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Abstract. Photolysis of pentafluorophenyl azide in alkanes releases singlet pentafluoro- 
phenylnitrene which inserts into the CH bond of cyclopentane to produce an adduct in 28% 
yield. 

In a photoaffinity labellingl experiment one appends a light sensitive moiety to a 

natural ligand of a biomolecule. Upon photolysis of the bound substrate the appendage is 

transformed into a reactive intermediate which it is hoped will react rapidly and 

indiscriminately with neighboring bonds to ultimately form a permanent covalent linkage 

between ligand and biomolecule. Photolysis of phenyl azide produces molecular nitrogen and 

singlet phenyl nitrene which rapidly ring expands to form dehydroazepine.2 To our knowledge 

singlet phenyl nitrene has never been chemically intercepted at temperatures suitable for a 

PAL experiment. The dehydroazepine can be intercepted with amines but polymerizes in the 

absence of a potent nucleophile. Thus phenyl azide is expected to be an effective PAL 

reagent only when there is a nucleophile present in the binding pocket of the biomolecule. 

In this comnuJnication fluorinated aryl azides are proposed as PAL reagents because in 

addition to their desirable reactivity patterns,4 fluorine is a small substituent5 and it 

enables an additional analytical probe of the reaction products, lgF NMR, which is well 

suited for biomolecules. 6 We have previously reported that photolysis of polyfluorinated 

aryl azides in toluene at -196" is an effective strategy for photoaffinity labelling.7 In 

this communication we are pleased to report that these reagents also show promise in alkane 

solvents at ambient temperature as well. 

Photolysis of pentafluorophenyl azide 1 in cyclopentane at 25" produces adduct 3 in 28% 

yield in addition to tar.8 Although the yield of 3 is admittedly low, by contrast no trace 

of the corresponding product is observed upon photolysis of phenyl azide under the same 

conditions. 2 Insertion product 3 is likely derived from 2s because the characteristic 

triplet nitrene (2T) derived products pentafluoroaniline 6 and decafluoroazobenzene 4 are not 

formed at this temperature. Compounds 4 and 6 are the major products formed upon 4- 

benzoylbiphenyl sensitization at 25' or upon direct photolysis in cyclopentane at -50' (Table 

l)* thus triplet nitrene chemistry predominates upon cooling the sample below ambient 

temperature or upon triplet photosensitization. 
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Upon photolysis of 1 in diethylamine (DEA! a 46% yield of hydrazine 7 is realized 

presumably by nucleophilic capture of singlet nitrene 2s. There is no evidence for the 

formation of 8 produced by capture of putative dehydroazepine 9'. By contrast upon 

photolysis of phenyl azide in DEA the non fluorinated counterpart of 8 is produced and no 

trace of a hydrazine is observed.3 

Photolysis of i in polycrystalline alkanes at -196' gives low yields of adducts 

presumably because the matrix is opaque. However, photolysis of 1 in glassy 3-methylpentane 

gives a 58% combined yieid of the 4 possible formal Ch' insertion adducts. At this 

temperature the triplet nitrcne 2T is formed as a long lived species and undergoes secondary 

photolysis.7 Photolysis of the nitrene leads to a radical pair by H atom abstraction from 

the matrix. Collapse of the radical pair leads to the products of formal insertion. 
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Photolysis of 1 in n-butane or 2,3-dimethylbutane at 25" gave regiochemically pure 

secondary and tertiary CH insertion adducts in 7.3% and 16% yield respectively. 

With these alkanes the 2"/1" and 3'/1' selectivities are m as compared with singlet phenyl 

carbenel' for which ZO/lo = 9.6 and 3'/1" = 69 with the same two alkanes, hut at 0". The 

3'/2" selectivity of singlet nitrene 25 was obtained by photolysis of 1 in a mixture of 

cyclopentane and 2,3-dimethylbutane and is equal to 9.8 at 25". A kinetic isotope effect 

insertion into cyclohexane versus cyclohexane-dl2 was found equal to 3.15 at 25O; the 

corresponding KIE for singlet phenyl carbene is only 2.1.11 

to 

Photolysis of 1 in toluene at 25' gave a mixture of aromatic and benzylic substitution 

products similar to that obtained by deoxygenation of pentafluoronitrosobenzene.4~1z~13 At 

25O naphthalene is 16 times more effective at trapping 2s than toluene.L4 This selectivity 

increases to a factor of 128 at -78"15 corresponding to a AAH* = 2.0 kcal/mol. This is quite 

distinct from singlet carbene chemistry where AH*‘, and consequently AA@‘s are essentially 

equal to zero resulting in little change in product mixtures 16 with varying temperature. The 

chemical trapping data indicates that 2S is much more selective and presumably less reactive 

towards alkanes and aromatics than simple singlet aryl carbenes. 

In summary polyfluorinated aryl azides are proposed as PAL reagents because in contrast 

to phenyl azide, photolysis produces a singlet nitrene which is captured by alkanes, 

aromatics and amines to give stable covalent adducts. 
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Table 1. The absolute yields of products formed on photolysis of 1 in cyclopentane. 

Temp ("C) 3 4 6 

25 28 0 0 

25a 4.4 5.1 12 

0 30 0 4.8 

-25 18 9.8 5.2 

-50 12 17 4.6 

-78 4.1 36 2.6 

-196b 0.6 16 0 

(a) 4-benzoylbiphenyl triplet sensitization 

(b) polycrystalline solid 
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