
ELSEVIER Jourd of Fluormc Chcmlatry 71 , 199.5 I X3-87 

The reaction of CF,00CF20F with fluoroolefins 

A. Russo a,*, V. Montanari ‘, W. Navarrini a, Darryl D. DesMarteau b 

Abstract 

The reaction of Ruoroxydifluoromethyl trifluoromethyl peroxrde, CF,OOCF,OF ( I), with fluoroolefins leads to the formation of novel 
fluorinated peroxides as major products. When 1 was added to I .2-dichloro- 1 ,2-difluoroethylene, CFCI-CFCi, under controlled conditions. 
the formation of 4,5-dichloro-2.2,4,5-tetrafluoro- I .3-dioxolane was also observed. A mechanism is proposed to rationalize these results. 

Ke~~or&; Fluoroolefins: Fluoroxydlfluororllethyl tnfluoromethyl peroxIde. Synthesis. IR spectroscopy; NMR spectroscopy: Mass spectrometry 

1. Introduction 

The reactions of perfluoroalkyl hypohalites with oletins 
have been exhaustively studied, and found to produce ethers 
by addition through the double bond. In this reaction, oligo- 
mers and polymers may be formed in variable amounts [ 1,2 ] 

Among the pet-fluorocarbon compounds containing the 
peroxidic linkage, trioxides were added thermally to olefns 
producing peroxy-ethers [3], while peroxides are quite 
unreactive under the same conditions. 

Trifluoromethyl peroxy hypofluorite. CF,OOF. and the 
similar hypochlorite, CF,OOCl, in their reactions with olefns 
gave peroxides [4] where the CF300 moiety was retained 
in the final products. Three compounds are known to contain 
the peroxy and the hypofluorite functional groups in geminal 
positions: CF300CF20F ( 1)) (CF,OO),CFOF (5) and 
FOCF,OOCF,OF (12). They were first prepared [ 5,6] by 
the following reactions: 

0 0 0 
II II II 

FCOOCF + CF,N, - CF,OOCF + others II) 

(2) (3) 

0 0 
II II 

2CF,OOCF + H,O - CF,OOCOOCF, + 2HF + CO2 ( 2 ) 

(3) (4) 
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(3) 

0 
II CIF 

CF,OOCF + F, - CF,00CF20F 

(3) (1) 

0 
II 

CF,OOCOOCF, I- Fz = (CF,OO ),CFOF (4) 

(4) (5) 

7 7 CSF 
FCOOCF + 2Fz - FOCF,OOCF,OF (5) 

(2) (121 

While the hypofluorites can be formed quantitatively [ 5,6], 
the preparation of their precursor is difficult. 

A practical route to 3 [7] starts from bis(fluor- 
oxy ) difluoromethane, CF,( OF) z [ Eq. (6) ] : 

0 
CSF II 

CF,( OF) 2 + 2CFz0 - CF,OOCF + CF,OF (6) 

(3) 

This synthesis leads to the formation of 3 in 80% yield. Thus 
the pure peroxy hypofluorite 1 is almost as readily available 
and comparatively safe to handle as CF,OF and CF?(OF),, 
sharing with the latter the contrast between a very remarkable 
stability and a disquieting structure. However the reaction of 
1 with oletins has not been reported. We have studied it with 
regard to the behaviour of a peroxide bond under the condi- 



tions of a radical reaction initiated by the hypotluoritc I’unc 
tion in the same molecule. 

2. Results and discussion 

The major products of the reaction of 1 with fluoruoletins 
are those resulting from simple addition of the O-F function 
to the double bond, while the peroxide bond is retained. It 
was possible to carry out the reactions without solvent which 
facilitated the isolation of the products. The use of a three- to 
four-fold excess of the olefins improved the yields. According 
to a free-radical mechanism, the addition of hypofluorites to 
electron-poor olefins is initiated by the homolytic cleavage 
of the O-F bond induced by the alkene [ Eq. (7) ] : 

CF,OOCFIOF + ;C=C< --) 

(1) 

CF,OOCF,O. + F&t? (7 ) 
I I 

Propagation [ Eqs. (8 ) and (9) J and termination [ Eq. ( IO ) 1 
steps are the following: 

CF,OOCF,O. + >C=C, - CF>OOCF,O- LL 
I 1. 

(Xl 

CF,OOCF&X! 
I I 

. + CF,OOCF,OF -3 

CF,OOCF+-I: + CF,OOCF,O. (9) 

2F&& - F&&d--F 
I I 

( IO, 
I I I I 

One of the possible termination steps [ Eq. ( IO) ] is supported 
by the presence of typical radical-coupling products detected 
in traces by GLC/mass-spectroscopy. 

