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Transition metal catalyzed reactions have been widely used
in hydrocarbon transformations, but the analogous chemistry
in perfluorocarbons is largely unexplored. Although huge
numbers of transition metal complexes containing fluorinated
ligands have been reported, these complexes usually lack th
catalytic activity necessary for useful transformations of fluo-
rocarbons. That is due to the fact that they exhibit dramatically
different structural and bonding characteristics with enhanced
thermal stability in comparison with their hydrocarbon coun-
terpartst Fluorinated organometallic reagents have recently
received much attention, but catalytic reactions are much more
attractive for the synthesis of fluorocarbghglthough transi-
tion metal complex catalyzed defluorinations of perfluorocarbons

have been reported very recently, other useful metal catalyzed

reactions under conventional conditions remain unknown to the
best of our knowledgé. We report here the first example of a
transition metal catalyzed reaction of highly fluorinated epoxides
with halogens, which may involve the metal £éomplex, to
give dihalodifluoromethanes and fluorinated acyl fluorides in
good yields.

Difluorocarbene and its precursors react with iodine to give
very poor yields of CH,.# Reaction of hexafluoropropylene
oxide (HFPO), a well-known difluorocarbene precursor, with
I, in a stainless steel tube or in a glass tube affords only less
than 15% yield of CH,.>6 We discovered that the reaction of
HFPO with b in the presence 0f-310 mol % of Ni powder in

a stainless steel shaker tube or a glass tube resulted in high

yields of CFl, and CRCOF, along with small amounts of
I(CF)nl (n= 2, 3).

—NL__ GFX, + X(CFa)X + X(CFp)sX + CFaCOF

0

F,C—CFCF, © 185°C
X = I: 78-90%

X =Br: 68%
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A 400-mL stainless steel shaker tube was charged with 3 g
of Ni powder (Aldrich, 99.99%, 100 mesh) and 127 g pahd
cooled to—78°C. After evacuating, 90 g of HFPO was added
and the tube was vigorously shaken at *&for 8 h. Gas
(CRCOF) was transferred into &78 °C trap and 146.3 g of
crude liquid product was distilled to give 116.8 g (78%) of a
64.3:1:4.7 (GC area) mixture of @i, I(CF,).l, and I(CR)sl .
Other catalysts containing nickel such as Ni/Zn (Urushibara
catalyst) and Ni/Cu/Zn also catalyze the reacti®rThe success
in the reaction with Ni alloys prompted us to use a vessel with
high nickel content as a reactor. Indeed, the reaction proceeded

well in a Hastelloy C reactor to give greater than 85% oflgF

in the absence of added nickel catalyst.

Reaction of HFPO with bromine under similar conditions

ave CEBry; and CRCOF with traces of Br(CHqBr (n = 2,
3). The reaction proceeded in a Hastelloy C vessel or in a
stainless steel vessel with Ni powder, but only a very low yield
(<5%) of CF,Br, was observed in the absence of nickel powder
in a stainless steel tube. Since this is a heterogeneously
catalyzed reaction, vigorous shaking or agitating is critical to
achieve high yields of the desired products. The reaction could
also be carried out in inert solvents such as fluorochlorocarbons
or perfluorocarbons, but the absence of solvent greatly simplified
the workup process and minimized waste with similar yields
and selectivites compared to the reaction in solvents.

The nickel catalyzed reaction also can be carried out with
interhalogens such as'X (X = Br, Cl). With I-Br and HFPO
at 190°C in a Hastelloy C shaker tube, a 1:1:0.29 (mol) mixture
of CRl,, CRBrp, and CRIBr was isolated in 74% total yields.
Similarly, the major product with+Cl was CFkl, (58% yield
base on +ClI) along with CRICI (9% yield based on+Cl)
and CRCI,.19 In both cases, traces of higher homologues
X(CR)nY (X, Y = halogen anch = 2, 3) were also detected
by GC-MS and'®F NMR analysis.

0

FZC/—CFCFa + Xl ——= CFyl, + CFyIX + CF,X, + CF,COF

X =Br, Cl

The nickel catalyzed reaction is general and works well with
other fluorinated epoxides. The perfluorophenyl, perfluorosul-
fonyl fluoride, and chlorofluorocarbon groups in the epoxides
did not interfere with the reaction. The reaction of these
fluorinated functionalized epoxides with in the presence of
Ni powder in a sealed glass tube with vigorous shaking at 190
°C afforded good yields (6881%) of CFl, and the corre-
sponding fluorinated acyl fluorides.
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for CRly +18.6 ppm (s). HRMS: calcd for Gk 303.8057; found
303.8065.

(10) CRICI, bp 31-34°C, 1% NMR: +8.2 ppm (s) and CEl; is too
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A N Scheme 1
F,C—GFR. + eoc CFol + I(CFp))l  + RECOF Ni
major n=23 CFoX;, !
F,C—CFRg
R = CF,CFCICF,CI: 81%

CF,0C¢Fs: 80%
CF,OCF,CF,SO,F: 68% .
2 CF,—Ni

The precise mechanism for this nickel catalyzed reaction is Ni-CFX N|i—<|3 andior 1

unclear. Initially, NI'l; generated from the reaction of iodine X p o—¢ o=t
with nickel powder was suspected as a catalytic species. AR B
However, the recovered dark powder after reaction was a

mixture of Ni(0) and Nil, as determined by X-ray diffractiof.

As a control experiment, we carried out the reaction withi Ni

(Aldrich, 99.99%) as a catalyst under identical conditions; no X Ni=CF,
desired CH, was obtained. Subhalide 'Nihas also been ¢
considered as a catalytic species, since Ni(l) complexes in either

homogeneous solution or on silica support were formed by In conclusion, we have discovered an unprecedented nickel
reaction of Ni(0) and Ni(ll) complexes or by reduction of Ni- catalyzed reaction of highly fluorinated epoxides with halogens
(.12 Such a possibility may not be the case in this reaction at elevated temperatures. Since HFPO is a readily available
because when a mixture of powdered nickel andiNwas material, the reaction provides the first useful synthesis of CF
heated at above 18, even in the molten state, no evidence Wwhich is an important building block for the preparation of other
for the formation subhalide Nil was observed; thus) skems fluorinated compounds, but heretofore has been extremely
unlikely to be the catalytic specié%. We propose that nickel  difficult to obtain#51619 In addition, the high value of by-
atoms are the catalytic center where the fluorinated epoxide first product, fluoroacyl fluoride, the absence of solvent, and high
adsorbs and then undergoes oxidative addition to give fluori- yields make this reaction more attractive for the synthesis of
nated oxanickel cyclobutarfe and/orB, which rapidly decom- functional fluorocarbons on a large scale. Mechanistic studies
pose to CECOF and nickel difluorocarben€.141¢ The and further applications of the novel chemistry are currently in
formation of N=CF, C may alter the reactivity of the carbene progress.

carbon from electrophilic to nucleophilic, resulting in facile

reaction with halogens to give intermedial!’ Finally, Acknowledgment. We wish to thank Drs. R. R. Burch, C. G.
reductive elimination could give GK; and regenerated nickel  Krespan, P. A. Morken, and B. E. Smart for valuable discussion and
(Scheme 1). The formation of small amounts of higher R.E. Smith for technical assistance.

homologues X(CEX (n = 2, 3) is consistent with reaction of

halogens with the dimer or trimer of GI® Supporting Information Available: Experimental details and
characterization of all products (5 pages). See any current masthead
page for ordering and Internet access instructions.
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