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Dialkylcuprates1 and trialkylzincates2 have been widely
used for organic synthesis. In contrast, much less
information is available on the potential utility of tri-
alkylmanganates.3 Herein, we report an effective method
for the preparation of indoline, dihydrobenzofuran, and
2-alkoxytetrahydrofuran derivatives by means of tribu-
tylmanganate. Very recently, a synthesis of substituted
indolines via anionic cyclization has been reported.4 In
addition, several procedures mediated by free radical,5
transition metal species,6 and samarium(II) iodide7 have
also been published on the construction of the heteroatom

ring of these molecules. Our new method should provide
an alternative route to these important compounds.
A THF suspension of manganese(II) chloride (0.19 g,

1.5 mmol) was sonicated for 20 min under argon atmo-
sphere. The mixture was cooled to 0 °C, and butyllithium
(1.5 M hexane solution, 3.0 mL, 4.5 mmol) was added.
After the mixture was stirred for 20 min, a solution of
2-iodophenyl prenyl ether (1a, 0.29 g, 1.0 mmol) in THF
(2 mL) was added. The resulting mixture was stirred
for 2 h and poured into 1 N HCl (20 mL). Extraction
with hexane (20 mL × 3) followed by silica gel column
chromatography afforded 3-isopropenyl-2,3-dihydroben-
zofuran (2a, 0.16 g) in 88% yield (Scheme 1). The use of
tributylmanganate (n-Bu3MnMgBr), derived fromMnCl2
and 3 equiv of butylmagnesium bromide, instead of n-Bu3-
MnLi also provided 2a in 87% yield. In contrast, n-Bu2-
Mn, n-BuMnCl, Me3MnLi, or n-Bu2CuLi could not give
any cyclized product.8

Representative examples are shown in Table 1. Not
only 2-iodophenol derivatives 1 but also 2-iodoaniline
derivatives 3 reacted in the same way to provide the
corresponding indoline derivatives upon treatment with
tributylmanganate. Several comments are worth noting.
(1) Tributylmanganese magnesium bromide, n-Bu3-
MnMgBr, was as equally effective as n-Bu3MnLi. (2) The
corresponding bromo compound such as 2-bromophenyl
prenyl ether afforded phenyl prenyl ether (40%) along
with the starting material (52%) upon treatment with
tributylmanganate. (3) An addition of a THF solution
of n-Bu2Mn to 2-lithiophenyl propenyl ether, generated
from 1a and n-BuLi in THF, gave a complex mixture that
did not contain the cyclized product 2a. (4) The reaction
of 2-iodophenyl homoallyl ether 1e with tributylmanga-
nate provided chroman derivative 2e in only 30% yield.
(5) The relative stereochemistry between the substituents
attached to C(2) and C(3) of compound 2d was trans/cis
) 85/15. This isomeric ratio was the same as that of the
radical cyclization product, 3-ethyl-2-methyl-2,3-dihy-
drobenzofuran (trans/cis ) 87/13), which was generated
by the reaction of 1d with n-Bu3SnH.
The intermediacy of the radical species was confirmed

by the following experiment. Treatment of allylic ether
1f having a cyclopropane ring on the alkenyl carbon with
tributylmanganate provided a mixture of dienyl-substi-
tuted dihydrobenzofuran derivative 2f and alkenyl-
substituted compound 2f ′ (2f:2f ′ ) 2:1) in 52% combined
yield (Scheme 2). No trace of the product having the
cyclopropane ring could be observed in the reaction
mixture.9

The intermediary manganese species could be trapped
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by various electrophiles.10 An addition of tributylman-
ganate to diallylaniline derivative 3b followed by treat-
ment with allyl bromide provided the corresponding
allylated product 6a (E ) CH2CH)CH2) in 70% yield.
Trapping the reaction by acid chlorides such as acetyl
chloride and benzoyl chloride afforded methyl ketone and
phenyl ketone, respectively (Scheme 3).

Unexpectedly, the reaction proved to proceed in the

presence of a catalytic amount of manganese chloride.11
For instance, treatment of 1a (1.0 mmol) or 3a (1.0 mmol)
with excess n-BuMgBr (4.0 mmol) in the presence of a
catalytic amount of MnCl2 (0.2 mmol) in THF at 25 °C
for 12 h provided 2a or 4a in 70% or 81% yield,
respectively. The reactions were performed in a flask
equipped with a balloon filled with argon. Atmospheric
oxygen could diffuse into the balloon to equilibrate the
partial pressures, and the concentration of oxygen reached
10% (volume %) after 12 h.12 The presence of oxygen was
essential for the catalytic reaction.3c Without oxygen, the
cyclization reaction did not complete under MnCl2 ca-
talysis.
The radical cyclization reaction of unsaturated iodo

acetals 7a and 7b was examined.13 Treatment of 7a or
7b with n-Bu3MnLi provided 8a or 8b in 82% or 73%
yield (Scheme 4). The catalytic reaction (10 mol %
MnCl2) using n-BuMgBr (2.0 mmol) could also be applied
to iodo acetal 7a (1.0 mmol) to give 8a in 80% yield, in
which case the presence of oxygen was not neccesary.14
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(11) Anionic cyclization of 3 with t-BuLi has been reported.4
However, an addition of a Grignard reagent (n-BuMgBr) to 1a or 3a
in the absence of MnCl2 afforded only the reduced product, phenyl
prenyl ether, or N,N-diprenylaniline in 20% or 30% yield along with
the recovered starting materials.

(12) The catalytic reaction also proceeded in the atmosphere.
Stirring a mixture of 3a (1.0 mmol), n-BuMgBr (4.0 mmol), and MnCl2
(0.1 mmol) or MnCl2 (0.3 mmol) in the atmosphere afforded 4a in 60%
or 80% yield, respectively, along with the recovered starting material
3a in 30% or 14% yield. The reaction in a flask under argon balloon
gave a better yield of 3a than the reaction in the atmosphere. Thus,
slow injection of oxygen might be essential for the catalytic reaction.

(13) The corresponding bromo acetal BrCH2CH(O-n-Bu)OCH2-
CH)CMe2 provided 8a in 41% yield under the same reaction condi-
tions.

(14) The catalytic reaction was complete in 3 h at 0 °C under argon
atmosphere in a sealed system.

Table 1. Tributylmanganate-Induced Cyclization of
Allyl 2-Iodophenyl Ethers and N,N-Diallyl-2-iodoaniline

a n-Bu3MnLi (1.5 mmol) and substrate (1.0 mmol) were em-
ployed. b cis/trans ) 15/85. c n-Bu3MnMgBr was used instead of
n-Bu3MnLi.
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