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ABSTRACT

Functionalized alkylmagnesium reagents bearing an acetal, a ketal, an ester, or a pyridine ring were prepared by an I/Mg-exchange using
iPr2Mg‚LiCl or ClMg(CH 2)5MgCl‚2LiCl starting from functionalized primary alkyl iodides.

Organomagnesium reagents are important intermediates for
organic synthesis.1 Recently, I/Mg- and Br/Mg-exchange
reactions2 on Csp2-centers have allowed the synthesis of a
range of polyfunctional aryl and hetereoaryl magnesium
compounds.3 Nevertheless, the extension of this exchange
reaction to the preparation of sp3-hybridized alkylmagnesium
reagents failed due to the slow I/Mg-exchange rate of alkyl
iodides. The treatment ofnOctI with iPrMgCl‚LiCl leads to
the magnesiated species only in traces and 1-octene is the
main product. An alkoxide-directed I/Mg-exchange was also
reported, but the use of two equivalents ofn-BuLi excludes
most functional groups.4 Herein, we report that the presence
of an oxygen or nitrogen atom inγ-position to the carbon-

iodine bond5 considerably enhances the I/Mg-exchange rate.
This sp3-exchange reaction provides the first preparation of
various functionalized alkylmagnesium reagents such as
1a-f starting from the corresponding iodides2a-f (Scheme
1).6 Performing the I/Mg-exchange reaction withiPrMgCl‚
LiCl leads to a slow and incomplete reaction, but using
iPr2Mg‚LiCl (3)7 (0.75 equiv) for the I/Mg-exchange
allows the formation of the magnesium reagent1a within 5
h at 25°C. Quenching with CO2 affords the carboxylic acid
4a with 63% yield (entry 1, Table 1). Although the ex-
change reagent3 can also be used to prepare other alkyl-
magnesium species such as1b, 1c, 1e, and1f (entries 1, 2,
9-14), often an excess ofiPr2Mg‚LiCl (3) (up to 1.1 equiv,
corresponding to 2.2 isopropyl units) is required to achieve
full conversion.† Ludwig-Maximilians-Universita¨t.
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This excess leads to side reactions with the added elec-
trophiles. We have solved this problem by using a 1,5-dimag-
nesium species such as5 (Scheme 2). After the exchange
reaction with an alkyl iodide (RCH2I), the resulting 5-iodo-
pentylmagnesium chloride (6) undergoes immediately an
intramolecular SN2-substitution leading to cyclopentane78

and to the desired Grignard reagent RCH2MgCl.
Using the di-Grignard reagent5 allows the preparation of

the alkylmagnesium chlorides1b-d in good yields. Thus,
the reaction of the alkyl iodide2b with ClMg(CH2)5MgCl‚
2LiCl (5, 1.1 equiv, 25°C, 2 h) provides the Grignard reagent
1b, which reacted smoothly with allyl bromide, leading to
the MOM-derivative4c in 71% yield (entry 3). The treatment
of the alkyl iodide2c with the exchange reagent5 at -15
°C led to the Grignard reagent1c after 3 h. Quenching with
methallyl bromide, benzaldehyde, or propionyl chloride gave
the desired products with 63-72% yield (entries 4-6). The
reaction of theâ-iodoacetal2d with the 1,5-dimagnesium
species5 gave within 3 h at-20 °C the corresponding
magnesium reagent1d. Quenching withtBuCHO orS-allyl
benzenesulfonothiate9 furnished the expected products4g-h
(entries 7-8) with 58-72% yield. Nitrogen-containing
heterocycles such as pyridine are also compatible with our
reaction conditions. Thus, the reaction of the pyridine
derivative2e with iPr2Mg‚LiCl (3) led after 1.5 h at 25°C
to the Grignard reagent1e, which was trapped with benzal-
dehyde,tBuCHO, allyl bromide, or CO2 in 56-75% yield
(entries 9-12).10 For the pyridine derivative2f, a similar
exchange could be performed withiPr2Mg‚LiCl (25 °C, 2.5
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Scheme 1. Grignard Reagents1a-f Prepared by an I/
Mg-Exchange from the Corresponding Iodides2a-f

Table 1. I/Mg-Exchange of sp3-Hybridized Alkyliodides
Followed by Electrophilic Alkylation

a Isolated yields.b Using as exchange reagent:iPr2Mg‚LiCl (0.65-1.1
equiv). c Using as exchange reagent: ClMg(CH2)5MgCl‚2LiCl (1.1 equiv).
d After transmetallation to copper using CuCN‚2LiCl12 (1.0 equiv).
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h). Reacting1f with benzaldehyde or ethyl 2-(bromomethyl)-
acrylate11 led to the expected products (entries 13-14) in
59% yield.

Magnesium homo-enolates were also prepared by this
approach. Thus, the reaction of theâ-iodoester8awith iPr2-
Mg‚LiCl (3) at -10 °C led to the corresponding magnesium
homo-enolate, which reacted with benzaldehyde leading after
lactonization to the spirolactone10a in 68% yield (entry 1,
Table 2).13 Its reaction with allyl bromide provided the
corresponding allylated product10b in 78% yield (entry 2).14

The same conditions gave, with carboxylic ester8b, the
allylated product10c in 68% yield (entry 3).15 Cyclopropane
derived products (10d-e) were obtained after transmetalla-
tion to copper12 and trapping with PhCOCl in 71-75% yield
(entries 4-5).16

In summary, we have shown that primary alkyl iodides
bearing aγ-oxygen orγ-nitrogen substituent readily undergo
an I/Mg-exchange withiPr2Mg‚LiCl (3) or ClMg(CH2)5-
MgCl‚2LiCl (5). Quenching the resulting sp3-hybridized
Grignard reagent with a range of electrophiles allows the
preparation of various functionalized products (4a-n,
10a-e). Extension of this method to other alkylmagnesium
species is currently underway in our laboratories.
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Scheme 2. Reaction Pathway of the 1,5-Dimagnesium
Reagent5

Table 2. I/Mg-Exchange onâ-Iodalkyl Esters of Type8
Followed by Quenching with Electrophiles

a Isolated yields.b After transmetallation to copper using CuCN‚2LiCl
(1.0 equiv).
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