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Abstract

Ž . Ž . w yThe polymer-supported Fe III complex obtained by copolymerization of Fe AAEMA AAEMA sdeprotonated form3
Ž . xof 2- acetoacetoxy ethyl methacrylate with suitable acrylamides facilitates the coupling reaction between acyl chlorides and

Grignard reagents, affording ketones with yields up to 96%. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

The metal-catalysed cross-coupling reaction be-
tween an organometallic reagent and an organic
halide is a widely used method for the formation of

w xnew carbon–carbon bonds 1,2 . Recent examples of
such couplings count the reaction between triflates
and alkyl cuprates in the presence of catalytic amount

Ž . w xof copper I halides 3 , the reaction between unsatu-
rated alkyl bromides and diethylzinc in the presence

Ž . w xof Ni acac rLiI 4 and the reaction between Grig-2

nard reagents and alkyl bromides in the presence of

) Corresponding author. Tel.: q39-080-5963608; fax: q39-
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� w Ž .catalytic amount of Li MnCl C H CH NMe -2 6 3 2 2 2
x4 w x2,6 5 . However, while the use of soluble com-

plexes to promote this reaction is well established,
homogeneous catalysts are generally connected with
problems of separation, recovery and regeneration of
the catalysts.

To the best of our knowledge, the reported at-
tempts to run coupling reactions with a heteroge-

Ž .neous catalyst are represented by the use of Pd II
w x w xcomplexes anchored onto zeolites 6 , glass beads 7

w xor molecular sieves 8 as catalysts for the Heck
reactions between aryl halides and olefins, or the
coupling reaction of substituted chlorobenzene lead-
ing to biphenyls catalysed by coal-supported palla-

w xdium 9 .
In the last years, we have studied the catalytic

activity of new materials obtained by thermal
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copolymerization of complexes of general formula
Ž . ŽM AAEMA MsFe, ns3; MsNi, Co, Pd, nsn

y Ž2; AAEMA s deprotonated form of 2- acetoa-
. .cetoxy ethyl methacrylate with N, N-dimethyl-

acrylamide as comonomer, and N, N X-methylen-
ebisacrylamide as cross-linker. These materials
proved to be interesting heterogeneous analogues of

Ž .dioxygenato typically acetylacetonato soluble com-
Ž . Ž . Ž . Ž .plexes of Ni II , Fe III , Co II and Pd II for several

w xorganic reactions, including oxidations 10–14 ,
w xMichael addition 15 and hydrogenation reactions

w x16 .
In this paper we report on the catalytic activity of

Ž .a polymer-supported Fe III catalyst as a heteroge-
Ž .neous analogue of Fe acac that was found to be an3

active homogeneous catalyst for the synthesis of
ketones starting from an acyl chloride and a Grig-

w xnard reagent 17 .

2. Results and discussion

The protocol common to all reactions was ex-
tremely simple and consisted of the addition of a
Grignard reagent to a solution of an acyl chloride in
THF at room temperature, over half an hour time,
causing in each case the complete conversion of the
acyl chloride.

In order to check and compare the activity of the
Ž .b-ketoesterate complex Fe AAEMA with that of3

Ž .the b-diketonato Fe acac , we used both complexes3

as catalysts for the coupling reaction of hexanoyl
chloride with butyl magnesium chloride. Using
Ž .Fe AAEMA resulted in the obtainment of 96%3

yield in decan-5-one, a result comparable with that
Ž . Ž .obtained using Fe acac 97% . This finding en-3

couraged us to test the efficiency of the copolymer
Ž . Ž .of Fe AAEMA in the following Fe-pol , a hetero-3

Ž .geneous analogue of Fe acac as a supported cata-3

lyst for the coupling reaction of hexanoyl or benzoyl
chloride with several Grignard reagents, according to
Scheme 1.

Table 1 collects the scope of the investigated
catalytic reactions.

The tests carried out on each reported reaction in
the absence of a metal catalyst showed that in all

Scheme 1.

cases the yields toward ketones ranged between 5%
and 30%: the formation of several by-products such
as secondary and tertiary alcohols was observed.
When the reaction between hexanoyl chloride and
butyl magnesium chloride was carried out in the

Ž .presence of the supported Fe III catalyst, a result
comparable with those obtained in homogeneous

Ž .phase 96% isolated yield in decan-5-one, entry 1
was obtained. Elemental analysis carried out on the
recovered resin revealed that the residual metal con-
tent was 91% with respect to the initially present

Ž .metal loading 4.88% vs. 5.36% wrw . When recy-
cled, the resin showed comparable activity and selec-

Žtivity with respect to the first cycle 94% yield in
.decan-5-one, entry 2 . Good yields in ketones were

also obtained in the reactions between hexanoyl
Žchloride and ethyl magnesium bromide 91% yield in

.octan-3-one, entry 3 or methyl magnesium chloride
Ž .84% yield in heptan-2-one, entry 4 . The yield in
ketone was considerably lesser when nonyl magne-

Žsium bromide was used isolated yield in pentade-
.can-6-one: 61%, entry 5 .

The coupling of aromatic Grignard reagents such
as phenyl magnesium chloride or p-methoxy-phenyl
magnesium chloride with hexanoyl chloride resulted
in the synthesis of hexanophenone and p-methoxy-

Ž .hexanophenone with yields as high as 71% entry 6 ,
Ž .and 60% entry 7, isolated yield .

The yield in decanophenone obtained using ben-
zoyl chloride and nonyl magnesium bromide was

Ž .42% entry 11 . Higher yields were obtained with
short-chained Grignard reagents: 57% yield in

Ž .butyl-phenylketone entry 8 , 67% in ethyl-phenylke-
Ž . Ž .tone entry 9 and 86% in acetophenone entry 10 .

