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Enhancement of the solubility of transition metal complexes
in saturated fluorocarbons and supercritical ,Cllows stoi-
chiometric and catalytic chemistry to be conducted in these
unusual media. Introduction of ligands bearing perfluoroalkyl
groups has been shown to aid such solubliijpnd consequently,
methodology for direct fluoroalkylation of metal complexes is
of considerable interest. The most common source of perfluo-
roalkyl groups are commercially available perfluoroalkyl iodides
(Rel), but almost all reactions of these compounds with transition
metal complexes involve oxidative addition of the-Cbond
at the metal center to give metdluoroalkyl complexes.
However, we have recently shown that the site of reaction of
Rel with [Rh(5%-CsHs)L ] (L = CO, PMe) can be changed by
varying L; when L is CO, fluoroalkylation at the metal occurs Figure 2. Molecular Structure of7. Selected bond distances and
to afford [Rh;>-CsHs)Rel(CO)], but when L is PMeg fluoro- angles: W(1)-centroid (C1-C5), 1.977(9) A; W(1)-centroid (C6-
alkylation occurs chemo- and stereospecifically at the cyclo- C10), 1.989(9) A; centroidW(1)—centroid, 138.4 (2} W(1)—I(1),
pentadienyl ring to yield the diene compl@® Two possible  2:8565(8) A; W(1)-C(11), 2.279(12) A; 1(13rW(1)—C(11), 78.2(3);
mechanisms were considered. Consistent with reactions of somé>(11)-C(12), 1.54(2) A.
hydrocarbon alkyl iodides with transition metal complexes, a
radical mechanism, in which the first step is single electron  Reactions of 1 equiv of the secondary perfluoroalky! iodide
transfer from the complex to @/ must be consideredl. The ICF(CR)2 with [MCp2(CzHa)] (2, M = Mo; 3, M = W)® afford
radical anion thus generated,fR*~, is known to give T and the hydrido complexed and5 quantitatively as monitored by
Re, at least when Ris a primary fluoroalkyf Rg* could then NMR; lower yields of the complexes could be isolafedrree
react at either the metal or the ring to give the observed products,ethylene is observed when the reactions are conducted in NMR
with the selectivity controlled by the nature of L. However, a tubes. The structure o6 has been confirmed by X-ray
two-electron process involving nucleophilic attack by the metal crystallography’, and an ORTEP is provided in Figure 1. In
on the iodine with formation of an intermediate fluorocarbanion contrast, the tertiary perfluoroalkyl iodide IC(g)kreacts with
Re~ could not be discounted. Here, we report that reactions of 2 or 3 cleanly at the ethylene ligand to giéeand 7.6 X-ray
[MCp2(C-Ha)] (M = Mo, W) with secondary and tertiary ~ crystallography confirms the structure @f and an ORTEP
fluoroalky! iodides give products arising from selective fluo- diagram of one of the two chemically identical, crystallographi-
roalkylation at the cyclopentadienyl ring or the ethylene ligand, cally independent molecules is presented in Figure 2.
and evidence is presented that strongly supports a perfluoroalkyl The observation of traces of HCF(gfor HC(CF)s (identi-
carbanion rather than a perfluoroalkyl radical as the alkylating fied by F NMR spectroscopy)in all of these reactions
species. suggested that a fluoroalkyl intermediate in the reaction was
being intercepted by an H-atom- or proton-donor. When the
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_ ) _ _ and [WCpCI;]” which result in substitution at one cyclopen-
reaction of3 with ICF(CFs); to give 5 was performed in  tadienyl ring. Unfortunately we, and othéf&have been unable
perdeuterotoluene, the same traces of HCE{kfere detected,  to prepare the catioB, and it is unsettling that the Davies
and no DCF(CE),° was observed. When the same reaction Green-Mingos ruled® predict kinetically controlled attack by
was cgrrled out in €Ds in the presence of up to 68 equiv of  nycleophiles at the ethylene ligand®fn preference to attack
9,10-d|hydroar_1thracene, no more HCF(&_}FNas detecte_d than  at Cp. A related reaction of [WG(CO)] with CCL, to give 10

that detected in a control experiment with no 9,10-dihydroan- has been reported, although a radical mechanism involving SET
thracene. Consequently, we attribute the traces of HCH{CF a5 the initial step was propos&.We find that reaction of
observed to trapping of a fluoroalkyl carbani®by a proton [WCp,(CO)] with ICF(CF), results in formation ofl12* with
source; adventitious moisture is the most likely candidate. traces of FC=CF(CFs); when CHOD is used as a trap, DCF-
Further support for a fluorocarbanion intermediate is provided (CF;), is observed. An X-ray crystallographic determination
by the observation of small amounts 0fG=CF(CFK) and has confirmed the structure dfl and, in particular, thexo
F2.C=C(CFs), among the reaction products from ICF({For stereochemistry of the fluoroalkyl grodp. These results also
IC(CFs)s respectively, presumably arising from elimination of ~ support a carbanionic mechanism for this reaction; loss of CO
F~ from the corresponding fluorocarbaniofis.In agreement  from 11 s clearly less favorable than loss of ethylene frem
with this hypOtheSiS, addition of D as a trabz resulted in and endGH-migration to the metal is blocked.

the observation of DCF(GJz or DC(CFs)s with no increase in In summary, we have shown that the products obtained from
the amount of the corresponding protio compounds. A control reaction of [MCp(C,H,)] with perfluoroalkyl iodides depend
experiment in which ICF(C§. was photolyzed in CkOD on the nature of the perfluoroalkyl iodide. A secondary

afforded ()12Iy HCF(CE)2; photolysis is known to give to give  perfluoroalkyl iodide (ICF(CF),) reacts at a cyclopentadienyl
‘CF(CR)2, 1XVh|Ch, as expected, abstractsfrbm the weaker  ring and a tertiary one (IC(GJ) at the ethylene ligand. While
C—H bond** These results provide strong evidence that the the reasons for the different selectivity are unclear, no evidence

fluoroalkyl species being trapped ig'Rrather than R. Finally has been obtained for fluoroalkyl radicals as intermediates, and

the ratios of RD/5 and RD/7 vary linearly with [CHOD],  two positive signatures for fluorocarbanion intermediates have

indicating that the same species is respons!ble for productionpeen obtained. This represents a new type of reaction mech-

of ReD and the fluoroalkylated organometallics. _ ~anism for the transition metal promoted reactions of fluoroalkyl
A suggested mechanism is outlined in Scheme 1 in which halides that differs from any previously encountered for

initial nucleophilic attack by the metal center at the¢ iodine hydrocarbon analogues.

of Rel'® produces the fluoroalkyl anionsR and organometallic

cation8. For the secondaryCF(CFs); anion, attack at the Cp Acknowledgment. R.P.H. acknowledges support of this research

ring is observed for both Mo and W, with subsequent loss of by the National Science Foundation and the Petroleum Research Fund,

ethylene from intermediat® and migration of theendeH to administered by the American Chemical Society.

the metal. This series of steps is analogous to those observed
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kinetic control.
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