Byproducts such as COF,, 0,. oligomers and compounds 
deriving from the addition of oxy and peroxy radicals 
observed in the reaction mixture can be formed through the 
following pathways: 

CF,OOCF,O. - CF,OO. 4 CFZO (III 

CF,OO. - CF,O. + l/20, (12, 

>C=C<+F. - F -LA.- 
I I 

oligomers and others (131 

CF,OO. + ‘C=C< - ---f 

CF,DO+j-F + others ( 14 ) 

CF,O. - ;;C&( - - 

CF,O&d-F + others 
I I 

( 15) 

The experimental results of the present work show that the 
radical species CF,OOCFzO. is sufficiently long lived to 
account for the major products deriving from its addition to 
the oleiinic substrate [ Eq. (8) 1. Moreover, the peroxy and 
oxy radicals of Eqs. ( 11) and ( 12) add to the olefins faster 
than they decompose considering the presence of their addi- 
tion products [Eqs. ( 14) and ( 15) 1, and because oxygen 
and COF, were detected only in traces. 

An interesting result was obtained when the hypofluorite 
1 was added to 1,2-dichloro-1,2-difluoroeihylene, 
ClFC=CFCl. at - 60 “C ( see Experimental details below). 
Under these conditions, of the reaction products 4,5-dichloro- 
2.2,4,5-tetrafluoro-1,3-dioxolane [ 8-101 was formed in 
25% yield, while the simple addition product, 
CF,OOCFzOCFCl-CF,CI, was formed in 27% yield. When 
the reaction was carried out at - 100 “C or in the presence of 
a small amount of F2 ( < lo%), the dioxolane was formed in 
a yield lower than 7%. 

For the formation of dioxolane, in view of the known 
reactivity of CF,( OF)? [ lo], we propose the following intra- 
molecular radical reaction: 

CF,OOCF,O. + )C=C: - 
0,‘~~*)3 + cF,o 

1% -c.m,, 
\ 

(16) 

The oxy radicals generated by this reaction added to the 
ulefins as previously suggested in Eq. ( 15). The chemical 
pathway proposed in Eq. ( 16) could be favourable at low 
concentrations of hypofluorite when it is added to the olefins. 
Under these conditions, the mechanism proposed in Eq. ( 16) 
becomes competitive with that reported in Eq. (9). This 
hypothesis is reinforced by the fact that, when a small amount 
of fluorine was present, only traces of dioxolane were formed. 
The results can be explained by the reaction between the 
radical intermediate and fluorine [ Eq. ( 17) J : 

CF,OOCF,&& 2 
I I 

CF200CF,G&-F + Fe 
I I 

( 17) 

The different ratio of products obtained at temperatures lower 
than -60 “C could be due both to thermodynamic factors 
and to a higher concentration of hypofluorite in solution, 
which favour the formation of the linear product [ Eq. (9) 1. 
No dioxolane was formed when the reaction was carried out 
batchwise, where the concentration of hypofluorite was 
higher than in the semicontinuous mode. 
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When I was added to perfluoro- I .3-hutadiene, surprisingly 
we observed only one of the two possible products of I,?- 
addition, which arose from attack of the oxy radical at posi- 
tion 2 of the olefin [ Eq. ( I8 ) ] : 

CF,OOCF,O. + CF,=CF--CF=CFI -d 

CF2=CF-yF--C.k2 
*o f. 

- 9 (18) 

&F,OOCF, 

Attack of the oxy radical at position I led only to products 
10 and 11 (cis and trails isomers) of I ,4-addition, while the 
product of 1,2-addition was not observed [ Eq. ( IO) ] : 

CF,OOCF,O + CF,=CF-CF=CF, ------) CF,-CF-CF-CF,-C!CF,OOCF, 

1-O-F 

CF,COCF2CCF,-CFXFCF, CF,=CF-CF,-CF2-OCF200CF; 

CIS 10 and ,rans 11 

The orientation of F-atom addition in position 4 can he 
explained on the basis of a hypothesis that delocalization of 
the allylic radical allows the shift of the double bond to the 
more stable internal position. Moreover according to Eq. (91, 
the fluorine atom should come from another molecule of 
hypofluorite; in this case attack at position 4 is also favour- 
able, in comparison to position 2. due to the steric interaction 
between the incoming hypofluorite and the bulky vicinal 
XF20CF200CF, group. 

Finally, hypofluorite 1 appears to he a relatively mild rea- 
gent among OF compounds, giving good yields of expected 
products. 

