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ABSTRACT

Acyclic functionalized alkenyl iodides are converted with high stereoselectivity to the corresponding functionalized alkenylmagnesium derivatives
by the reaction with i-PrMgCl ‚LiCl between −40 and −20 °C. Functional groups such as a nitrile, chloride, iodide, and ester are readily tolerated.
The conversion of an alkenyl iodide bearing a keto group to the corresponding silylated cyanohydrin allows preparation of the corresponding
Grignard reagent affording, after acylation and deprotection, unsaturated 1,4-diketones.

Organomagnesium reagents are key organometallic inter-
mediates for organic synthesis.1,2 Whereas a standard prepa-
ration of these reagents is the direct insertion of magnesium
to an organic halide,1,3 this method is not suitable for the
preparation of functionalized organomagnesium compounds
because of the competitive reduction of several important
functional groups.4 Furthermore, the Mg-insertion to alkenyl
iodides or bromides is not stereoselective and provides an

E/Z-mixture of alkenylmagnesium reagents.5 Recently, we
have shown that an I/Mg exchange usingi-Pr2Mg leads
stereoselectively to alkenylmagnesium reagents.6 Unfortu-
nately, the relatively high temperature for performing the
exchange reaction (25°C) precludes the presence of func-
tional groups and only substrates bearing a chelating oxygen
atom at the appropriate position undergo the I/Mg-exchange
at lower temperature. Recently, we have found that the
complex i-PrMgCl‚LiCl7 (1) has a dramatically increased
reactivity for performing halogen-magnesium exchange
reactions compared toi-PrMgCl or i-Pr2Mg.8 This may be
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explained by the structure2 of this reagent, which displays
an extra negative charge at the magnesium center enhancing
the nucleophilic properties of thei-Pr group (Scheme 1).

With the reagent1, the I/Mg exchange now proceeds at
-25 °C or lower. This enhances considerably the functional
group compatibility and allows conversion of a variety of
functionalized alkenyl iodides of type3 to the corresponding
Grignard species4 with retention of the double bond
configuration. The reaction with various electrophiles pro-
vides polyfunctional alkenes of type5 with good yields and
excellent stereoselectivity (Scheme 1 and Table 1).

Thus, the reaction of (E)-1-iodo-oct-1-ene (3a; E:Z )
99:1) with i-PrMgCl‚LiCl (1.1 equiv) at-40 °C gives the
corresponding alkenylmagnesium reagent (4a), which reacts
with various electrophiles (aldehyde, DMF, or PhSSPh) to
provide the expected products5a-c with an excellent
stereoselectivity (E:Z) 99:1, entries 1-3 of Table 1).
Similarly, (Z)-1-iodo-oct-1-ene (3b;E:Z ) 2:98) furnishes
the correspondingZ-alkenylmagnesium chloride (4b), which
after reaction with an aldehyde or a disulfide leads to the
cis-products5d and5e in 69-70% (entries 4 and 5).

The mild reaction conditions required for the I/Mg ex-
change now allows the preparation of functionalized alken-
ylmagnesium compounds bearing a chloride (4cand 4d;
entries 6 and 7), an iodide (4e, entry 8), a cyanide (entries
9, 13, and 14), or an ester (entries 10-12). The expected
products (5f-5n) all were obtained in satisfactory to good
yields.

Although a ketone group is usually9 not compatible with
the presence of a carbon-magnesium bond, we have found
that the corresponding silylated cyanohydrin derivative7 of
1-iodo-oct-1-en-3-one10 can be readily converted into the
corresponding magnesium species8 and reacted after trans-
metalation with CuCN‚2LiCl with 3-iodocyclohexane or
benzoyl chloride, leading to the unsaturated diketones9aand
9b in 77% and 74% yield after deprotection of the interme-
diate cyanohydrin derivatives with Bu4NF and HCl (2 M in
H2O). In summary, we have developed a stereoselective
synthesis of polyfunctional alkenylmagnesium compounds
bearing various functional groups using the new reagent
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Scheme 1. Synthesis of Functionalized Alkenylmagnesium
Reagents Usingi-PrMgCl‚LiCl

Table 1. Products of Type 5 Obtained by the Reaction of
Polyfunctional Alkenylmagnesium Reagents withi-PrMgCl‚LiCl

a X ) Cl‚LiCl. b Isolated yield of analytically pure product.c The
exchange was performed at-40 °C for 7 h. d The exchange was performed
at -40 °C for 20 h.e The exchange was performed at-40 °C for 12 h.
f The exchange was performed at-40 °C for 5 h.
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i-PrMgCl‚LiCl. Extensions of this work to cyclic polyun-
saturated systems is currently under way in our laboratories.11
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(11)Typical Procedure. Preparation of 5k. A dry and argon-flushed
10 mL flask, equipped with a magnetic stirrer and a septum, was charged
with a solution of (E)-alkenyl iodide (3g, 155 mg, 0.5 mmol,E:Z ) 99:1)
in dry THF (0.2 mL).i-PrMgCl‚LiCl (2.0 M/THF, 0.55 mmol, 1.1 equiv)
was added slowly at-40 °C, and the resulting mixture was stirred at
this temperature for 12 h to complete the iodine-magnesium exchange
(checked by GC-MS analysis of reaction aliquots). Propionaldehyde (0.55
mmol, 1.1 equiv) was added. The mixture was warmed to room temperature
and was quenched with saturated aqueous NH4Cl solution. The aqueous
phase was extracted with ether (3× 20 mL). The organic fractions were
dried (MgSO4) and concentrated in vacuo. Purification by flash chroma-
tography (hexane/diethyl ether) 2: 1) yielded 99 mg (82% yield)5k as
a colorless oil.

Scheme 2. Synthesis of Unsaturated Diketones9a and9b
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