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Abstract: The iodine—magnesium exchange reaction
allows the preparation of polyfunctional aryl, heteroaryl,
or alkenyl magnesium reagents at low temperature. These
reagents display the typical reactivity of Grignard com-
pounds and undergo various copper-catalyzed reactions
such as allylation or 1,4-addition. Using this halogen—
metal exchange reaction, it was possible to generate
polyfunctional magnesium reagents on the solid phase.
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Introduction

The use of polyfunctional organometallic compounds has
greatly expanded the scope of the applications of organo-
metallic chemistry in organic synthesis. The first polyfunc-
tional organometallic compounds currently used in organic
synthesis were organotin derivatives!!! and organozinc re-
agents.”l All these organometallic reagents bear a highly
covalent carbon—metal bond. Its low reactivity requires the
use of transition metal catalysis (Cu, Pd, Ni).['2 Polar
carbon —metal bonds were believed to be incompatible with
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the presence of carbonyl group derived functionalities.P!
Although, the presence of some functional groups were
tolerated in organolithium compounds.l Parham et al.l’! has
demonstrated in pioneer work that a cyano groupl® or a nitro
groupl® is tolerated in aryllithium compounds at low temper-
ature.l Grignard reagents have a more covalent bond than
organolithium compounds and therefore have a reduced
reactivity. Many reactions of organomagnesium compounds
with electrophiles require room temperature or heating for
completion. A low-temperature preparation of Grignard
reagents should allow the synthesis of polyfunctional magne-
sium organometallic compounds. The use of highly activated
magnesium for such a preparation is not possible, since highly
electrophilic functions inhibit the insertion of magnesium into
a carbon —halogen bond.®l However, the iodine — magnesium
exchange reaction should be an excellent method for the
synthesis of highly functionalized magnesium reagents.”!
Herein, we wish to report the application of this exchange
reaction for the preparation of a wide range of polyfunctional
unsaturated Grignard reagents. The presence of functional
groups in organomagnesium compounds considerably enhan-
ces the scope and applications of these reagents.

Discussion

A. Preparation of polyfunctional arylmagnesium reagents:
Whereas unfunctionalized aryl iodides such as 1-iodonaph-
thalene undergo an iodine —magnesium exchange at room
temperature (25°C, 0.5 h) with iPr,Mg or somewhat slower
with iPrMgBr (25°C, 1h) leading to the corresponding
arylmagnesium reagents 2a, the presence of electron-with-
drawing functionalities dramatically improves the rate of the
iodine — magnesium exchange leading to polyfunctional mag-
nesium compounds of type 2 (2b-d) (Scheme 1).

Thus, the presence of a bromine atom in para position
allows the generation of the magnesium reagent at —25°C
within 0.5 h. More strongly electron-withdrawing groups such
as a cyano group or an ester function allow a fast exchange
reaction at —40°C (see the preparation of 2¢ and 2d in
Scheme 1).'% The resulting Grignard reagents (2) react with
aldehydes in good to excellent yields. For the performance of
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: MgX
PrMgBr (1.0 equiv) =
° Fa—_ |

2: X =Bror FG-CgH4

PN
FG— |

X or PraMg (0.5 equiv)
THF, 25 °C to -40 °C

1 FG = Br, CN, COsEt
MgX MgBr MgBr MgBr
Br CN CO,Et
2a:25°C,05h 2b:-25°C,05h 2¢:-40°C,1h 2d:-40°C,1h

Scheme 1.

allylation reactions, copper catalysis (CuCN-2LiCH)' is
necessary to realize fast reaction rates (Scheme 2).

PhCHO, THF OH
EtO,C MgBr — «  EtOC
Ph

-40°Cto 25°C

90 %
/\/Br
CuCN - 2 LiCl cat. —
-40 °C to 25 °C
75 %

Scheme 2.