3. Experimental details 

3. I. Gene& methods 

Volatilecompounds were handled in a Pyrex glass or stain- 
less steel vacuum system equipped with a Wallace & Tiernan 
series 1500 differential pressure gauge. Amounts of gaseous 
reactants and products were measured assuming ideal gas 
behaviour. Infrared spectra were recorded on a Perkin-Elmer 
1430 spectrometer connected to a 7500 data station. A IO- 
cm cell with KC1 or AgCl windows was used. “F NMR 
spectra were recorded on an IBM NR 200 AF instrument 
operating at 188.3 MHz, using CFCI, as internal reference 
and CDC13 as solvent. Mass spectra were obtained on a Hew- 
lett Packard 5985B spectrometer at 70 eV for CI (CH,) and 
EL CC analysis was carried out on a Perkin-Elmer 8500 
(Halocarbon K-352, carrier gas helium). When preparative 
GC was necessary, a Victoreen 4000 apparatus fitted with a 
3 m X l/4 in column (Halcarhon K-352, carrier gas helium) 
was used. 

.<.2. Reugrnts 

Tctrafluoroethylene, chlorotrifuoroethylene, hexafluoro- 
hutadiene. I Jdichloro- 1,2-difluoroethylene, carbon dioxide 
and carbonyl difluoride were commercial products. Fluorine 
was passed through an NaF scrubber before use. CsF for the 
synthesis of compounds 1 and 3 was dried by heating in air 
with a Bunsen flame in a ceramic crucible for a few hours, 
then ground in a hall mill under anhydrous conditions. Before 
reaction it was treated with fluorine (1 atm, room tempera- 
ture) for I h. 

.<.3. Prepurution of CF.,OOC(O)F (3) 

The method reported by DesMarteau was used [7]. Treat- 
ment of caesium fluoride as outlined before was essential for 
a successful reaction; fused and finely ground CsF was too 
active and led to decomposition of the product to COFl and 
OZ. The yield of the reaction and the infrared and NMR 
spectra of this compound corresponded to those reported. 

r.4. Prepuration of CF,OOCF,OF (I) 

Compound 3 ( 2-10 mmol) was condensed at - 196 “C in 
a 75-ml stainless steel cylinder containing 3 g of CsF treated 
as described above, then a 10% excess of fluorine was added 
and the cylinder was placed on frozen CFC-11 and liquid 
nitrogen. In this way the temperature rose during 16-20 h to 
- 70 “C. Excess fluorine was pumped out at - 196 “C and 
the product transferred to the vacuum line for measurements. 
Compound 1 was obtained in quantitative yield and was free 
of starting material based on IR spectra. 

3.5. Reuction of compound 1 with CF,=CFCl 

In the lower part of a 300 ml cylindrical Pyrex glass vessel, 
tilled with 318 in glass beads and fitted with a glass-Teflon 
valve and a standard taperjoint, 7.9 mmol of CF,=CFCl were 
condensed from the vacuum line at - 196 “C, the level of the 
liquid nitrogen was raised and 3.28 mmol of CF,OOCF,OF 
were condensed into the upper part of the reactor. The vessel 
was placed in an empty Dewar previously cooled with liquid 
nitrogen, and allowed to return to room temperature over- 
night. The reaction mixture was fractionated in vacuum 
through - 65 “C and - 85 “C traps, which retained 1.45 mmol 
of CF300CF,0CF2CF,C1 (6) and CF300CF,0CFClCF, 
(7 ). through a -95 “C trap (empty) and through a - 196 
“C trap. which retained 7.15 mmol of unreacted CF,=CFCl, 
COFl and other unidentified products. 

lsomers 6 and 7 had the same GC retention time and hence 
their separation was not possible. From NMR spectral meas- 
urements (see Table 1) , a ratio of 6 to 7 of 1: 1 was ascer- 
tained. The following data refer to this 1:l mixture. IR 
(cm ~‘i: 1345 (w); 1298 (m); 1256 (vs); 1208 (m); 1136 
(vs); 988 (m); 881 (w). MS(C1) (m/e,[fragment], % 
intensity relative to the parent ion): 101, [CF,OO], 7.4; 135, 
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Table I 

NMR data ( 6, ppm) of compounds 61 I 

A H C D E F 

CF,AOOCFZBOF - 68.9 x0.5 157.5 

CF2AOOCF2BOCF2’CF,“CI ( 6) d - 68.4 64.X - 88.4 - 74.2 

CFJAOOCFLBOC~CICF,” (7) ’ -68.3 63 6 - 80.2 - 85.8 

~ 64 0 

h‘l x 

65 7 

CF,“OOCF BOCF “CF ” ( 8 I 

CF,AOOCF~BOC~(CF:“)CF”=CF,F ( 9 

- 68.3 64 7 - 89.9 - 86.9 

) - 68.5 -- 646 - 134.2 - 84.3 - 186 -87 

65 0 -104 

66 0 

hh 1 

CF,AOOCF,BOCFL’CF”=CFECF<F ( 10 ) -68 3 64 8 - 73.6 - 158.4 - 158.3 -69.2 

(cis isomer) 

