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SUMMARY 

Reactions of 1, I-diphenyl substituted alkenes with xenon difluoride in the 

presence of bromine resulted in the formation of l, l-diphenyl-I-fluoro-2-bromo- 

alkanes. 

INTRODUCTION 

Recently we observed that xenon difluoride readily adds fluorine to phenyl 

substituted olefins 11,21, acetylenes [ 31 and phenanthrene ]41 in the presence 

of hydrogen fluoride to give the corresponding 1,2-difluoro or 1,1,2,2-tetrafluoro- 

phenylethanes or fluorinated phenanthrenes respectively in high yields and under mild con- 

ditions. On the other hand, trifluoroacetic acid catalyzed liquid phase fluorine addition 

[5] with xenon difluoride to phenyl substituted olefins resulted in the formation of 

vicinal difluorides and fluoro-trifluoroacetates. The nature of the Xe-F bond 

cleavage depends on the organic substrate and on the catalyst. Filler and co- 

workers [6] have demonstrated the presence of intermediately formed ion radicals 

in the liquid phase fluorination of benzene derivates. On the other hand, we have 

suggested the formation of P-fluorocarbonium ions in the fluorination of bicyclic 

olefins [7] and also in fluorination in the presence of trifluoroacetic acid ]51. 

Recently S.A. Shackelford and coworkers [ 81 have found xenon difluoride 

to be a canvenient fluorinating reagent for aliphatic alkenes when boron trifluoride 

etherate is employed as a catalyst. In our continued interest in the reactions of 

xenon difluoride with organic molecules we found it instructive to study reactions 

in the presence of bromine. 
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We now report the reaction of xenon difluoride with l,l-diphenyl substituted 

alkenes in the presence of bromine. 

RESULTS AND DISCUSSION 

The preparation of fluoroalkanes presents a different problem from that of other 

halogenoalkanes, and necessitates specific methods of fluorination. Difficulties 

involve the handling of anhydrous hydrogen fluoride on the laboratory scale, the 

need for pressure equipment and low temperatures, and ease of polymerization of 

alkenes f91 . Halofluorination with hydrogen fluoride-pyridine-N-halosuccinimide 

avoids some experimental difficulties [ 101 . 

We now report the reaction of xenon difluoride with phenyl substituted olefins 

in the presence of bromine. A mixture of bromine and xenon difluoride remained 

unreacted, while by adding 1,1-diphenylethylene it resulted in immediate xenon 

gas evolution. After half an hour the gas evolution ceased. The resulting product 

shows in its l9 F nmr one doublet signal at 6 = - 158ppm with the coupling con- 

stant of J = 22.5Hz and in its 
1 

H spectrum a doublet signal at 6 = 6.36 ppm. On 

the basis of its nmr and mass spectral data, we have established the structure of 

the product as 1, I-diphenyl-1 -fluoro-2,2-dibromoethane (2). 
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The same product was also formed by reaction of l,l-diphenyl-2-bromoethene (3d) - 

with the mixture of xenon difluoride and bromine. We have extended our studies 

to other 1,1-diphenyl-2-substituted ethylenes (3) and found that reactions, oc- 

curing in the same way, resulted in the formation of 1-fluoro-2-bromo products (4) in - 

high yield. 
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However, this bromofluorination reaction has foiled on the following olefins: 

norbornene, trans.-stilbene, styrene and P-phenyl-propene, resulting in the formation 

of dibromides only. In generol, in the reaction of olefins with xenon difluoride in 

the presence of bromine, three types of products could be expected: dibromides, di- 

fluorides and bromofluorides. However, the resulting products were either dibromides 

or bromofluorides and in no case difluorides. 

Extensive work is in progress on liquid-phase fluorinations with xenon difluoride 

of various organic molecules and in the presence of various catalyst in order to 

estoblish the mechanism of these reactions. 

EXPERIMENTAL 

I .r. spectra were recorded by using a Perkin-Elmer 257 spectrometer, 

19 
F n.m.r. spectra by a Jeol JNM-PS-100 in CC14 solution with TMS or 

as internol reference. Mass spectra and high resolution measurements were 

1 
H and 

CC13F 

taken on 

a CEC-21-110 spectrometer. Gas-liquid partition chromatography was carried out on 

a Varian Aerograph model 1800 and t.I .c. on Merck PSC-Fertigplatten silicagel 

F-254 (activated for three hours at 120°C before use). 

Materiols 

Pure samples of olefins were prepared by known methods: 1,1-diphenylethylene 

[ill, 1,1-diphenylpropene f121, 1 ,I-diphenyl-2-halosubstituted ethylenes [ 13,141. 

Other olefins were commercially available and purified before use. Hydrogen fluo- 

ride of Fluka Purum quality wos used without further purification. Methylene chloride 
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was purified [ 151 and stored over molecular sieves. Xenon difluoride was prepared 

by photosynthetic method [ 161 and its purity was better than 99.5% 

1, I-diphenyl-1-fluoro-2,2_dibromoethane (2) 

To a solution of 2 mmals of bromine in methylene chloride (2 ml), 1 .l mmol 

of xenon difluoride was added at 25OC and under stirring trace amounts of hydrogen 

fluoride were introduced into the reaction mixture. Reaction between bromine and 

xenon difluoride did not occur in 24 hours. After adding 1 mmol of 1 ,l-diphenyl- 

ethylene to the mixture, xenon gas was immediately evolved. After 30 min. gas 

evolution had ceased, the reaction mixture was diluted with methylene chloride, 

washed with sodium hydrogen sulphite (100/c, 10 ml ), sodium hydrogen carbonate (5%, 

10 ml), water (10 ml, twice) and dried over anhydrous sodium sulphate. The solvent 

was evaporated in vacua. The crude product was crystallized from ethanol and ob- 

tained in 90% yield, mp = 98-99’C (mp 1171 = 99’C). Nmr spectrum: 

SF = -158 ppm (d), sCBr2x = 6.36ppm (d), JFH = 22.5 Hz, mass spectrum: 

calcd. for C14H1 ,Br2F m/e = 355.9213, found m/e = 355.9225, m/e: 356 (M’, 30/c), 

198 (14), 197 (17), 196 (16), 185 (loo), 183 (25), 165 (20). The spectroscopic 

and physical data are the same as those already published [17]. 

1,1-diphenyl-l-fluoro-2-bromoalkanes (4) 

To a solution of 2 mmols of bromine in methylene chloride (2 ml), 1 .l mmol of 

xenon difluoride was added at 25’C and under stirring trace amounts of hydrogen 

fluoride were introduced into the reaction mixture. After adding 1 mmol of alkene 3 

to the mixture, xenon gas was immediately evolved. After 30 min. gas evolution 

had ceased, the reaction mixture was diluted with methylene chloride, washed with 

sodium hydrogen sulphite (IO%, lOml), sodium hydrogen carbonate (50/c, 10 ml), 

water (10 ml, twice) and dried over anhydrous sodium sulphate. The solvent was 

evaporated in vacua. The crude products were purified by glc or tic and isolated 

in 70-90 o/ yield. The spectroscopic and physical data are the same as those al- 

ready published [17]. 
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