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anism and also wish to report the first convenient 
method for the preparation of fluoroperoxytrifluoro- 
methane, CfisOOF. 

In the majority of its reactions, OF2 acts as a power- 
ful fluorinating agent, but in a few cases simple addition 
of OF2 to a substrate has been observed. The photo- 
chemical addition of OF2 to s03's7 has been shown to 
proceed via an .OF  intermediate. Also, Merritt has 
proposed that carefully controlled oxidations of 
amines8 and certain unsaturated c o r n p ~ u n d s ~ - ~ ~  by OF2 
may involve intermediate OFz adducts. 

Results and Discussion 
A. Mechanism.-The mechanism of the reaction 

of COF2 and OF2 was elucidated by using 170-tracer 
techniques and I7O hmr analysis. According to the 
proposed mechanism, if C170Fz is allowed to react with 
ordinary OF2, the 170 should be in the positions 

C170F2 + CsF + Cs+'7OCFa- ( la) 

"OF2 + 170CFa- + CF3l7O1'OF + F- P a )  

CFa170160F + 170CFa- + CFa170160170CF3 + F- (3a) 

CF8170160F + C170F2 ----t CF3170'60170CFs (4a) 

Thus, the product should contain l60 in the center po- 
sition and 170 in other positions. Alternatively, if or- 
dinary COFz is allowed to  react with 170F2, the labels 
should be reversed. 

In order to determine the chemical shifts of the vari- 
ous oxygen atoms in CF3000CF3, C170F2 was allowed 
to react with l7OFz, and a randomly labeled CF3170170- 
170CF3 was obtained. A two-line 170 nmr spectrum 
was obtained. Since the -321-ppm line had approx- 
imately twice the intensity of the -479 ppm line, 
lines were assigned as shown in Table I. Or- 

compared to these compounds. One can conclude that 
CF300F  will resemble CF3OF in the types of chemical 
reactions i t  will undergo but i t  should show much 
greater reactivity under similar conditions. 
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Fluoroperoxysulfuryl fluoride, FS0200F, was the first 
compound reported to contain the fluoroperoxy, OOF, 
group. This compound was prepared' by the photo- 
lytic reaction of sulfur trioxide, SOa, and oxygen difluo- 
ride, OFZ, and by the reaction of sulfur dioxide, S02, 
and dioxygen difluoride.z Thompsoi13 reported that 
the direct fluorination of salts of trifluoroacetic acid, 
CF3C02H, produced a number of products including 
very small amount of fluoroperoxytrifluoromethane, 
CF300F,  and fluoroperoxypentafluoroethane, CF3- 
CFzOOF. 1 - and 2-fluoroperoxyperfluoropropanes have 
also been reported4 to result from the reaction of per- 
fluoropropene, CzF6, and 02F2. At the time this re- 
search was initiated a convenient method for the prep- 
aration of a fluoroperoxyperfluoroalkane was not avail- 
able. 

Anderson and Fox6 reported that oxygen difluoride, 
OFZ, and carbonyl fluoride, COF2, react in the presence 
of cesium fluoride, CsF, catalyst to give good yields of 
bis(trifluoromethy1) trioxide, CF3000CF3, and have 
suggested that the formation of CF3000CF3 proceeds 
by the mechanism 

COFz + CSF + Cs+OCFa- (1) 

OFz + CFaO- + CFaOOF + F- (2 ) 

CFs00F + CFsO- + CFzOOOCFs + F- (3 ) 
CFIOOF + COFz ---f CFsOOOCFs (4 ) 

They, however, did not detect CF300F  in their experi- 
ments. 

We have additional proof of the validity of this niech- 
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TABLE I 

BIS(TRIFLUOROMETHYL) TRIOXIDE 
CHEMLCAL SHIFTS FOR '?@LABELED 

Chem shift, ppm relative to  H P O  
Source of sample CFa1'OO"OCFs CFsOx'OOCF8 

1 7 0 ~ ~  + ~ 1 7 0 ~ ~  - 321 - 479 

1 7 0 ~ ~  + COF~ . . .  - 479 
OF2 + C170Fz - 321 

dinary OF2 was then treated with CL70F2 and only 
the - 321-ppm line appeared; alternatively the reaction 
of 170F2 with ordinary COFZ resulted in a product that  
showed only the -479-ppm line. 

In  considering the mechanism shown by eq la-4a, 
an excess of OF2 or the removal of free COF2 should fa- 
vor the isolation of CFBOOF. As will be seen in the 
next section, CFIOOF was prepared using these types 
of experiments. It was found, however, that  CF300F 
does not react with COFz as shown in eq 4. 

It was concluded that the proposed mechanism is sup- 
ported by the 170 nmr results and by the isolation 
of CF300F  in the reaction of COF, and OFs. 

B. Preparation of F1uoroperoxytrifluoromethane.- 
Fluoroperoxytrifluoromethane was prepared as follows. 
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Carbonyl fluoride was condensed into a stainless steel 
reactor that contained CsF and thawed. Any unre- 
acted COFz was then pumped off, and a fourfold excess 
of OF, was condensed into the reactor. The reactor 
was maintained a t  room temperature for 72 hr. The 
reaction mixture was then passed through a -160" 
bath (to trap the CF3000CF3) and a -183" bath (to 
trap the CFsOOF), and then the excess OF2 was con- 
densed in a -196" trap. The products CF300F and 
CF3000CF3 were found in approximately 75 and 25% 
yields, respectively, based on the stoichiometry given 
in eq 1-3. 