When phenyl magnesium bromide was reacted with
benzoyl chloride, a good yield in benzophenone
Ž .79%, entry 12 was obtained, whereas p-metho-
xyphenyl magnesium chloride reacted with benzoyl
chloride under the reported catalytic conditions,

Žyielding 52% in p-methoxy-benzophenone entry
.13 .
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Table 1
Synthesis of ketones

All reactions were performed on 1.2 mmol scale; the conversion of the starting acyl halide was quantitative. The molar ratio between the
Grignard reagent and the acyl chloride was 1:1 and the molar ratio between the acyl chloride and the supported metal was 33.3:1.

a Yields were determined by GLC; the yields of isolated purified products are shown in parentheses.
bRecycle of the previous run.

From the reported data it can be concluded that
Ž .the copolymer of Fe AAEMA represents one of3

the few examples of heterogeneous catalysts for

C–C bond formation reactions: it was found respon-
sible for the enhanced selectivity toward ketones in
the coupling reactions between acyl chlorides and
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Grignard reagents, the best results being obtained
with aliphatic acyl chloride and short-chained alkyl
magnesium halide.

3. Experimental

Chromatographic analyses were carried out on a
Hewlett Packard 6890 instrument using an HP-5

Žphenyl-methyl-siloxane capillary column 30.0 m=
. Ž .0.32 mm=0.25 mm . GCMS data EI, 70 eV were

acquired on an HP 5973 instrument. Conversions and
yields were calculated by GLC analyses as moles of
ketone per mole of starting substrate by using the
internal standard method. THF was distilled, dried
and stored under N on metal sodium.2

Hexanoyl chloride and benzoyl chloride were pur-
chased from Aldrich and distilled prior to use. Grig-
nard reagents were prepared in THF from the corre-
sponding chlorides or bromides and titrated immedi-

Ž .ately prior to use. The supported Fe III catalyst was
synthesised by thermal copolymerization of
Ž . w yFe AAEMA AAEMA sdeprotonated form of3
Ž . x2- acetoacetoxy ethyl methacrilate with N, N-di-

methylacrylamide, and N, N X-methylenebisacryla-
w xmide, according to Ref. 10 and contained 5.36%

wrw of Fe.
In the case of 2-heptanone, benzophenone, 4-

methoxybenzophenone, propiophenone, hexanophe-
none, decanophenone, 3-octanone, valerophenone
and acetophenone, the products were identified by
comparison of their MS spectra and retention times
in GLC analyses with those of commercially avail-

Ž .able samples. 1- 4-Methoxyphenyl -hexan-1-one and
decan-5-one were isolated from the reaction medium

wby silica gel chromatography eluants used for
Ž .1- 4-methoxyphenyl -hexan-1-one: petroleum etherr

ethyl acetate 10:1; for decan-5-one: petroleum etherr
xethyl acetate 40:1 , and characterised by comparison

of their spectroscopic features with those respec-
w xtively reported in literature 18–22 . Pentadecan-6-

one was purified by silica gel chromatography
Ž .eluants: petroleum etherrethyl acetate 40:1 and
characterised on the basis of the following spectro-
scopic features.

Pentadecan-6-one: white needles, m.p.: 31.9–32.9,
Ž w x. Ž y1 . Ž . Ž .lit. 32.5–33 22 , IR cm : 2959 s , 2930 vs ,

Ž . Ž . Ž . Ž . Ž .2858 s , 1714 s , 1411 m , 1376 w , 1243 w ,
Ž . Ž . 1 Ž .1131 w , 721 w . H NMR CDCl ppm: ds2.363

Ž 5 7 . Ž 4pt, 4H, C H , C H , ds1.54 m, 4H, C H ,2 2 2
8 . Ž . Ž 1C H , ds1.26 m, 16 H , ds0.86 m, 6H, C H ,2 3
15 . 13 Ž .C H . C NMR CDCl : 11.28, 11.29, 13.91,3 3

14.09, 22.45, 22.65, 23.56, 23.89, 29.26, 29.41,
Ž . w31.43, 31.65, 42.76, 42.82, 211.8 C5O . MS mrz,

Ž .x Ž . Ž . Ž . Ž . Ž .I % : 41 22 , 43 46 , 58 42 , 71 88 , 85 34 ,rel
Ž . Ž . Ž . Ž . Ž .99 74 , 114 27 , 115 27 , 127 34 , 155 100 , 170

Ž . Ž . Ž q.17 , 183 15 , 226 8, M .

3.1. General procedure for the coupling reactions

The whole procedure was carried out under nitro-
gen. A three-necked flask, equipped with a dropping
funnel and a Torione stopcock, was charged with

Ž . Ž .the acyl chloride 1.2 mmol , the Fe III complex
w Ž . Ž .Fe acac , Fe AAEMA , or the supported iron3 3

polymer, in all cases Feracyl chlorides1r33.3
x Žmolrmol and the internal standard biphenyl, 60

.mg in 12 ml of anhydrous THF and kept under
Žvigorous stirring. The relevant Grignard reagent 1.2

.mmol in 2.0 ml of THF was added dropwise to the
solution over a 20-min time. The reaction mixture
was kept under stirring for further 5 min at room
temperature and then analysed.

In order to perform a recycle, the catalyst was
Žrecovered by centrifugation, washed with THF 3=5

. Ž . Ž . Žml , water 5 ml , EtOH 3=5 ml and Et O 3=52

.ml and dried under high vacuum.
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