
Formation of Organomagnesium
Compounds via EtMgBr-Mediated
Radical Cyclization of Allyl
â-Iodoacetals
Atsushi Inoue, Hiroshi Shinokubo, and Koichiro Oshima*

Department of Material Chemistry, Graduate School of Engineering, Kyoto UniVersity,
Kyoto 606-8501, Japan

oshima@fm1.kuic.kyoto-u.ac.jp

Received December 25, 1999

ABSTRACT

Treatment of allyl â-iodoacetals with ethylmagnesium bromide in THF provided tetrahydrofuran derivatives in good yields. On the other hand,
the reaction in DME provided tetrahydrofuranylmethylmagnesium compounds in good yields.

Since the Grignard reagent was discovered in 1900, it has
been widely used for the construction of organic molecules.
It is the most basic and indispensable tool for organic
chemists.1 Grignard reagents have some common reaction
patterns: (1) nucleophilic addition or substitution, (2) proton
abstraction as a base, (3) magnesium-halogen exchange
reactions.2 There have been reports of some radical reactions
using Grignard reagents in the presence or absence of a
transition metal catalyst.3 Synthetic applications of this type
of reaction, however, have been quite limited so far.4 Herein
we wish to disclose an ethylmagnesium bromide5-mediated

radical cyclization reaction of allylâ-iodoacetals.6 This type
of radical cyclization by means of tin hydride has been
extensively explored during the past two decades.7 Currently,
however, it is desirable to avoid the use of tin compounds
due to their neurotoxicity as well as the difficulty of com-
pletely eliminating them from the reaction products. On the
contrary, organomagnesium reagents have few toxic prob-
lems. Moreover, they are easily prepared or are commercially
available. From this point of view, this facile radical
cyclization reaction using Grignard reagents has significant
advantages over tin-mediated radical cyclization reactions.
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Addition of ethylmagnesium bromide to a THF solution
of iodoacetal1 provided cyclized product2 as a mixture of
stereoisomers in good yield (Scheme 1). This stereoselectivity

is identical with that ofn-Bu3SnH-Et3B-mediated radical
cyclization of1. The reaction proceeded very cleanly without
any byproducts. There were no traces of vinyl ethers, which
could be derived from the elimination of iodine and an alkoxy
group of1, in the reaction mixture.8 The use ofn-BuMgBr
instead of EtMgBr also afforded2 in a similar yield.
However, the reaction withi-PrMgBr was sluggish and took
4 h to go to completion. In this case, a trace amount of iodide
3 was observed in the reaction mixture. When methylmag-
nesium iodide was used as the Grignard reagent, no reaction
occurred and the starting material1 was recovered quanti-
tatively.

Cyclizations of various substrates mediated by ethylmag-
nesium bromide are summarized in Table 1. Several com-
ments are worth noting. (1) The experimental procedure is
extremely facile. An addition of EtMgBr to a solution of
starting material in THF gave the corresponding cyclized
product in good to excellent yield at room temperature. (2)
In this system, not only primary and secondary iodides but
also tertiary iodides can generate the corresponding alkyl
radical effectively. (3) In the case of substrates (entry 3 or
5) with a disubstituted or trisubstituted olefinic moiety as a
radical acceptor, a mixture of alkyl-substituted and alkenyl-
substituted tetrahydrofuran products was obtained. (4) Al-
though the relative stereochemistry of the anomeric carbon
could not be controlled, hightrans-selectivity (pentyl and
methyl groups) was observed using substrates which have
an alkyl group at the allylic position (entries 2 and 4). (5)
Cyclization of a 2-allyloxyalkyl iodide and an iodoalkene
proceeded as efficiently as the cyclizations of iodoacetals
(entry 7 or 8). It is worth noting that this method for radical
cyclization is applicable to a tandem reaction of a dienyl
compound to form a bicyclic product (Scheme 2). For
instance, treatment of4 provided the 7-oxabicyclo[4.3.0]-

nonane5 as the main product without contamination by
[3.3.0]octane.

Then we focused on the cyclization reaction in solvents
other than THF. In ether, the cyclization was extremely slow
and proceeded in less than 10% yield after 24 h. Interestingly,
it was found that the use of DME as a reaction solvent instead
of THF caused a dramatic change to the course of the
reaction. In this case, cyclic magnesium compound8 was
formed in good yield. Tetrahydrofuranylmethylmagnesium
8 could be coupled with various electrophiles. For example,
8 reacted with allyl bromide in good yield to give allylated

(8) 1,2-Elimination reaction ofVicinal iodoalkoxyalkane withn-BuLi or
n-BuMgBr has been reported. See ref 3e.