C. Properties of F1uoroperoxytrifluoromethane.- 
The CF3OOF was characterized by IgF nmr spectral 
analysis and molecular weight determinations. The 
lgF nmr spectrum agrees with that of Thompson12 and 
contains the characteristic line (-291.5 ppm) due to 
the OOlgF as well as the CI9F3 line (69.2 ppm). The 
molecular weight was determined by gas density mea- 
surements (calcd, 120; obsd, 118, 121). 

Fluoroperoxytrifluoromethane is a colorless liquid 
with a melting point below - 196". Room-tempera- 
ture stability studies were made by confining a sample 
in an ir cell and monitoring spectral changes as a func- 
tion of time. At 5 mm pressure, i t  required some 138 hr 
before most of the CF300F  decomposed; i t  has not been 
ascertained whether the decomposition is due to insta- 
bility or reaction with its surroundings. 

The infrared spectrum consisted of strong bands a t  
7.75 (1290 cm-l), 7.90 p (1266 cm-l), and 8.55 p 
(1 170 cm-I) which correspond closely to the infrared 
spectrum of bis (trifluoromethyl) trioxide. The dif- 
ference appears to  be the 10.5-p (952-cm-l) band for 
the CF300F and the 11.15-p (897-cm-l) band for the 
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It has been found previously that a knowledge of 
the solvent-exchange rates from the first coordination 
sphere of a metal ion is useful in establishing the general 
lability and mechanism of complexation to the metaL1$2 
The exchange rates of the solvents methanol and N,N- 
dimethylformamide from manganese(II1) protopor- 
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phyrin IX dimethyl ester (Mn(DMPrpor)+) are re- 
ported here. The general reaction being studied is 
hIn(DMPrpor)(S)Z+ + S* Jc Mn(DhIPrpor)(S)(S*)+ + S 

where S* and S are initially free and coordinated sol- 
vent molecules, respectively. I n  a previous study3 
Fleischer did not observe any complexing with manga- 
nese(II1) hematoporphyrin; therefore there is no in- 
formation on the reaction rates of these high-spin d4 
systems. It was also of interest to extend earlier 
studies on iron(II1) protoporphyrin IX4 and cobalt- 
(111) and iron(II1) hematoprophyrin.3 

Experimental Section 
The chloride salt of manganese(II1) protoporphyrin IX di- 

methyl ester hln(DMPrpor)- was prepared and purified as 
described by Boucher .5 Anal. Calcd for Ca6H3sOaNahlnC1. 
HzO: C, 62.02; H, 5.49; N, 8.04. Found: C, 62.88; H, 
5.45; x, 7.53. 

The visible spectrum of Mn(DMPrpor)Cl. H20 in methanol 
shows maxima (with molar extinction coefficients in parentheses) 
a t  27,000 cm-' (7.73 X M-l cm-l), 21,600 cm-' (5.90 
X lo4 M-' cm-I), and 18,200 cm-I (1.1 X lo4 M-' cm-l), with 
a further weak band a t  -17,200 cm-l. The band positions 
agree with those given by B o ~ c h e r , ~  but the extinction coefficients 
seem to  be slightly higher than those which can be read from 
Figure 5 of ref 5 .  It has also been found, in agreement with 
Boucher, that  removal of chloride ion with silver perchlorate has 
no effect on the spectrum in methanol. 

The effective magnetic moment of Mn(DMPrpor)+ in methanol 
has been determined between -60 and +40°,  using the nmr 
shift method suggested by Evans.6 The sample was prepared 
under vacuum by treating Mn(DMPrpor)C1.HzO with AgC104 
and molecular sieves. Cyclopentane was used as an internal 
standard. A Curie law temperature dependence, with an effec- 
tive magnetic moment of 5.01 (after correction for diamagnetism 
of the porphyrin), was found. This result is in agreement with 
values of 4.86-4.97 determined by Boucher5 on various solid 
salts. 

All solutions for nmr analysis were prepared on a vacuum line 
using standard techniques. All samples were treated with Ag- 
C104 and molecular sieves to  remove chloride and water, re- 
spectively, from Mn(DMPrpor)Cl.H20. The metal complex 
concentration was determined from the weight of solvent and 
complex used. In several cases this concentration was checked 
spectrophotometrically, and agreement with the expected value 
was always better than 570. 

In methanol the Mn(DMPrpor)+ concentrations used were 
9.65 X 9.81 X and 2.38 X m, in order to ob- 
tain line broadenings in the range of 5-50 Hz and shifts of 1-12 
Hz. The shifts and broadenings were found to  be directly 
dependent on the Mn(DMPrpor)+ concentration and in a sep- 
arate study this dependence was confirmed, a t  40°, up to 8.25 
X lo-* m, the maximum concentration studied. 

In DMF, complex concentrations of 6.88 X 1.23 X 
10-2, and 2.39 x nz were used to give broadenings and shifts 
in the same range as those observed in methanol. The methyl 
proton broadenings were determined by a least-squares fit of the 
two overlapping methyl resonances to  the sum of two Lorentzian 
curves. Only the data for the higher field methyl resonance are 
given here, since the other methyl resonance shows essentially the 
same behavior. 

The solvents were purified by double vacuum distillation from 
molecular sieves, the middle fraction of each distillation being 
used. Solvents were stored under vacuum over molecular 
sieves. 

The nmr measurements were made on a Varian dssociates 
A-56/60 spectrometer equipped with a Varian Model V-4343 
temperature controller. Temperatures were determined from 
the peak separation in pure methanol or ethylene glycol. 
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