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Abstract

Cluster Grignard reagents;BsMg4F have been obtained by direct magnesium cluster insertion into C—F bond in fluo-
robenzene with magnesium vapors co-condensates at low temperature. The appearance of metal cluster in organomagnesiur
molecule leads to unusual non-transition metal cluster compounds catalytic properties studied on halogen exchange reaction
RF+ R'Cl - RCI+ R’F as example. Cluster Grignard reagents catalyze the fluorobenzene reaction with alkyl chlorides due
to reversible magnesium cluster insertion into C—F and C—Cl bonds. © 2002 Elsevier Science B.V. All rights reserved.
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Grignard reagents (RMgX) have been known for in particular catalytic activity appearance. Here we
over 100 years. They represent a useful and importantreport the first results of cluster Grignard reagents
class of reagents to synthetic organic chemistry [1]. catalytic properties study.

It can be expected that during this long period, all

the significant questions regarding the formation and
activity of these reagents might have been answered,
but in practice, this is not the case. For example, in
some systems, notably involving fluorohydrocarbons, i i i
Grignard reagents appear to be impossible produced Cluster Grignard reagents synthesis was carried

by classical way. However, in MVS conditions, when o_ut in reactor similar to that 'de.scribed.in [3]. Magne-
reactions proceed in reagents co-condensates deSium was evaporated by resistive heating. Metal vapor

posited onto the cooled surface, all organic halides was co-condensed witheBlsF excess qnto a surface
react with magnesium [2,3]. MVS in the systems cooled to about 77 K. Co-condensation areas were

CeHsX—Mg (X = Br, Cl and even F) leads to the 200 cnf in glass reactor and 0.5%in metal reactor,
CsHsF/Mg molar ratios were 40-1000. The matrices

1. Experimental

formation of cluster Grignard reagents, which present ; da TTK dark b b ol
the first example of novel type of organometallic ormed at Were dark brown, became coloriess

clusters obtained by direct metal cluster insertion into &t 100-130K and meited when warmed to ambient

strong interatomic bond [4]. The presence of metal :t{_emp(_eraf:ure. bPhenyItetramagnesm?_wlt ﬂugrtlde SIOL;J-
cluster nucleus in organometallic molecules results HONS !N fluorobeénzene excess were hitered (o exciude

in unusual organomagnesium compounds properties,th,e presence C?f aggregateq magnesium. Reaction
with organic halides was carried out at temperatures
- _ —3 3
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proceeds with gHsD formation in accordance with
[4,5]. Reaction mixture gave ¢ElsD and GH17D

on deuterolysis. Product composition was detected
by GC, GC/MS. Organomagnesium compounds were
identified by MALDI-TOF MS (matrix assisted
laser desorption ionisation—time of flight mass spec-
trometry). Mass spectrometry measurements were
performed at room temperature. Samples of the com-
pounds in organic halide solution (RX) were put on
the target, and after RX evaporation were introduced
into mass spectrometer whose inlet system was iso-
lated by a dry box. MALDI-TOF mass spectra were
recorded by a Vision 2000 mass spectrometer.

1.1. Catalytic activity of CgHsMgyF

Classical Grignard reagents interaction with organic
halides leads to the formation of cross-coupling reac-
tion products [5]:

RMgX + R'Y = RR + MgXY Q)
However, for cluster Grignard reagents RNg
there are two ways of the reaction [6]. Only
bromo-substituted clusters enter to the reaction (1). In
the case of chloro- and fluoropolymagnesium halides,
halogen exchange is observed [6]:

RMg,X + RY =R'’X+RMg,Y (X=CILF) (2)

Apart from reaction (2), halogen exchange between
organic halides

RF+ R'Cl - RCI+RF 3)
was found to be realized in the presence of phenylte-
tramagnesium fluoride in catalytic regime. The yields
of RF were found to be up to 21 molpermol of
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Table 1

CgH17F yields ([GH17F])/[CsHsMg4F], mol/mol) for interaction
of CgH17Cl with CgHsF in the presence of éElsMg4F obtained
by MVS in the systems gHsF—Mg at different GHsF/Mg ratio
([CeHsMg,F] = 2.1 x 1073 M, [CgH17Cl] = 3.6 x 1072 M)

CeHsF/Mg in MVS [CgH17F)/[CeHsMgaF]
1h 20h
117 0.20 17.6
258 0.21 17.3
370 0.22 17.5
583 0.20 17.5

The scheme assumes reversible metal clusters in-
sertion into different C-X bonds confirmed by
MALDI-TOF MS. Organomagnesium compounds
composition data are presented in the Tables 3 and
4 for the interaction with chlorobenzene and alkyl
chloride. As it is shown in Table 3, there are four
CsHsMg4F peaks ain/z = 193-196 Da in the spec-
trum before the reaction, and these peaks were present
in all samples irrespective of reagent ratio in the
preparation procedure. We attributed them to so-called
“quasi-molecular” ion [GHsMg,F + H]™ [4]. The
intensities of these four peaks are in a good agreement
with the theoretical isotope distribution fogBsMg4F
molecule. After the reaction with chlorobenzene was
ended they disappeared. Simultaneously, five peaks
of the phenyltetramagnesium chloride protonated
molecules ain/z = 209-213 Da was shown [4]. MS
data for the phenyltetramagnesium fluoride interac-
tion with octyl chloride are presented in the Table 4.
Before the reaction there are four peaks gHgMg4F
protonated molecules at/z = 193-196 Da. After
the reaction there are five peaks of the phenyltetra-
magnesium chloride protonated moleculesndt =

organomagnesium cluster. The data are presented in

the Tables 1 and 2. The tables show that catalytic
activity of phenyltetramagnesium fluoride does not
depend on reagents ratio in co-deposition procedure.

