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We would like to report data which support a free radical 

pathway for reaction of xenon difluoride (XeFZ) with alkenes 

in organic solvent. Radical intermediates have been proposed 

for reaction of XeF2 to double bonds. For example, a radical 

pathway was suggested for the gas phase reaction of XeF2 to 

ethylene and propenecl]. Zupan speculated on a radical cation 

pathway for the acid catalyzed reaction of XeF2 with alkenes 

but gave no experimental evidence for this mechanismb,3]. 

Radical cation intermediates were demonstrated for the reaction 

of XeF 2 to aromatics by Filler[42. Acid catalyzed ionic re- 

actions to unsaturated hydrocarbons have been reviewed p]. 

Zupan and Pollak have shown that alkenes do not react in 

aprotic solvent with XeF2 at low concentrations ofalkene unless 

acid catalyst is present[3]. However, we observed that illumination of 

a dilute solution of cis- or trans-l-phenylpropenes (I) or (II) in methy- 

lene chloride at 0' with a 270 watt sunlamp produced IIIa and IIIb in 

less then two hours (Table). Furthermore, at high concentration of (I) 

and (II), a spontaneous reaction occurred in the dark between 

XeF2 and these styrenes. 

actions imply a radical 

pathway. 

The reaction conditions for both of these re- 

mechanism - the latter a molecule-induced 
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It is conceivable that these reactions are catalyzed by a 

trace of HF produced from hydrogen abstraction or from trace 

impurity in the XeF2. To eliminate a possible ionic pathway, we 

repeated the photochemical and dark reactions in the presence of 

two equivalents of pyridine c6]. Our assumption was that the 

pyridine would remove any trace of HF. The results did not differ 

from those without pyridine as shown in the table. Therefore, 

we conclude that reactions of XeF 2 with (I) or (II) under these 

conditions must proceed by a free radical pathway since the re- 

actions are not acid catalyzed, and the dilute reactions do not 

proceed without illumination. Unfortunately this radical reaction 

with XeF 2 does not appear to represent a general synthesis since 

reaction with alkenes such as l-hexene, cyclohexene, and 2,3- 

dimethyl-2-butene does not give vicinal difluoride products. The 

major component of these reactions are unreacted alkene and minor 

amounts of low boiling products - presumably fluorine substitution 

along the alkyl chain. 
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TABLE 

Radical Reactions of Halogen Systems to Styrenes (I) and (II) 

- 

Halogen Mole Fraction Percent Productsa From 
Systems Styrene in cis-l- trans-l- 
(conditions) 

_.- -___ 
CH2C12 phenylpropene phenylpropene 

erythro threo erythro threo 

XeF;(hv) o.loc 58 42 56 44 

XeFl(dark) 0.50 59 41 52 48 

NCl;(hU) 0.02 77 23 76 24 

IBDd(h") 0.02 91 9 92 8 

aReaction (percent yield); XeF2 (60-75); NC13 (87-88); 

IBD (100). b Reaction temperature 0'. 'Similar results 

were observed at 0.02 mole fraction alkene. Molecule- 

induced reactions can occur above 0.10 mole fraction 

alkene. 
d 
Reaction temperature at 25'. 

For comparison, we treated (I) and (II) with iodobenzene 

dichloride (IBD) and trichloramine (NC13). These chlorinating 

agents are known to react via a radical pathway[7,8]. The data 

show that reaction of (I) and (II) with IBD, NC13, and XeF2 

under radical conditions are stereoselective in that the ery- 

thro products are preferred (Table). The erythro products 

(IIIa, Via) probably predominate because anti-rather than syn- 

attack on intermediate (V) is the preferred pathway (Scheme). 

An increase in steroselectivity from XeF2, NC13 to IBD is ex- 

pected for these radical reactions because steric interactions 

in the chain-transfer step are greatest for IBD and less impor- 

tant for the smaller and linear XeF2 molecule. A similar steric 

effect has been reported for the radical reaction of IBD with 

cyclic alkenes b,9]. 
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EXPERIMENTAL 

To a solution of olefin (I) or (II), dissolved in methylene 

chloride to give the mole fractions shown in the Table, was added 

1.0 m mole halogenating reagent at 0 or 25O (Table) in such 

amounts to consume 30 percent of the olefin. Addition of XeF2 

and IBD were as solids while NC1 
3 

was added as a 1.0 M solution in 

methylene chloride. Chlorinations were conducted under nitrogen 

as described in the literature because radical chlorinations are 

inhibited by oxygen [7,8,9] . Fluorination with XeF2 can be per- 

formed without inert atmosphere since this radical reaction is not 

inhibited by oxygen [lo] . Illumination was from a 270 watt sun- 

lamp. 

Difluorides (IIIa) and (IIIb) were isolated by preparative 

vpc and identified by comparing their nmr spectra with those re- 

ported previously [ll] . Vpc analysis conditions: 14' x ku column 

(SS) at 120' packed with FFAP (2.5%) on 80-100 mesh Chromosorb W 

with retention times (min) of 15.0 (IIIa) and 17.3 (IIIb). The 

dichlorides (Via.) and (VIb) were isolated by preparative vpc and 

identified by comparing their spectra with those reported previ- 

ously (12-J . Vpc analysis conditions: 6' x $” column (SS) at 65' 

packed with SE-30 (2.5%) on 60-80 mesh Chromosorb W with retention 

times (min) of 28.7 (Via) and 32.4 (VIb). Control experiments with 

(IIIa), (IIIb), (Via), and (VIb) show that they are stable to 

reaction and analysis conditions. 
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