By a transmetalation with
zinc bromide, stable functional-
ized organozinc reagents are

In the presence of trimethylsilyl chloride (1 equiv) and a
catalytic amount of Cul-2LiCI"™ (10 mol%), the direct
1,4-addition of the polyfunctional Grignard reagents
such as 1f to enones proceeds under mild conditions!" and
provides the desired Michael adduct 6 in good yield
(Scheme 4).014

l 1) PrMgBr
-40°C,0.5h (0]
2) CuCN - 2 LiCl
COEt (10 mol%) CO.Et
11 /\c[)]/ 6:80 %
Scheme 4.

Preliminary results show that cyclizations can be performed
by generating a polyfunctional Grignard reagent of type 7
(X=CH, or O) prepared from the corresponding aryl iodide
of type 8 (X =CH, or O). The ring-closing reaction smoothly
occurs at —60°C leading to the products 9a and 9b in 50 %
yield (Scheme 5).1]

Recently, a delicate oxidation reaction induced by an
iodine —magnesium exchange has been successfully per-
formed in the course of the final steps of the synthesis of

CO,R

OsR
@(l 2 ProMg (1.1 equiv)
obtained which can be warmed X

THF, -60°C

up to room temperature. Thus,
ethyl 2-iodobenzoate (le) is
converted to the corresponding
Grignard reagent by the reac-
tion with iPrMgBr (—40°C,
0.5h) and treated with zinc bromide affording the corre-
sponding zinc reagent 3, which undergoes a nickel-catalyzed
cross-coupling with the alkyl iodide 4 in THF:NMP (N-
methyl-2-pyrrolidinone) providing the polyfunctional product
51in 72% yield (Scheme 3).1%

8a: X=0;R=Me
8b: X =CHy; R = Et

Scheme 5.

Y on
X -60 °C

9a: X = O; R=Me: 50 %

7:X=CHzor O 9b: X = CHy; R = Et: 50 %

the antibiotic vancomycin.!') Thus, the complex aryl iodide 10
(X=I) was converted to the corresponding magnesium
reagent 11 (X =MgBr) by the treatment with MeMgBr and
iPrMgBr (excess) followed by the addition of B(OMe);
(excess) leading to the boronic ester 12 (X=B(OMe),),

which was converted to the

desired phenol 13 (X=OH)

Q ou N by the treatment with an
O\l)j) : > alkaline solution of H,0,
I, COgEt 1) PrMgBr BrZzn  COzEt | (Scheme 6).01'!
Pr .
@ 9 @ 4 FO:EL The preparation of organo-
-40°C,05h Niacac), (10 mol%) metallic reagents on a resin is an
2) ZnBr, THF :NMP (2: 1) . X i }
-20°C, 4 h important reaction since it al-
e 3 5:72% lows the use of organometallic

Scheme 3.

Abstract in French: La synthése d’organomagnésiens poly-
fonctionalisés aryliques, hétéroaryliques et vinyliques a été
réalisée par échange iode-magnésium a basse température.
Leur réactivité vis a vis de différents électrophyles (allylation,
addition 1-4 ..) a été étudiée ainsi que leur application en
phase solide.
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reagents in solid-phase synthesis

for applications in combinatori-

al chemistry!””! leading to poly-
mers of type 15 (Scheme 7). Various substituted aryl iodides
can be attached to Wang resins through an ester function.
After treatment with an excess of iPrMgBr at —30°C for 15—
30 min, the corresponding Grignard reagents 15 are obtained
with >95% conversion and quenched with various electro-
philes (Scheme 7). This method shows an excellent general-
ity and the yields as well as HPLC purities are usually high.
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As indicated above, the presence of an a-heteroatom
facilitates the halogen —magnesium exchange considerably so
that a bromine — magnesium exchange can be performed on
resin-bound a-bromofurans or a-bromothiophenes such as
19a or 19b under mild conditions (—35°C, 0.5 h) leading after
the quenching with an electrophile to the functionalized
heterocycles 20a and 20b in excellent purity (Scheme 8).['"]

C. Preparation of other polyfunctional magnesium reagents:
MeO Alkenyl iodides undergo the iodine —magnesium exchange
reaction less readily and the reaction of (E)-iodoctene with
10: X = | iPr,Mg (1.1 equiv) requires more than 18 h at 25 °C. This slow
%?&Aggrr exchange rate precludes the preparation of alkenylmagnesi-
11: X = MgBr B(OMe)s um derivatives bearing a remote sensitive functionality.
12: X = B(OMe),
H202-NaOH
13: X=0H
Scheme 6.

