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FLUORINATION WITH XENON DIFLUORIDE, PART XXXV.
REACTION WITH GRIGNARD REAGENTS
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SUMMARY

Several Grignard reagents in diethyl ether solution readily
react with xenon difluoride at room temperature, the complexity
of the reaction course depending on the structure of the
reagent. In all cases studied three main types of products,i.e.
l-ethoxy-1-substituted ethane (2), reduced product (3) and
dimeric product (4) are formed.In the case of dodecyl magnesium
bromide (ii)' 2-~ethoxydodecane (2a), decane (23) and eicosane
(4a) formed represent 98% of products formed, with 2% of the
reaction mixture containing at least up to seven unidentified
products, while with benzyl magnesium bromide (1b), the three
main products 2b, 3b and 4b represent 80% of the reaction mix-
ture, the remaining 20% containing up to nine products with
benzyl bromide being the main side product. The complexity of
the reaction increases even more in the case of phenyl magne-
sium bromide,where 2¢,3¢c and 4c represent only 70% of products
formed, the remaining 30% consisting of up to &1 products. with
the following being identified: bromobenzene, bromebiphenyl,

1, 1-bromo-1-phenylethane, a-bromo and a,a-dibromoacetophenone,

and 1, {-diphenyl-2-bromoethene.
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INTRODUCTIOK

Xenon difluoride represents one of the mildest reagents for the
intreduction of fluorine into organic molecules. It is now well
established that the reaction course depends on the structure of
the organic molecule, catalyst used, solvent polarity, and
reacticn temperature[1,2]. Xenon difluoride readily reacted with
alkenes. alkynes, aromatic and hetercaromatic molecules, and
molecules containing suiphur and silicon atoms, while, on the
other hand[1], much less attention was paid to 1its reactivity
with organometallic compounds. We now report investigations on
the reactions of xenon difluoride with several Grignard

reagents.

RESULTS AND DISCUSSION

Xenon difluoride 1is a stable compound and in most cases a
catalyst is needed for its reactions with organic molecules. It
has been demconstrated that alkenes reacted in the absence of
catalyst only by UV initiation[3], while with alkanes the reac-
tion proceeded only at higher temperatures [4]. Aromatic molecules
react only in the presence of an appropriate catalyst [5], while
reactions with alkyl substituted aromatic molecules can be

directed either to the aromatic nucleus or the side chain [6].

In order to point out the influence of the intreduction of
metallic function intec the organic substrate on the reactivity
with ¥enon difluoride, we have chosen the Grignard reagents as
tollows: alkyl, benzyl, and pheny! magnesium bromide.There are
several possikle reaction pathways for the reaction of xenon
difluoride with the Grignard reagents, some of them as follows:
electrophilic attack of fluorine to carboaniocnic intermediate
leading to fluoro-substituted product; conversion of bromine to
BrF (it was reported that bromine reacted with alkenes in the
presence of XeF, to vicinal bromofluorides [7]); the formation of
unstable xenon-carbon bond followed by decomposition; oxidation
of carboanionic species to radical intermediates (oxidative

properties of XeF, were already demonstrated [8]1).
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Decyi bromide, benzyl bromide, and bromobenzene were converted
with magnesium in diethyl ether to corresponding Grignard
reagents, the solution ftiltered off under inert atmosphere and
the amount ot Grignard reagent formed determined by titration.
3 mmols of xenon difluoride were suspended in & ml of diethyl
ether and cocled to 0°C and the solution of Grignard reagent
was slowly added. Xenon gas evolution was observed and the
reaction mixture stirred at room temperature for four hours,
the agquecus solution of ammonium chloride was added, the ether
layer washed twice with water and dried over anhydrous sodium
sulphate and the solution analysed by glc. After partial
evaporation of solvent, the products were separated by
preparative glc. The amount of products formed depended on the
structure of the Grignard reagent used. No fluoro substituted

products were tound in any case.

Reaction of decyl magnesium bromide (1a) with XeF2 resulted in
the formation of three main products, while the remaining 2% of
the reaction mixture consisted of up to seven minor products. On
the basis of the spectroscopic data, we found that the main
product present Iin the reaction mixture was decane (3a),
followed by 2-ethoxydodecane (2a), and eicosane (4a),in the
ratio presented in the Scheme. The reaction of decyl! magnesium
bromide (1a) with ammonium chloride and water gave a reaction
mixture containing the fojlowing three products: decane (3a),
eicosane (4a), and 11-decanol in the ratio t14.5 : 3 : 1
respectively. The formation of 2-ethoxydocdecane (2a), observed

in the reaction witn XeF,, indicated a free radical process.

