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Abstract: Highly functionalized Grignard-reagents can be easily obtained by an iodine–mag-
nesim exchange reaction and further reacted with various electrophiles. Via a B–Zn exchange
reaction, a formal Michael addition with umpolung of the reactivity can be achieved. Chiral
phosphine ligands can be easily synthesized by a 2.3 sigmatropic rearrangement and used
successfully in asymmetric synthesis.

INTRODUCTION

Functionalized organometallic reagents are versatile intermediates for the preparation of complex poly-
functional molecules [1]. In this lecture, the preparation and reactions of new polyfunctional aryl- and
alkenylmagnesium reagents will be discussed. Functionalized chiral zinc reagents have been used to
perform a novel formal Michael addition reaction with inversion of polarity and finally, new main-
group, metal-catalyzed addition reactions of diorganophosphines (R2PH) and carbonyl derivatives to
unactivated alkenes will be reported.

PREPARATION OF FUNCTIONALIZED ORGANOMAGNESIUM REAGENTS

Functionalized organomagnesium reagents can be readily prepared by performing an iodine-magne-
sium exchange reaction [2]. This reaction tolerates a broad range of functionalities, and even an elec-
trophilic methyl ester group is tolerated in this exchange reaction. Thus, methyl-4-iodobenzoate is read-
ily converted into the magnesium reagent 1, which is stable for several hours at 0 °C. It reacts in good
yields with various aldehydes leading to the benzylic alcohols 2 and 3 (Scheme 1).
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Remarkably, various nitrogen functionalities, such as amines or nitro groups, are tolerated in these
reactions, and the resulting polyfunctional aminated Grignard reagent can be used for the preparation
of highly functionalized indoles like 4 (Scheme 2).

These Mg-organometallics also readily undergo palladium-catalyzed cross-coupling reactions
under mild conditions [3] with chloro- or bromo-pyridines like 5. The reaction may involve a palladate
intermediate such as ArPdL2

–MgX+, which reacts rapidly with the 2-halopyridine via an addition-elim-
ination mechanism leading to the expected products such as 6 in 95% (Scheme 3).

Copper(I)-mediated cross-coupling reactions of functionalized arylmagnesium compounds with
functionalized primary alkyl iodides and benzylic bromides proceed smoothly at room temperature in
the presence of P(OMe)3, affording the expected Csp3-Csp2 cross-coupling products like 7 and 8
(Scheme 4).

This exchange reaction can successfully be applied to the preparation of various new functional-
ized alkenyl- and cyclopropyl magnesium species. Thus, Z-ethyl 3-iodocrotonate 9 is readily convert-
ed into the corresponding alkenylmagnesium species 10, which, after the reaction with various elec-
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trophiles like ethyl (2-bromomethyl)acrylate, 3-iodo-2-methyl-2-cyclopentanone, or benzaldehyde,
affords the products 11–13 (Scheme 5). 

Interestingly, the 2-iodo unsaturated lactone 14 is similarly converted into the corresponding mag-
nesium species 15 by the reaction with i-PrMgCl. After the addition of various electrophiles in the pres-
ence of CuCN·2LiCl, the expected products of type 16 are obtained in 52–81% yield (Scheme 6).
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FUNCTIONALIZED CHIRAL SECONDARY ALKYZINC REAGENTS FOR MICHAEL
ADDITIONS WITH UMPOLUNG

Chiral secondary alkylzinc compounds can be readily prepared via a stereoselective hydroboration,
boron–zinc exchange sequence. The reaction can be applied to cyclic and acyclic trisubstituted alkenes
such as 17, allowing the relative stereocontrol of four chiral centers (Scheme 7) [4,5].

The reaction of these chiral zinc reagents proceeds with a broad range of electrophiles with reten-
tion of configuration. This stereoselectivity is also observed in open-chain systems like E- and Z-18
(Scheme 8) [6]. 

This methodology has been applied in a Michael addition with inversion of polarity. Thus, the
protection of an unsaturated aldehyde or ketone as an acetal or a ketal produces, after asymmetric
hydroboration with (–)-IpcBH2 and boron–zinc exchange, the chiral organozinc reagent 19, which
reacts with several carbon electrophiles, furnishing the expected products with high retention of con-
figuration. This sequence can also be applied to protected exo-alkylidene cyclohexanone leading to the
chiral organozinc reagent 20, which reacts with high retention of the configuration producing the ally-
lated compound 21 in 51% yield (Scheme 9).
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NEW CHIRAL 1,2-DIPHOSPHINES FOR THE ASYMMETRIC Rh-CATALYZED
HYDROBORATION

Cyclic chiral allylic alcohols such as 22 are readily converted into the corresponding phosphinite 23.
By heating to 110 °C, a 2,3-sigmatropic shift occurs leading to a chiral phophineoxide (24), attached to
a quaternary carbon atom with complete retention of configuration. This reaction can be applied to chi-
ral diols such as 25, leading to a variety of 1,2-diphosphines of type 26. These diphosphines give excel-
lent results in the rhodium-catalyzed hydroboration of styrenes [7,8]. This reaction has also been
extended to the preparation of chiral 1,2-diamines (Schemes 10 and 11) [9].
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CATALYTIC ADDITION OF CARBONYL COMPOUNDS AND PHOSPHINES TO ALKENES

Recently, we have shown that nitriles and ketones add under mild conditions to styrenes in the presence
of catalytic amounts of t-BuOK [10]. We have now found that t-BuOK also catalyzes the addition of
ketones and nitriles to vinylic silanes, phosphines and thio-derivatives [11]. Furthermore, these condi-
tions also allow a smooth addition of R2PH and R2P(O)H to various alkenes, allowing the preparation
of various functionalized phosphines. Applications to the preparation of chiral 1,2-diphosphines will be
presented (Scheme 12).
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