However, if an allylic oxygen functionality is present in the
(Z)-alkenyl iodide, the exchange reaction becomes very fast
and the ester-substituted alkenyl iodide 21 undergoes a
stereoselective iodine —magnesium exchange reaction even

at —70°C (12h) leading to the
Q COzH alkenylmagnesium reagent 22. Af-
PrivigBr (7 equiv) O_OJ\©\ 1) TosCN
| -35°C,05h MgBr 2) CF3COzH
CN
95 % HPLC-purity

(overall yield >50 %)

o}
O—o ter its addition to benzaldehyde,
the pure (Z)-allylic alcohol 23
is obtained in 79% yield
(Scheme 9).! Recently, we have
found that magnesium carbenoids

of type 24 can be prepared by an

14 15

Scheme 7.

B. Preparation of polyfunctional heteroarylmagnesium re-

agents: The presence of heteroatoms often facilitates the Ph Ph Ph
iodine —magnesium exchange reaction either by complex- H\ (g N
ation of the Grignard reaction, thus making the iodine-— o i O Mgbr o
magnesium exchange a fast reaction, or by an inductive effect PrMgBr HO" Ph
as in the case of electron-poor heterocycles such as pyridines.
Thus, various polyfunctional pyridines such as 16 smoothly
react with iPrMgBr (1.1 equiv) in THF at —35°C (0.5h)
furnishing the expected heterocyclic Grignard reagents 17.
After allylation in the presence of a catalytic amount of 21 22 23

PhCHO

THF, -70°C, 12 h

CO,Et CO,Et CO,Et

CuCN, the expected polyfunctional pyridine 18 is obtained in ~ Scheme 9.
82% yield (Scheme 8).1'%1
| MgBr N iodine — magnesium exc.ha!nge in
N COEL PrMgBr (1.1 equiv) = | COEt A~ Br | COREt TI;E;F ;gB;ﬂ(lﬁbfstgirr;giﬁzngoz
SN el THF,-35°C,05h SN~ CUuCN cat. N el the readily available iodomethyl piv-
alate 25. After the addition of benzal-
16 17 18:82% dehyde in the presence of trimethyl-
0 o silyl chloride (TMSCI) (3 equiv), the
QO O _Br M)_, O_O )j\@/MgBr 1) TosCN o /ﬂ\ N selectively mono-protected 1,2-diol
>/ THF, -35°C, 0.5 h \_/ 2) CFgCOH T2 o derivative 26 is obtained in 81%
19a 20a: 94 % [ (Scheme 10).2
0 0 In conclusion, we have shown that a
S._pgr [PrMgBr (excess) S\ MgBr low-temperature iodine —magnesium
O_O \_/ O_O W/ or in some cases bromine —magnesi-

THF, -35°C, 0.5 h

18b
CO,Et
Br CO,Et
CuCN-2LiClcat. 19207 s
20b: 94 % @

Scheme 8. [a] HPLC purity (UV, 254 nm).
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um exchange allows the preparation
of highly functionalized aryl, alkenyl,
and alkyl magnesium reagents bearing
ester, cyano, or amide functional
groups. It greatly extends the scope
of synthetic applications with organo-
magnesium reagents.
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9 PrMgCl

PhCHO (1.05 equiv)

Organomet. Chem. 1976, 113,
107-113; e) D. Seyferth, R. L.

o}
|/\O)$< CIMg/\O)%

25 24
Scheme 10.

THF : NBP
-78 °C, 15 min
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