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ABSTRACT
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The ionic liquid butylmethylimidazolium tetrachloroferrate (bmim-FeCl

the biphasic Grignard cross-coupling with primary and secondary alkyl halides bearing

Et,0, 0 °C, 10 min

1st run 86%
4th recyclation 76%

4) was found to be a very effective and completely air stable catalyst for

P-hydrogens. After simply decanting the product in

the ethereal layer, the ionic liquid catalyst was successfully recycled four times.

Since iron is one of the most inexpensive and nonpollutant papers of Furstner et al. dealt with the Fe(agaatalyzed
metals on earth, the scope for iron-catalyzed chemistry is of coupling of aryl triflate8 and enol triflate¥ as well as with

substantial interest? Recent advances in the field of iron-
catalyzed cross-coupling chemistry include the original work
of Kochi et al® and of Cahiez and Avedissidmonsidering

acid chloride¥**and propargyl epoxided.Further studies
on the use of various ironsalen catalysts were done by
Bedford et al., who also discovered the use of anhydrous

alkenyl bromides, as well as recent papers of Firstner andFeCk in combination with appropiate amine ligands to

co-workers who used iron—salen precatalystsd the
tetrakisferrate complex [Li(tmedafre(CGH,).. Nagano and
Hayashi showed the utility of Fe(aca€)in the coupling of
C(sp))—X compounds, whereas Firstner used Fe(acaa)
anhydrous FeGlfor the coupling of aryl halide%® Several
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diminish 8-elimination®® The catalyst system Feftoichio-
metric TMEDA for the coupling of Grignard and zinc

reagents was also described by Nakamura et al.; nevertheless,

slow addition of the Grignard reagent via a syringe pump
was necessary.In our current studies concerning the use
of ionic liquids for transition metal catalyzed reactidhsye
discovered that the iron-containing ionic liquid butylmeth-
ylimidazolium tetrachloroferrate (bmim-Feglis a very
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Table 1. Influence of Catalyst Concentration on the
bmim-FeCl-Catalyzed Cross Coupling of
4-Fluorophenylmagnesium Bromid@a and Dodecyl Bromidel

MgBr
\©\ n-CqoHos
F L
F

0.1-10 mol %
2a bmim-FeCl,
¥ —_— 3
Et,O
n-CqoHasBr 2 nCigHar™ > n-CroHpi”
1225 3b 3a
1
yield

entry  bmim-FeCly (mol %) 8% (%) 3ab (%)  3bb (%)

1 10 88.3 7.6 3.5
2 5 89.8 6.7 3.0
3 1 80.3 9.9 4.9
4 0.5 79.4 9.8 6.1
5 0.1 <0.1 0.5 0.4

a All reactions were carried out in D at 0°C with 2 mmol of R-X
and 3 mmol of ArMgX under air? Determined by GC—MS using
n-hexadecane as internal standard.

efficient catalyst for the Grignard cross coupling of alkyl
halides. Bmim-FeGlwas easily prepared in a solid state
reaction by mixing commercially available solid bmim-Cl
and FeCJ-6 H,0, yielding the hydrophobic ionic liquid as a
lower phase, and water, which can be easily sepat&idus
ionic liquid was already used on solid support as a catalyst
for Friedel—Crafts acylatio®, but, to the best of our
knowledge, no application in cross-coupling chemistry either
as catalyst nor as solvent has been reported so far. For initia
screening of catalytic activity, we chose an alkyl halide
bearing-hydrogens and examined the coupling between
dodecyl bromide and 4-fluorophenylmagnesium bromide
using 10 mol % of bmim-Fe@lcatalyst. The biphasic
reaction was initially run in dry diethyl ether as cosolvent,
but later studies showed that there is no difference using
technical instead of anhydrous ether. Furthermore, the
reaction proved to be completely air and moisture stable and
could be carried out without inert atmosphere. Since addition
of the Grignard solution was rather exothermic, cooling with
an ice bath during the addition is recommended, although
higher temperature did not have any negative influence on
the conversion.

