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Organomagnesium reagents are versatile organometallic
reagents that have found wide applications.1 The high
reactivity of the carbon-magnesium bond precludes the
presence of many functionalities in these organometallics.
However, low-temperature Grignard syntheses should allow
the generation of polyfunctional organomagnesium reagents
since they do not react to a great extent at -78 °C with
functional groups such as esters, amides, or nitriles.2
Unfortunately, the low-temperature insertion of activated
magnesium (Rieke-Mg) is inhibited by these functionalities.3
Recently,4 we have shown that polyfunctional aryl iodides
bearing an ester or nitrile function undergo a low-temper-
ature iodine-magnesium exchange5 in the presence of
i-PrMgBr or i-Pr2Mg. However, typical alkenyl iodides are
inert under these reaction conditions. Herein, we wish to
report reaction conditions allowing the stereoselective gen-
eration of alkenylmagnesium reagents as well as applica-
tions of this exchange reaction in solid-phase synthesis. In
strong contrast to functionalized aryl iodides for which the
iodine-magnesium exchange was complete using a stoichio-
metric amount of i-PrMgBr at -20 to -40 °C, alkenyl iodides
proved to be far less reactive. No exchange reaction was
observed with i-PrMgBr under these conditions. The reaction
of (E)-iodooctene (1a) with i-Pr2Mg (1.1 equiv) requires a
reaction time of 18 h at 25 °C for complete conversion to
the corresponding (E)-octenylmagnesium derivative (2a).
After treatment with tosyl cyanide (-78 °C, 5 h), the
corresponding nitrile 3a was obtained in 71% isolated yield
as only one stereoisomer showing that the iodine-magne-

sium exchange on alkenyl iodides proceeds with complete
retention of configuration of the double bond (Scheme 1 and
Table 1). Similarly, the reaction of 2a with benzaldehyde
provides only (E)-1-phenyl-2-nonenol (3b; entry 2 of Table
1) in 60% isolated yield. The reaction of a functionalized
alkenyl iodide like (E)-5-chloro-1-iodopentene (1b) with i-Pr2-
Mg is complete after 7 h at 25 °C, furnishing after respective
treatment with tosyl cyanide or benzaldehyde the stere-
ochemically pure (E)-products 3c and 3d in 72% and 62%
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Scheme 1

Table 1. Products of Type 3 Obtained after Quenching
Functionalized Alkenylmagnesium of Type 2 Prepared
via an Iodine-Magnesium Exchange of the Iodoalkenes

of Type 1 with i-PrMgBr or i-Pr2Mg

a Reaction conditions for the iodine-magnesium exchange reac-
tion with i-PrMgBr or i-Pr2Mg. b Key: (A) tosyl cyanide; (B)
benzaldehyde; (C) diphenyl disulfide. c Isolated yields of analyti-
cally pure product showing a stereomeric purity of the double bond
>99%.
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isolated yields (>99% E). The presence of an oxygen-
functionalized directing group6 should facilitate the iodine-
magnesium exchange. Therefore, we have examined the
reaction of polyfunctional 3-iodoallylic ethers such as 1c-f
(Scheme 2 and Table 1). The readily available (Z)-3-iodoal-
lylic ether7 1c was treated at -70 °C with i-PrMgBr for 12
h leading to a quantitative iodine-magnesium exchange
reaction. The resulting alkenylmagnesium derivative was
quenched with benzaldehyde, affording the expected (Z)-
unsaturated alcohol 3e (95% yield; >99% Z). Remarkably,
the related iodoallylic ethers 1d and 1f bearing a functional
group like a cyanide or ethyl ester and the iodoallylic
carbamate 1e undergo a clean formation of the correspond-
ing polyfunctional alkenylmagnesium reagents. After being
quenched with electrophiles such as benzaldehyde, diphenyl
disulfide, or tosyl cyanide, the desired products 3f-k were
obtained in 64-91% yield (>99% Z)8 (see Table 1). The
iodine-magnesium exchange also opens the way for the
preparation of alkenylmagnesium reagents for solid-phase
synthesis.9 Thus, the treatment of the resin-attached (Z)-
alkenyl iodides 1g and 1h with i-PrMgBr (10 equiv) in a
40:1 THF/NMP mixture at -40 °C for 1 h followed by the
addition of benzaldehyde (ca. 15 equiv) furnished after
cleavage from the resin (1:9 TFA/CH2Cl2, rt, 15 min) the 2,5-
dihydrofuranes 3l and 3m with 98 and 97% purity (Scheme

3).10 In the absence of NMP, a reaction time of 2.5 days was
required to complete the exchange reaction for 1g and 4 h
for 1h.11

In summary, we have shown that highly functionalized
alkenylmagnesium halides can be prepared at low temper-
ature via an iodine-magnesium exchange performed with
i-PrMgBr or i-Pr2Mg. Under these conditions, functional
groups such as a cyanide, a carbamate, or even an ethyl ester
are tolerated, and reactions with electrophilic functionalities
such as an aldehyde, tosyl cyanide, or diphenyl disulfide
proceed in good yields.12 This method is also suitable for
solid-phase organic synthesis and should find applications
in combinatorial chemistry.
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