CF,AOOCF,BOCFZ’CF”=CFECF,F (11) ~ 68.4 64 Y -71.4 - 140.7 - 141.3 -66.6 

(mm isomer) 

a The two isomers (ratio I : I ) could not be separated 

[CJlF,], 55; 151, [CF,OOCF,J and/or [C,ClF,O], 100; 
201, [M-CF,OO], 9; 217, [M-CF,O], 3.5; 267. 
[M-Cl], 1.6; 283, [M-F]. 3.6; 303, [M+H], OS. 

3.6. Reaction oj’compound 1 w’ith CF,=CF, 

Using the same procedure as for compounds 6 and 7,2.26 
mmol of 1 were reacted with 4.52 mmol of CF,=CF2. Frac- 
tionation gave the following: a - 80 “C trap retained 1.53 
mmol of CF,OOCF,OCF,CF, ( 8) and CF,00CF2CF20CF, 
in a 8:2 ratio (the byproduct was identified from its known 
NMR spectrum [ 31) a - 196 “C trap retained 2.41 mmol of 
volatiles that had passed through a - 100 “C trap (IR spectral 
analysis showed that this fraction contained C?F, and COF:. 
and the NMR spectrum also showed CF,OOC,F,, CF,0C2F,. 
CF,OOCF,, CF,OOOCF,, all known compounds [ 3,4.7] ) 
Only traces of C,F, polymer and no uncondensable gases 
were found. 

CF,OOCF,OCF,CF, (8): NMR (see Table 1). IR 
(cm-‘): 1256 (vs); 1202 (s); 1172 (s); 1142 (vs); 1107 
(sh.); 893 (w); 756 (w); 722 (w). MS(C1) (m/e, [frag- 
ment], % intensity relative to the parent ion): 10 1, [ CF,OO 1. 
9.8; 119, [C,F,], 27; 151, [M-C2Fs], 100; 185, 
[M - CF,OO] , 26.4; 267, [M -F] , 59. Analysis: Calc. for 
C,F,,O,: C, 16.80; F, 66.42%. Found: C, 17.23; F, 65.34%. 

3.7. Reaction of compound 1 Nit/l CF?=CF-CF=CE;, 

Following the previously reported procedure, 1.75 mmol 
of 1 were reacted with 5.22 mmol of CFz=CF-CF=CF,. 
Fractionation in a -48 “C and -76 “C trap gave a total 
amount of 1.30 mmol of product. By CC and NMR analysis. 
this fraction contained three products. The reaction was 
repeated to provide more for separation. From gas chroma- 
tography, it was apparent that the products, injected as liquids. 
decomposed upon injection into more volatile compounds; 
by lowering the temperature of the injection port to 100 “C 

from the usual 200 “C and operating the column below 
100 “C, such decomposition was reduced. Under these 
conditions, preparative GC (isothermal, 80 “C) allowed 
the separation of CF,OOCF,OCF( CF,) CF=CF, (9) from 
cis-CF,OOCF,OCF,CF=CFCF, (10) and the trans isomer 
( 11) (not baseline separated). The properties of the isolated 
compounds are listed below. 

Compound 9: IR (cm-‘): 1787 (m); 1346 (m); 1310 
(s); 1238 (vs); 1154 (s); 1096 (m); 956 (w); 880 (w). 
MS (CI) (m/e, [fragment], % intensity relative to the parent 
ion): 151, [M-C,F,O], 6.7; 181, [C,F,], 100; 247, 
[M-CF,OO], 2.1; 263, [M-CF,O], 3.7; 329, [M-F], 
14.2. Analysis: Calc. for C,F,,O,: C, 20.70; F, 65.50%. 
Found: C, 20.63; F, 65.89%. 

Compound 10: IR (cm-‘): 1786 (w); 1255 (vs); 1187 
(s); 1138 (s); 959 (w); 858 (w). Analysis: Calc. for 
C,,F,?03: C, 20.70; F, 65.50%. Found: C, 20.57; F, 66.22%. 

Compound 11: IR (cm-‘): 1727 (m); 1350 (m); 1251 
(vs); 1190 (vs); 1176 (vs); 973 (w); 949 (w); 872 (w); 
820 (w) Analysis: Calc. for C,F,,O,: C, 20.70; F, 65.50%. 
Found: C. 20.5 1; F, 65.05%. For NMR data: see Table 1. 

