
866 J.C.S. CHEM. COMM., 1976 

Photochemical Isomerisation of Perfluoroalkyl Olefins’ 

By ANTHONY N. BELL, ROY FIELDS, ROBERT N. HASZELDINE,* and ITSUMARO KUMADAKI~ 
(Defiartment of Chemistry, University of Mmzchester Institute of Science and Technology, Manchester M60 1 QD) 

Summary Intense U.V. irradiation causes rearrangement stable perfluorocarbanion, e.g. reaction (1).  Photochemical 
isomerisation of perfluorocyclohexene in the presence of air of tetra- and tri-(perfluoroalkyl) ethylenes to less sub- 

stituted ethylenes including the terminal olefins ; migra- 

can occur. 
tion of allylic fluorine and allylic perfluoroalkyl groups Ir\ 

R,CF,* C F ~ C F ~  -+ R ~ c F , ~ C F * C ~  L R~CF:CF.CF~ I1 1 CF: 
ISOMERISATION of perfluoro-olefins in the presence of 
catalysts such as fluoride ion is well known, and leads to 
thermodynamically stable internal olefins via the more 

leads to ring shrinkage and formation of perfluoromethyl- 
enecyclopentane (30%) and perfluoro( l-methylcyclopent- 

f On leave of absence from the Tokyo College of Pharmacy, Japan. 
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ene) (6y0), together with some 30% of high-boiling pro- unfiltered radiation from a 500 W medium-pressure mer- 
ducts., cury arc placed ca. 2 cm from the silica reaction tube, 

fluorine migration occurred and perfluoro-2, S-dimethylbut- 1- 
ene (2) was produced quantitatively in ca. 7 days (see 

" \ctc/" -ICF,),CF*C /' Ira. loo~/Dl Scheme). 
c 5 /  ' c 5  \ C h  Perfluoro-3-ethyl-2-methylpent-2-ene (3) underwent a 

similar photochemical rearrangement to give a high yield 
of a mixture of cis- and trans-perfluoro-3-ethyl-4-methyl- 
pent-2-ene (4) by migration of an allylic fluorine from a 
C2F5 group, and perfluoro-2-ethyl-3,3-dimethylbut-l-ene 
( 5 )  by a concurrent migration of an allylic CF, group. 
Migration of allylic fluorine from a CF, group gave per- 

C F , / C t C \ C F , .  c5 \cF;'CFJ 'cF2*cF3 fluoro-3-ethyl-2-methylpent-l-ene (10%) ., Irradiation of 
40 Yo 35% (4) did not produce ( 5 ) .  Perfluoro-2,3-dimethylpent-2-ene 

(6) also showed allylic fluorine migration to give (7) , (8) , and 
(9), and allylic CF, group migration to give the terminal 
olefin (10) in comparable yields. The ratio (7) : (8) : (9) : (10) 
depends on the precise irradiation conditions [e.g., a new 

* lCEJ2 CF& + (CF,),CF*C lamp apparently favours (lo)]. 
Replacement of one CF, group of (1) by fluorine greatly 

reduced the rate of reaction, but perfluoro-2-methylbut-2- 
16) 171 ds-truno mixture l8l ene slowly gave perfluoro-2-methylbut-l-ene in high yield 

by migration of allylic fluorine to carbon carrying vinylic 
HqU fluorine.3 Prolonged irradiation of perfluoro-2-methylpent- 

2-ene also gave the terminal olefin CF, : C(CF,)-CF,.CF,CF, b in high yield by allylic fluorine migration t o  the CF.RF 
group. Perfluoro-3-methylhex-2-ene (11) and perfluoro-3- 
methylhex-3-ene (12) both underwent cis-trans isomerisa- 
tion under mild irradiation, frustrating attempts to investi- 
gate the stereochemical requirements for the migration, and 
both gave mixtures of perfluoro-2-ethylpent-l-ene (13) (by 
fluorine migration) and perfluoro-2,3-dimethylpent-l-ene 
(14) [by C,F5 group migration in (11) and CF, group migra- 
tion in (12)] under more vigorous conditions. In parallel 
experiments, rearrangement of (1 1) was slightly faster than 

,c5 that of (12). 
C2F,*CF:C M31 + ll4)' Perfluorobut-2-ene undergoes only geometrical isomerisa- 

'cyc5 tion at  an appreciable rate under these conditions, and the 
trend in the rates of isomerisation is thus tetra-substituted (12) cis- truns mixture > tri-substituted > di-substituted ethylenes. The mech- 
anism of the migration is uncertain, but it does not appear 
to be influenced by the presence Of benzophenone or iso- 
butane, and (1) did not rearrange detectably in the dark at 
temperatures up to 300 OC, suggesting the possibility of a 

We now report that U.V. irradiation of some perfluoro- suprafacial 1,3-sigmatropic shift which would be sym- 
metry-allowed for the photochemically excited state.4 

( 1  1 12) 

cF3\ /c5'co' 
[Cs t zCF*'C HCF* cF3 + [CFJ f,C* c //"5 

131 [4l cis-irons mixture (51 

CF*C% /cF2*c5 c5\ /c5DcFJ uv 

CF,/c:c\CF, 'Ch \\tb 

cF3 

CFZ 
4- >.CFICF3)C2F5 +~CF,I,c.C 

(9) (10) 

* ,c5* 5F5 /cse%b CF 3\cF.cH% + C25.c i. 
\ ' 5  NCF2 C , a /  'CG 

CF30CF:C 

111) cis-trans mixture 113) (14) 

SCHEME 
ZI Ratio (7) : (8) : (9) : (10) = 2:  1 : 1 : 2 with new lamp. 

CRatio (13):(14) = 5 : l .  
b Ratio 

(13):(14) = 3:2 .  

olefins provides an efficient synthesis of the reactive ter- 
minal olefins. Thus when perfluoro-2,3-dimethylbut-2-ene 
(1) was exposed in the mixed vapour and liquid phases to (Received, 11th June 1975; Corn. 660 ) 
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