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Reactions of (MeCsH4)aU(t-Bu): Intermolecular Fluorine Atom Abstraction 

from Fluorocarbons Including Saturated Perfluorocarbons 

Marc Weydert, Richard A. Andersen* and Robert G. Bergman* 

Department of Chemistry, University of California, and Chemical Sciences 

Division, Lawrence Berkeley Laboratory, Berkeley, California 94720 

Abstract 

(MeCsH4)3U(t-Bu) reacts under mild conditions in the presence of hydrocarbon 

solvents with hexafluorobenzene, benzotrifluoride, perfluoromethylcylohexane 

and perfluorocyclohexane, respectively, to give (MeCsH4)3UF in high yield. The 

organic reaction products observed are indicative of a radical mechanism. 
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Only a few examples of intermolecular C-F bond activation have been 

reported.1 The pronounced inertness of perfluorocarbons is undoubtedly caused 

by the high C-F bond dissociation energies 2 and by the weakness of metal

fluorocarbon interactions. 3 Thus both thermodynamic and kinetic factors 

generally disfavor C-F bond activation. Here we report the reactions of 

(MeCsH4)3U(t-Bu) 4 with fluorocarbons, resulting in efficient fluorine abstraction 

under mild conditions in the presence of hydrocarbon solvents. To our knowledge 

this is the first example of· intermolecular C-F activation of a saturated 

fluorocarbon by a transition metal complex. 

Stirring (MeCsH4)3U(t-Bu) with 2 equiv of hexafluorobenzene 5 in toluene 

solution at room temperature for 24 h gives the uranium(IV) fluoride 

(MeCsH4)3UF 6 in quantitative ·yield (1 H-NMR spectroscopy). The organic 

products of this reaction, identified by 1 H- and 19F-NMR spectroscopy, GC and 

GC-MS, were CsFsH,7 CsFs(t-Bu), isobutane, and isobutene as well as small. 

amounts of hexamethylethane, bibenzyl and 2,3,4,5,6-pentafluoro-4'-methyl

biphenyl 8 (Scheme 1 ). CsFs(t-Bu) was synthesized independently from t-Buli 

and CsFs. 9 The identity of the other products was confirmed by comparison to 

commercial samples. 

When the reaction was carried out in benzene-dB solution at 25 °C, the 

1 H-NMR yield of CsFs(t-Bu), isobutane and isobutene was 25, 40 and 15%, 

respectively, by integration at 30 °C. The organic product distribution is 

temperature dependent. The amount of CsFs(t-Bu) formed relative to CsFsH 

decreases with increasing reaction temperature and the isobutane:isobutene 

ratio also approaches 1 :1. At a given temperature, the rate of reaction 

qualitatively increases with increasing concentration of CsFs. The complexity of 

the organic product distribution, its temperature dependence and the observation 

of small amounts of radical recombination products are consistent with a radical 
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cage mechanism as proposed in Scheme 2. Initial attack of CsFs on 

(MeCsH4)3U(t-Bu) leads to a caged radical pair and accounts for the observed 

rate dependence on CsFs concentration. A t-butyl radical can then escape from 

the cage, leading to CsFsH and products arising from free t-butyl radical,1 0 or the 

t-butyl radical can recombine in the cage with the pentafluorophenyl radical to 

give CsFs(t-Bu). Such a "branching point" would account for the observed 

temperature dependence of the product distribution. 

With regard to the principal driving force for the reaction of (MeCsH4)3U(t

Bu) with CsFs, a U-C bond and a C-F bond have to be broken. This is offset by 

the formation of a U-F bond and either a C-C bond (CsFs(t-Bu)), a C-H bond 

(isobutane and CsFsH) or a C-C double bond (isobutene)~ The U-F bond energy 

can be estimated at ~ 150 kcal/mol based on known thermochemical data for ~ 

uranium fluorides.11 Its strength offsets the C-F bond dissociation energy eft 

CsFs which is reported to be 154 kcal/mol.2 The U-C bond strength can b'e 

estimated at ~ 80 kcal/mol based on thermochemical measurements on primary' 

actinide alkyl compounds.12 Because a tertiary alkyl-uranium bond is likely to be · 

significantly weaker than 80 kcal/mol, its dissociation energy is compensated by · 

the successive reactions of the organic radical intermediates formed in the 

reaction. 

In order to expand the range of substrates to compounds with saturated C

F bonds, we first investigated PhCF3. This substrate possesses an aromatic 

phenyl ring Which can potentially coordinate to the metal center and perhaps 

facilitate C-F bond activation. As expected, (MeCsH4)3U(t-Bu) reacts with 

benzotrifluoride 5 to form (MeCsH4)3UF in essentially quantitative yield (eq 1 ). In 

neat PhCF3, PhCF2(t-Bu) was id~ntified among the volatile reaction products by 

GC-MS. Since isobutane and isobutene are also present, it seems likely that the 

radical recombination product, PhCF2CF2Ph, should be present as well; 
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however, it was not detected. Aromatic solvent such as f:rxylene-dto can also be 

used; in this case, PhCF2(t-Bu) was not detected. 

Extension of the C-F activation process to saturated perfluorocarbons was 

examined next. The choice of a suitable substrate is more difficult because of the 

physical and chemical properties of perfluorocarbons.13 They are poor solvents 

as well as being poorly soluble in hydrocarbon solvents. We therefore attempted 

a heterogeneous reaction between perfluoromethylcyclohexane 5 and 

(MeCsH4)aU(t-Bu)(eq 2). Over 4 h at 65 °C, formation of (MeCsH4)3UF was 

observed, although the conversion was not quantitative (ka.. 70%). 