The catalytic reaction (3) viewed as halogen ex-
change possibly proceed via magnesium cluster
exchange:

C6H5Mg4F + CgH17Cl — CgH17F + C6H5Mg4CI,
C6H5Mg4C| + CgH17ClI

— CgH5Cl + CgH17Mg,Cl, etc (4)

Table 2

Halogen exchange reaction products yieldgH&F and GHsCI,
for interaction of @H17Cl with CgHsF catalysed by gHsMgaF
at different concentrations, fElsMgsF], [CsH17Cl] = 0.7 M, re-
action time 20h

[CeHsMg4F], [CeHu7Fl/ [CeHsCIY
103M [CeHsMg4F] [CeHsMgaF]
0.15 23.7 21.5

0.30 25.6 19.1

0.41 27.3 18.2

0.48 27.5 18.3
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Table 3

MALDI-TOF MS data for products of gHsCl reaction with GHsMg4F obtained by MVS in the systemsgBsF-Mg at different
CsHsF/Mg ratio

CsHsF/Mg in synthesis eHsMg4F (before reaction) After reaction withgB5Cl
m/z (Da) Molecular ion m/z (Da) Molecular ion

63 193-196 [GHsMg,F + H] ™ 209-213 [GHsMg,Cl + H] T
117 193-196 [6HsMg,F + H] ™ 209-213 [GHsMg,Cl + H] ™
328 193-196 [€HsMg,F + H]*+ 209-213 [GHsMg,Cl + H]+
475 193-196 [€HsMg,F + H] ™ 209-213 [GH5Mg,Cl + H] ™
518 193-196 [€HsMg,F + H]*+ 209-213 [GHsMg,Cl + H]+
760 193-196 [€HsMg,F + H] ™ 209-213 [GH5Mg,Cl + H] ™
Table 4

MALDI-TOF MS data for products of gH;7Cl reaction with GHsF in the presence of dHsMga4F obtained by MVS in the systems
CsHsF—Mg at different GHsF/Mg ratio

CeHsF/Mg in synthesis eHsMgsF (before reaction) After reaction withg€17Cl
m/z (Da) Molecular ion m/z (Da) Molecular ion
75 193-196 [GHsMg,F + H] ™ 209-213 [GHsMg,Cl + H] ™
244-250 [GH17Mg,Cl + H] T
136 193-196 [€HsMg,F + H] T 209-213 [GH5Mg,Cl + H] ™
244-250 [GH17Mg,Cl + H]*
374 193-196 [€HsMg,F + H] T 209-213 [GH5Mg,Cl + H] ™
244-250 [GH17Mg,Cl + H]*
493 193-196 [€HsMg,F + H] T 209-213 [GH5Mg,Cl + H] ™
244-250 [GH17Mg,Cl + H]+
540 193-196 [€HsMg,F + H] T 209-213 [GH5Mg,Cl + H] ™
244-250 [GH17Mg,Cl + H]+
780 193-196 [€HsMg,F + H] T 209-213 [GH5Mg,Cl + H] ™
244-250 [GH17Mg,Cl + H]t

209-213Da and seven peaksnatz = 244-250 Da of the clusters exchange reaction is not yet clear.

attributed to quasi-molecular ions of octyltetramag- We can assume that reaction proceeds throughout or-

nesium chloride protonated molecules. Consequently, ganic chloride oxidative addition and organic fluoride

phenyltetramagnesium chloride and alkyltetramag- reductive elimination:

nesium chloride have been obtained in the reac-

tion (4) independently on cluster Grignard reagent R F

MVS conditions. The formation of the organomag- gmg,F + R'CI = \Mga/ — RF+RMg, Cl

nesium compounds mentioned have been confirmed N

by CsHsD and GH17D getting on reaction mixture R cl

deuterolysis. Phenyl- and alkyltetramagnesium chlo-

ride formation appear to be proceeded due to mag- This mechanism is similar to the classical

nesium cluster exchange. This fact demonstrates theaddition—elimination scheme known for catalytic

possibility of reversible magnesium cluster insertion reactions on transition metals. The mechanism men-

in various C—X bonds with conservation of cluster tioned has been discussed for the organomagnesium

nuclearity. cluster compounds interaction with hydrocarbons [7].
Consequently, organopolymagnesium halides can It should be noted that transformation takes place

act as magnesium clusters source. Detail mechanismeven at low temperature. The product yields for the
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Table 5

Halogen exchange reaction productgHz;F, yields (GH17F/Mg, mol/atom) at various temperatures for the interaction gHGCI
with CgHsF in the presence of §ElsMg4F obtained by MVS in the systemsgBsF—Mg at different GHsF/Mg ratio ([GsHsMg,F] =
2.1 x 1073 M, [CgH17CI] = 3.0 x 1072 M, reaction time 1 h)

CsHsF/Mg in MVS CgH17F, yields (GH17F/Mg, mol/atom) at various temperatures

253K 273K 293K
117 0.18 0.19 0.20
258 0.19 0.21 0.22
370 0.19 0.20 0.21
583 0.20 0.21 0.22

cluster exchange reaction (4) at various temperaturesthe origin of reactivity and catalytic activity of organo-
are presented in Table 5. The yields almost do not magnesium clusters will be developed.
depend on temperature. Accordingly, data obtained

process proceeds with low activation energy.
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