Reactions proceeded very fast within 10 min and gave
product3in 88% yield and only small amounts of byproducts
from g-elimination Ba) and reductive eliminatior3p) (Table
1; entry 1) compared to analogous Fe(agac)alyzed
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Table 2. Results of Various Aryl Grignard Cross-Couplings
Catalyzed by bmim-Fe¢l

Entry” RX Ar-Met Product Yield®
n-CzHos
1 C1zasBr 2a \©\F 86
3
n-CyoHzs
y OB gy, ©\ 73
4
n-CqaHas
3 1-CygHpsBr 2 \©\Ph 60
5
Br
4 2b 64
6
Br O F
5 OO 2a O O 60
7
n-CeHyz
n-CgH
6 e 2b é 84
Br
8
7 ( j 2b O\Q\ 89
Br
9
g ( j 2a O\Q\ 79
|
9
9 ( ) 2a ©\©\ 75
cl
9
10 Q 2d ©\© 20°¢
Br
10
11 )\ 2a %\Q\ o
Br E
11
Br F
12 2a° 79
N /N
HCI
[ 12

a All reactions were carried out in g at 0°C with 2 mmol of R-X
and 3 mmol of ArMgX under air? Isolated yield after flash chromatography,
if not otherwise stated.Yield calculated from GEMS of crude product
using n-hexadecane as internal stand&rdo product could be observed
on GC—MS analysis$5 mmol of ArMgX used.
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reactions reported in the literatut8est results were obtained || NN

with a catalyst concentration of 5 mol %, giving 90% yield 1 pe 3. Recycling of bmim-FeGlin the Cross-Coupling of

whereas a lower catalyst concentration resulted in a slight 4_Fjyorophenyimagnesium Bromida and Dodecyl Bromide
increase of byproduct8a and 3b and a decrease of the

desired coupling produ&(Table 1; entries 24). Changing

entry® run conversion of 1° (%) yield of 3¢ (%)

the Grignard reagent to the electron rigtiolylmagnesium 1 1 >99 86

bromide as well as to 4-biphenylmagnesium bromide the 2 2 >99 n.a.
reaction proceeded also favorably, although with lower yields i i’ gg 7Z .
of 73 and 60%, respectively (Table 2; entries 2 and 3). 5 5 99 6

Moving to secondary alkyl halides, we observed a selective ‘ _ _ '
formation of the desied couping PIOGUBENGS without 54 *0Ers ere caried o n B a0°C v 2 el o X
any occurrence of-elimination or reductive elimination.  of crude product using-hexadecane as internal standarsolated yield
Thus, we could achieve considerably higher yields in the after flash chromatography.
coupling of 2-octyl bromide and cyclohexyl bromide with
Grignard reager2b (Table 2; entries 6 and 7) than reported extracted by washing the residue twice with 0.5 mL of diethy!
in the literature for Fe(acachs a catalystBoth cyclohexyl ~ ether each. Fresh alkyl halide-hexadecane as internal
iodide and chloride turned out to be suitable for the cross standard and 0.5 mL of diethyl ether as cosolvent were added
coupling even though the isolated yields of the coupling to the remaining bmim-Fe¢layer which had turned from
product9 are slightly lower (Table 2; entries 8 and 9). black to orange during the washing steps. Successive addition

The use of phenyllithium instead of an aryl Grignard ©f Grignard reagent gave an immediate color change to black,
reagent led to a significant drop of yield, and for the first @nd the catalytic cycle was found to be active again. Although
time the homocoupling product 1;dlicyclohexyl was de- conversion of the alkyl halide is almost complete, the isolated
tected in almost equal amount (Table 2; entry 10). Tertiary Yield of the desired coupling produgtslightly decreased
alkyl halides are less reactive: As Nagano and Hayashi havelfom 86% in the first run to 76% after the fifth one (Table
already reported for Fe(aca@s catalysf,no conversion at  3; entries +5). This may be explained by the fact that small
all could be detected usinggrt-butyl bromide (entry 11). ~ amounts of iron get removed from the ionic liquid phase
Secondary alkyl halides incorperating a heterocydlie ~ during extraction (compare to Table 1).
methyl piperidinyl structural motif proceeded also satisfy- N summary, we have established a new, easily prepared,
ingly, yielding 79% of coupling product2 (entry 12). and recyclable catalyst for iron catalyzed Grignard cross-

lonic liquids have proved to be excellent solvents for €PUPling of primary and especially of secondary alkyl halides
catalyst immobilization via liquietliquid biphasic catalysi& under mild and air-stable conditions. Further aspects includ-
In most cases, products and remaining starting materials carind_Stéreoselective coupling using a chiral ionic liquid-
be simply removed by decantation while the catalyst trapped derived iron catalyst as well as mecha_ln|st|c details via Raman
in the ionic liquid can be reused. Starting with 5 mol % of SPEctroscopy concerning the cgtalytlcally relevant iron spe-
bmim-FeC} and 0.5 mL of diethyl ether as cosolvent, we Ci€S are currently under investigation.
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