
Journal ofFluorine Chemistry, 13 (1979) 175-177 
OElsevier Sequoia S.A.,Iaussnne -Printed in the Netherlands 

Received:July 18,197s 

175 

SHORT COMMUNICATION 

Oxidative Cleavage of Partially or Perfluorinated Olefins by Ruthenium 

Tetroxide 

CHRISTIAN GUIZARD. HERVE CHERADAME 

Laboratoire de Chimie des Polymsres, E.F.P., 44 avenue FQlix Viallet, 

38000 GRENOBLE 

YVON BRUNEL and CLAUDE G. BEGUIN* 

Laboratoire de Cindtique et Dynamique Mol&zulaire, ERA 673, CERMO, 

BP 53X, 38041 GRENOBLE, FRANCE 

Regents for the oxidation of olefins in solution often proceed 

through pentacyclic intermediates and give addition or cleavage pro- 

ducts. One of these reagents, ruthenium tetroxide gives cleavage pro- 

ducts in high yield from various alkenes [lj and olefinic polymers 

[21* Potasium Permanganate, the most widely used oxidant for fluoro 
olefins, is used for the fission of double bonds and production of 

fluorinated ketones and acids [3,4,]. Inorganic peroxide afford fluo- 

rocarbon epoxides [4b,5,6]. Ozonolysis, which works well with (perfluo- 

roalkyl) ethylenic compounds 171 g ives with tetrafluoroethylene [8,91 

or with cis and trans difluoroethylene [IO] fluorinated epoxides ozo- -- 
nides. and acyl fluorides as the major products. Perfluorinated poly- 

olefins generate carbonyl difluoride among other products [II]. Other 

weak oxidizing reagents have a low selectivity, for example with hexa- 

fluoropropene [li]. 

Since electron-donor substituents clearly accelerate the reaction 

with ozone or moderately with several oxoreagents [I], one can predict 

that the oxidation offluoro-olefins that bear a highly electron with- 

drawing group F, CF3 or RF will be difficult. 

The aim of this paper is to examine the yields and specificity of 

cleavage in the oxidation of partially or perfluoro-olefins with 

ruthenium tetroxide. 



TT.TO (n?rfJvoro?lkyl) ethylerles, (oerfllloro-octyl) ethv!ex I aqd 

(diperfll~oro-.hexyl) ethylene 2 and perflt!orooropex 3 (from PCIIK Lye?, 

France) were ori.di.zed with a smn;lll amount of ruthenilrtn tet?oyide. which 

is continllaily repenernted dxlr?'ng the rePctio2 tlsing a co-oyidnnt. 1 .give~ 

perfllloro-ponnno?c acid and c;rlrhoq diouide. 2 gives oarfl.l~oro-hP.or,lno'Cc. 

and 3 gives perfllloroPcetic ar.id e-d c;rrhonyl di.fl.lloride. The reaction 

19 
prod11ct.s GTeTe analvzed Ming F nuclear mnenetic resonance spectroscopy. 

Examol.s : 500 mg of 1 and IO mg of rut.heni~~ dioxide irl SO ml of 

freon-113 were placed u-&r nitrogen in a threeneck rotlrld hottom f?ask 

equioped with a mannetic stirring. bar and with a gas tray for roJ.l.ecting 

volatile products. Peracetic acid (or periodic arid or sortinm hypoch?o- 

rit.e) was then slowly added over ;rhollt one bon-c. Dtlrjn% the oxidation 

the col.or of the sol.utioq aJ.terpated between black (R1t02) and yeJ.l.ow 

(RllOh) ; at the end of the react.ion. the miwtllre was yeJ.Jow due to the 

remaining ruthenilun tetroxide. The excess oxoreaqent ~2s destroyed by 

addition of meth;lqol. The sol~~tion was filtered and evaporated under 

redllccd pressure and the resllltine. perfllloro-carhoxyl.ic acid was then 

suhJSmed to give 480 me, 924. For I the yjeld can also he easily rleterm- 

ined from the auantity of carbon dioaide that is evolved. 

The 
19 
F chemical shifts for 1 and 2 in carbon tetrachloride in ppm 

with reference to CFCl 
3 

at. 56.&4 MXz (.TEOL C 60 HI,) were : CF -(81.8), 
3 

cF,-CF2-(126.8). -CF2-(122.1 and 124). -CF2-CH=(114.8). The corresponding 

perflnoro-carhocvclic acids in ethanol gav: : CF3-(81.6),CF2-CF,-(1%6.6), 

-CF2-(122.1 and 123), -CB2-COOH (118.8) in good agreement with The signals 

of authentic perfluoro-heytnno?c acid arrd with the literature values [ 131. 

The absence of a signal at 114.8 ppm in the soectra of the perfluoro- 

carhoxyclic acids is a clear indi.cation of total oxidation of the starting 

materials. The ratio of the integration of the signals of inner -CF2-, 

rel;ltive to CF 3 or -SW2 -COOH gives the expected valrle and therefore 

indicates that no cJ.eavage occurred in the perfl.llorinated chain. 
19 
F rrmr 

using standardized sollrtions wes used to determine the yield of the 

trifJ.lloroar.etic acid. the reaction prodllct form 3. 

Although no reactions rates were determined. no large differences in 

total. reaction times were ohserved using I-octene [2] and the olefins 

1,2,3. This is consistent with previous work : (i) the reaction rates of 

ozone with E-2 butene and with perfluoronropene are also of the same order 

of magnitude [ 141, 
-1 

(ii) activation energy values, in kcal mol , for the 

addition of trichloromethyl radicals to olefins vary non-monotonolrsly versus 

the number of fluorine atoms : ethylene 2.2, I,l-difllloroethylene 5.2, 



17’7 

ceuafluozoernyieLle 3.7 [15] ( iii) cnrre is a va~~ac~un in tne sa~ne sarlse 

for IT ooua d~ssoc~ac~on energies, oocalned from cnezmocnemlcai aara in 

itcai IllOl 
-1 . 

m me seiles, ewylsne (59.01, 1-l difluozoecnuirae (62.8) aild 

CrclafLuoroeKnyleae (52.5) [16]. Tt wetis mar: for Lnase reaccLo~Is, rhrre 

is a g~rairr su~~~lar~ry in rne chemical ~eacr1v~~1es of [loll-fluoLo-olefins 

and pelfluoro-oleflns ~nan oue millgnt nave predicted. 

in cohciuswn, rurneruum tercoxlde has bae.n Shown 'co be a powerful 

yac cirail awi salecclve oxoleagent for cne high yleid cleavage of fluuro- 

olefins. 
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