 1). As can be seen in Table 1, the parent

carbonyl ylide reacts with aldehydes 2f-g, ketone 2h,
and aldimine 2i to produce the corresponding 1,3-
dioxolanes 3f-h and 1,3-oxazolizine 3i, respectively, in
high yields.
We have been able to realize the reactions of the

carbonyl ylide with a wide variety of dipolarophiles,

including easily reducible hetero-dipolarophiles. Finally,
we have also shown that this reaction system can be
applied to the generation of methyl-substituted ylide from
1b,12-14 and this protocol leads to the generation of
structural varieties of carbonyl ylides bearing various
substituents (eq 3).
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yield. In the reaction with 2g, a regioisomeric mixture of cycloadducts
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(2R*,4S*)-3l) (the regioisomeric ratio was 77:23). With 2h, the
corresponding cycloadducts (3m + 3m′) were obtained in 78% yield
where 4,4-diphenyl-2-methyl-1,3-dioxolane (3m′) was a major product
(the regioisomeric ratio was 94:6). For conditions, see the Supporting
Information.
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between the unsymmetrical carbonyl ylide derived from 1b and 2c was
almost identical in the case of the SmI2-promoted reaction (2,3-trans:
2,3-cis ) 59:41).2b For conditions, see the Supporting Information.
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