(2) 

Since the incomplete conversion in the above reaction might have been a 

consequence of working with a heterogeneous system, a homogeneous system 

was needed. Perfluorocyclohexane 14, in contrast to most other saturated 

perfluorocarbons, is reasonably soluble in aromatic solvents.15 When the 

reaction between (MeCsH4)3U(t-Bu) and CsF 12 was carried out in toluene 

solution at room temperature for 12 h with a 5-fold excess of CsF12. a 1 :1 mixture 

of (MeCsH4)3UF and (MeCsH4)3U(CH2Ph) 16 was obtained (eq 3). 

Among the organic products CsF 11 H, isobutane and isobutene were 

detected by GC and GC-MS. Because the thermal decomposition of 
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(MeCsH4)3U(t-Bu) in toluene in the absence of CsF12 does not lead to formation 

of (MeCsH4)3U(CH2Ph), 17 the fluorocarbon must be involved in the formation of 

the uranium benzyl species. We rationalize these observations by the radical 

reaction sequence outlined in Scheme 3. The reaction of a CsF11• radical with 

toluene to yield CsF 11 H and benzyl radical has been documented.18 The benzyl 

radical then attacks another molecule of (MeCsH4)3U(t-Bu) to yield 

(MeCsH4)3U(CH2Ph) and a t-butyl radical. To test this hypothesis, the reaction 

between (MeCsH4)3U(t-Bu) and CsF12 (5-fold excess) was carried out in toluene 

in the presence of 3-fold excess of 9,1 0-dihydroanthracene, a radical trap. After 

stirring for 12 h at room temperature, a 20:1 mixture ·of (MeCsH4)3UF and 

' (MeCsH4)3U(CH2Ph) was obtained and anthracene was detected by GC among 

the volatile organic products.Given this high trapping efficiency, it seems likefY· 

that the dihydroanthracene is trapping primarily the relatively stable benzyl 

' radical rather than the reactive CsF11• radical. The conversion in these reactions· 

was essentially quantitative based on uranium. When the reaction between 

(MeCsH4)3U(t-Bu) and CsF 12 was carried out in. o-xylene-d1 a as a solvent, 

conversion to (MeCsH4)3UF was essentially quantitative. Apparently, the o-xylyl 4 

radical, presumably formed when the reaction is carried out in o-xylene, is too 

hindered to displace a t-butyl group from the uranium center at an appreciable · 

rate. 
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of the U.S. Department of Energy under Contract No. DE-AC03-76SF00098. We 
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Supplementary Material Available: GC, GC-MS data for the volatile 

organic products. 
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Scheme 3 

a) (MeC5H4bU{t-Bu) + C6F12 -----~-.~(MeC5H4bUF + C6F11 • + t-Bu• 

b) C6F11• + PhCH3 -----~ .. ~CsF11H + PhCH2• 

c) (MeC5H4bU{t-Bu) + PhCH2• -----~-.~(MeC5H4bU(CH2Ph) + t-Bu• . 
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Supplementary Material 

Reactions of (MeCsH4)3U(t-Bu): Intermolecular Fluorine Atom Abstraction 

from Fluorocarbons Including Saturated Perfluorocarbons 

Marc Weydert, Richard A. Andersen* and Robert G. Bergman* 

GC-Conditions for analysis of the volatile materials formed in the reaction 

between (MeCsH4)3U(t-Bu) and CsFs in toluene: Hewlett-Packard HP-5790 

instrument equipped with a HP-3390A integrator and a HP-19091 B Option 112 

ultra high performance capillary column (crosslinked 5% phenylmethylsilicone, 

length 25 m, int. diameter 0.31 mm). Split ratio: 70:1. Flow through column 1 

ml/min, helium carrier gas. Conditions: initial temperature 50 oc; initial time: 2 

min; rate 10 °C/min; final temperature 250 °C .. 
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GC-Conditions for analysis of the volatile materials formed in the reaction 

between (MeCsH4)3U(t-Bu) and CsHsCF3 (neat): Instrument and conditions as 

above. 

Compound Retention Time (minl 

lsobutane 1.49 

lsobutene 1.52 

Benzotrifluoride 3.58 

PhCF2(t-Bu) 9.58 

GC-MS data for PhCF2(t-Bu): Hewlett-Packard 5890 GC equipped with a 5970 

series mass selective detector (70 eV) and a JNW-Scientifics capillary column 

(stationary phase: 08-5, length 30m, int. diameter 0.25 mm). 

mle (>50 amu) Intensity Assignment 

184 24 PhCF2(t-Bu) 

169 4 PhCF2-CMe2 

133 3 

127 37 PhCF2 

109 4 

91 6 

77 16 Ph 

65 3 

57 100 t-Bu 

51 10 
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GC-Conditions for analysis of the volatile materials formed in the reaction 

between (MeCsH4)3U(t-Bu) and C6F 12 in toluene: Instrument as above. 

Conditions: initial temperature 30 °C; initial time: 2 min; rate 10 °C/min; final 

temperature 250 °C. 

Compound Retention Time (min) 

CsF11H 1.43 

C6F12 1.45 

lsobutane 1.53 

· lsobutene . 1.58 

Toluene 6.23 

GC-MS data for C6F11H: Instrument as above. 

m/e (>50 amu) Intensity Assionment • 

282 0.7 CsF11H 

281 2 CsF11 ·.~ 

231 14 CsF9 

193 3 CsF7 

181 20 C4F7 

162 3 C4Fs· 

131 100 C3F5 

119 5 C2Fs 

100 31 C2F4 

93 18 C3F3 

74 4 C3F2 

69 75 CF3 
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