The reaction of XeF, with benzyl magnesium bromide (ip) proved
to be mure complex and the folluwing three products, in total
amount of 80X of the reaction mixture, were ldentified as: i~

phenyl-¢-ethoxypropane (2b), toluene (3b), andg l,e-
dipnenylethane (4b), in the ratio presented in the Scheme. The
remaining reaction mixture contained up to nine products, with

benzyl bromide as the main one. On the other hand, in the
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reaction of benzyl magnesium bromide with aqueocus ammonium
chloride toluene, i,2-diphenylethane, and benzyl alcoho! in the

ratio 7.5 : 1 : 1 , respectively, were isolated.

The reaction of phenyl magnesium bromide (ic) was even more
complex, leading to i-ethoxy-i-phenylethane (2¢), benzene (3c),
and biphenyl 4c, in the ratio indicated in the Scheme, in
combined yield of 70%, while the remaining reaction mixture
consisted of up to twenty-one minor products, with bromobenzene,
bromobiphenyl, i,t-bromo-1i-phenylethane, a-bromo and o, o~
dibromoacetophenone, and 1i,1i-diphenyl-2-bromoethene representing
the major part. Corresponding reaction with aqueous solution of
ammonium chloride gave the following three products: benzene,

biphenyl, and phenol in the ratio of 26 : 1.5 : 1

Comparisen of the reaction of the mentioned three Grignard
reagents with xenon diflucride and water 1led us to the

conclusion that free-radical processes took place.

EXPERIMENTAL. SECTION

IR spectra were recorded using a Perkin-Elmer 727B spectrometer
and iH and 19F‘ nmr with a Varian EM-360L spectrometer,with
tetramethylsilane or CC13F as internal reference. Mass spectra
and high resolution measurements were taken on a CEC-21-110
spectrometer.Gas liquid partition chromatography was carried
out on Varian Aerograph Models 2700 and 3700, with CDS 111

integrator.

Reaction of Grignard Reagent (1) with Xenon Difluoride

In a three-necked reaction vesse! equipped with a reflux
condenser, an inlet for dry nitrogen , and a dropping funnel, 3
mmols of xenon difluoride in 6 ml of diethyl ether were placed
and cocled to 0°C. Under a nitrogen atmosphere, . 3.73 ml of
diethyl ether solution containing 3 mmols of Grignard reagent
(the quantity determined by titration) was slowly added. After
the completion of the addition of Grignard reagent, the
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reaction mixture was stirred at room temperature for four
hours, 10% aqueous ammonjum chloride was then added, ether layer
washed with water, dried over anhydrous sodium sulphate and
analysed by glc. The reaction mixture was carefully concentra-

ted to ! ml under vacuo, the products separated by preparative

glc and their structure determined by spectroscopic data.

Decyl Magnesium Bromide (ta)

The reaction mixture was analysed by glc (OV 101 10X on
Chromosorb W H/P 80,100, T:=80°C % min., 10°C/min te 230°C) and
the following products were isolated by preparative glc¢: decane
(3a. 1.4mmwol), eicosane (4a. O.2mmcl) and 2-ethoxydodecane (2a,
O. 5mmot) 1H nmr: SH=3.0-3, Sppm(m, 3H), dH=0.6-1.6ppm(m, 27TH);
mass spectrum calcd, for CI“H300:214.2296, found: @ 214.2300,

m/z: 214(M7,0.5%),169(2),169(1),73(100),45(17),43(17),41(17)

Benzyl Magnesium Bromide (ib)

The reaction mixture was analysed by glc (OV 1014 10% on
Chiromosorb W H/P 80,7100, T=100°C Smin., 10%/min te 230°%C) and
the following products were isclated Dby preparative glc:
toluene (3b,0.7mmol), 1,2-~diphenylethane (4b, ©O.3mmcl), zand 1-
phenyl-2-ethoxypropane [9] (2b, 0.6mmol).

Ehenyl Magnesium Bromide (ic¢)

The reaction mixture was analysed by glc (OV 1014 10X on
Chromosorb W H/P 80/100, T:30°C & min., 20%C/min to 230°C) and
the following products were lisolated Dby preparative glc:

benzene (3¢, {.immol), biphenyl {4¢c, 0.05mmol), and 1-ethoxy-i-
phenylethane [10] (2c, ©0.2mmol) 'H nmr: 6H=1.2ppm(t, J=7Hz, 3H),
dH=1.4ppm(d, J=6Hz, 3H), SdH:3. 3ppm(q, J=7Hz.2H), dH:=4. 3ppm(q,

J=6Hz, 1Hj, SdH:-7.2ppm(broad s,5H)}; mass Spectrum calcd. for
CioH 40:150.1045, found:150.1046, m/z: 150(M",11%),135(100),

107 (48),105(50),79(32), 77(32).
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