In this reaction, the other possible isomer from 1,2-addition 
to one double bond, i.e. CF,00CF,0CF,CF2CF=CF2, was 
never observed. 

3.8. Reaction of compound I with CFCLCFCI 

A general method for the semicontinuous addition of 1 to 
CFCl=CFCI was as follows. Into a 50 ml Pyrex glass reactor, 
connected to a Pyrex-glass vacuum system, CFCLCFCI (4 
mmol) was condensed at - 196 “C. The reactor was then 
placed in a CFC- 11 bath kept at the desired temperature ( - 60 
to - 100 “C) Within this temperature range the vapour pres- 
sure of the olefin was lower than 8 mbar. Compound 1 ( 1 
mmol) was then condensed at - 196 “C [with F, (0.1 mmol) 
if used] in a trap connected to the reactor by a vacuum line. 
The latter was then warmed up to - 105 “C. At this temper- 



Table 2 
Product yield in the reaction of compound 1 wtth CFCI=CFCI in the absenz 
ofFz 

Reaction 
temp. (“C) 

Product yield (Q) ~’ 

CF~00CFzOCFCICF2CI 

-60 21 24 
- 100 67 7 

a Determmed by NMR spectroscopy (B referred to hypotluonte) 

ature the vapour pressure of 1 was GL 15 mhar. The hypo- 
fluorite was allowed to transfer from the trap to the reactor. 
The rate of addition could be controlled by a valve and was 
complete over a period of 0.5. The products were separated 
by trap-to-trap distillation and characterized by NMR. IR and 
mass spectroscopy. NMR yields for the two major reaction 
products of the reactions carried out when fluorine was not 
present are summarized in Table 2. 

CF,AOOCF2B,B ‘OCFC‘CICF,Dr-“Cl: “‘F NMR: 6, = - 68.2 
(t) ppm; &.,.(AB system)= -63.6 (m). -63.9 (m). 
-64.8 (m), -65.1 (m) ppm; 1;,.=-76.93 (m) ppm; 
&.,. = - 70.87 (d,d) ppm: JAH = 3.7 Hz; J,,. = 1 1.9 Hz: 
JcD = 5.9 Hz; J,,, -i- - ?30.5 Hz; Jm, = 6.Y Hz. IR (cm ’ I: 
1293 (s); 1251 (vs); 1215 (vs): I131 (vs); 1043 (m);8Y3 

( m) ; 845 (m). MS( CI) (m/e, [fragment], % intensity rel- 
ative to parent ion): 69, [CF,], 100; 101, [CF,OO], 32.7; 
151, [C,Cl,F3] and/or [CF,OOCF,], 27.9; 217, 
[ C,CI,F,O], 29.9. Analysis: Calc. for C,Cl,F,O,: C, 15.06; 
Cl, 22.23; F,47.65%. Found: C, 15.24; Cl, 22.56; F,46.53%. 

C~CIkC~Cl-OCF,“,“d trcln~ [ 8,101: 19F NMR: 
&=6,= -55.5 (t)ppm; a,,= -57.7 (t) ppm; J,,= 
J,, = 5 Hz. 

CFC‘CI-CI?Cl-OCF2A~B0 cis [ 8,101 “)F NMR: S,, 
( AB system) = - 55.4 (d), - 58 (dt) ppm; S, = - 69.9 (d) 
ppm; J,c = 9 Hz; JAB = 68 Hz. 

References 

[ I] R.S. Porter and G.H. Cady, J. Am. Chem. Sot.. 79 (1957) 5625. 
[2] K.K. Johti and D.D. DesMatteau, J. Org. Chem., 48 (1983) 242. 
[ 31 F.A. Hohorst, J.V. Pauktelis and D.D. DesMarteau, J. Org. Chem., 39 

(1974) 1298. 
[4] N. Walker and D.D. DesMarteau, /. Am. Chem. Sot.. 97 (1975) 13. 
[ 5 ] R.L. Talbott, J. Org. Chem.. 33 ( 1968) 2095. 
[6] M. Lustig and J.K. Ruff, Chem. Commun., (1967) 870. 
[7] D.D. DesMarteau,Inorg. Chem.. 9 (1970) 2179. 
[S] W Navarritu and S. Fontana, Eur. Pat. Appl. 499 157. 
19 ] E.N Squire, US Pat. 4 399 264. 

] IO] L. Bragante. S. Fontana, W. Navarrtni. V. Tottelli and A. Zedda, J. 
Fluorrne Chern , 71 ( 1995 ) 1 I I. 