Scheme 1

Scheme 2

Table 1. Cyclization of Allyl â-Iodoacetal or 2-Allyloxyalkyl
Iodide with EtMgBr in THFa

a Substrate (1.0 mmol), EtMgBr (2.0 mmol, 1.0 M THF solution, 2.0
mL), and THF (5 mL) were employed. The reaction mixture was stirred
for 2 h atroom temperature.
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product in the presence of a catalytic amount of CuCN‚
2LiCl.9 The trapping experiments of magnesium species8
are shown in Table 2. Thus, the cyclization and subsequent

functionalization of allylâ-iodoacetals can be performed in
a one-pot sequence by addition of ethylmagnesium bromide
and an electrophile in DME.

In contrast to the cyclization reaction with organolithium
reagent reported by Bailey et al.,10 a radical pathway is
strongly suggested for this cyclization reaction, as no
elimination of allyloxy group occurs during the reaction. In
the case where THF was used as the solvent, quenching the
reaction mixture of1 and EtMgBr with D2O before workup

gave no observable deuterium incorporation in the methyl
group of 2. Iodide3 was detected by TLC analysis at 30
min after the reaction started and then it gradually disap-
peared.11 On the basis of these facts, we propose the
following reaction mechanism (Scheme 3).12 First, EtMgBr

or Et2Mg13,14would induce atom transfer radical cyclization15

of 7 to provide iodide10.16 Then Grignard reagent would
reduce iodide10 to 11 in THF. A molecule of THF might
act as a hydride source in this reduction.17 In DME, the iodide
10 would be converted into magnesium species8 via an
magnesium-iodine exchange reaction.

Acknowledgment. This work was supported by a Grant-
in Aid for Scientific Research on Priority Area B (No.
10208208) from the Ministry of Education, Science, Sports,
and Culture, Japan.

Supporting Information Available: General procedures
and spectral data for compounds. This material is available
free of charge via the Internet at http://pubs.acs.org.

OL991403A

(9) Experimental procedure is as follows. Under reduced pressure, solvent
was removed from an ethereal solution of EtMgBr (3.0 mL, 1.0 M, 3.0
mmol). The residual solid was dissolved in 5 mL of DME. To the mixture
was added a solution of7a (354 mg, 1.0 mmol) in DME (2 mL) at room
temperature. After being stirred for 30 min, allyl bromide (0.26 mL, 3.0
mmol) and a THF solution of CuCN‚2LiCl (0.3 mL, 1.0 M, 0.3 mmol)
were successively added. The reaction mixture was stirred for 1 h atroom
temperature. After usual workup, purification by silica gel chromatography
afforded the corresponding allylated product in 73% yield.
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Bailey, W. F.; Carson, M. W.J. Org. Chem.1998,63, 9960. (c) Bailey,
W. F.; Carson, M. W.Tetrahedron Lett.1999,40, 5433.

(11) Treatment of iodide3 with EtMgBr in THF afforded the reduced
product2 quantitatively.

(12) Using degassed THF, this radical cyclization reaction proceeded as
smoothly as the reaction in THF which was not degassed and contained
small amounts of oxygen. Thus, the presence or absence of oxygen in the
solvent does not affect the reaction pathway.

(13) Especially in DME, ethyl Grignard reagent exits in the form of Et2-
Mg via the Schlenk equilibrium. Therefore, the actual active species might
be Et2Mg in this radical reaction.

(14) The use ofn-BuMgBr derived fromn-BuLi and MgBr2 also provided
cyclization product. Therefore, it is unlikely that traces of Mg metal in
Grignard solution induce this radical process.

(15) Newcomb, M.; Curran, D. P.Acc. Chem. Res.1988,21, 206 and
references therein.

(16) Formation of the cyclized alkene in THF (Table 1, entries 3 or 5)
could be explained by elimination of hydrogen iodide from cyclic iodide.

(17) It is well documented that THF is a good hydride donor to radical
species (KH ) 104 s-1). See ref 15 and references therein.

Table 2. EtMgBr-Mediated Cyclization and Subsequent
Functionalization via Cyclic Magnesium Compounds in DME

a Trapping reaction was performed in the presence of a catalytic amount
of CuCN‚2LiCl. b Trapping reaction was performed in the presence of a
stoichiometric amount of CuCN‚2LiCl.

Scheme 3

Org. Lett., Vol. 2, No. 5, 2000 653


