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While the subject of Cfas a ligand on the later transition
metals is a mature orlaye report here new observations which

expand current understanding and demonstrate new reactivity.
In particular, we demonstrate rapid cleavage and reformation

of C—F bonds and the first use of NM&CF; to make a transition
metal/carbon bond.
The reagent MgSiCR2 represents a new and very effective
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which would exist in RuUH(CEJ(CO)L,, which is devoid ofr
donor ligands, is unfavorable, andF migration occurg. This

is the first dihalocarbene complex synthesis in which a full
accounting of reaction stoichiometry is establishell.is also

the simplest example (one step) and occurs under the mildest
conditions yet observed.

Consistent with earlier work,this CFR, ligand is readily
transformed to CO (and 2 HF) by water. Fluoride abstraction,
using MgSIiOTf (OTf= O3SCR;) (5 min, toluene, 25C) leads
to a remarkable rearrangement in which coordinated hydride
migrates to the carbene ligand to form £F(eq 2). This
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L
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way to introduce a fluorocarbon ligand. Crucial to success is product has a higher (1944 ci) CO stretching frequency than

the synthesis of RUHF(CO)(L = PBu,Me) from RuHCI-
(CO)L, and anhydrous CsF in acetone (5 12 h)* Fluoride
abstraction (eq 2)occurs at 1:1 reactant stoichiometry rapidly
and cleanly (25C, 0.5 h, THF) to give a quantitative yield of
MesSiF (identified by!H and1°F NMR) and a six-coordinate
product wheren-F migration has occurred from the proposed
intermediate RUH(Cf(CO)L,.6 The hydride signal (¢Ds, at
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25 °C) is a triplet of triplets of doublets at3 ppm due to
coupling to3P @Jyp = 23 Hz), to equivalent F in GF;ur =

51 Hz), and to RuF (BJur = 7.5 Hz). The3P{H} NMR
spectrum is a doublet of triplets, and tHE NMR spectrum
shows a broad line for the Ggroup at 25°C which decoalesces
below —60 °C into an AMX pattern (X= H on Ru; coupling

to the Ru-F is unresolved). The RuF bond thus lies in the
plane of the CF group in the ground state structure, which
avoids competition with CO for back bonding and also gets
maximumzr donation (lowest energy,drbital). Nevertheless,
the 1°F NMR spectrum shows that the €§roup rotates at 25
°C. The3C{1H} NMR spectrum at 25C shows the carbonyl
carbon as a doubleJcryr = 70 Hz) of triplets and the GF
carbon as an apparent tripletlde = 498 Hz). The CO
stretching frequency is quite high (1937 thto be compared
to 1892 cmi! in RuH(F)(CO)Ly) which can be interpreted either
that CR, is a very strongr acid (e.g., stronger than C©j that
this is a Ru(IV) complex of dianonic GF; both are closely
similar in underlying meaning (e.g., low electron density on
Ru).

its precursor, indicating that OTf (as well as £¥ is a very
weak donor. Proton and®C NMR spectroscopy are most
persuasive that a GR group has been formed: the hydrogen
shows a triplet3Jur = 60 Hz) of triplets ¢Jpy = 3 Hz) at 7.7
ppm, and the C§H carbon also shows a triplet of triplet&¢r
= 309 Hz and?Jcp = 7 Hz) in the3C{*H} NMR spectrum.
This complex is not stable at room temperature in solid state or
in solution. It decomposes in toluene within hours to formfHP
Bu,Me][OTf] and other unidentified species. This indicates that
the hydrogen in C§H is acidic. However, attempts to depro-
tonate this complex using NEbr LiN(SiMe3),-OE, failed to
give the anticipated four-coordinate complex RWQEO)L,.%10
RUHF(CR)(CO)L; is long-lived in benzene>48 h) at 25
°C. However, in THF at 25C, it rearranges witli 5 h to
RUF(CRH)(CO)L, (eq 3)1! The migrated H shows a large (59
Hz) 2J4r value. Thewco value is now low (1917 cmi),
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consistent with goodr donation from fluoridetrans to a
carbonyl. The CHFligand is thus at the apical position in a
square pyramid. Thé&®F NMR spectrum shows a doublet of
triplets of doublets Jng = 59 Hz;3Jpr = 17 Hz; 33 = 6.3

Hz) for CRH at —52 ppm and a broad triplet at236 ppm
(3Jpr = 20 Hz) for F on Ru. Why is this RuH(GF — Ru-
(CHF,) rearrangement so solvent-dependent? Does its rapid
occurrence in eq 2, with the weak triflate ligand, implicate
dissociation of anionic ligand from Ru in eq 3? We propose
that the reaction is not instantaneous because hydrittaris

In either case, it is clear that eq 1 transforms an to Ck and thus blocked from rapid 1,2-H migration. Itis likely

(operationally) unsaturated species into an 18-electron moleculethat the rearrangement goes by a dissociative mechanism, and

via C—F cleavage. One implication is that the unsaturation

hydrogen migration is rapid in the five-coordinate intermediate.
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The dissociating ligand could be CO oiBB,Me or F, and
THF could then act by lightly stabilizing RUHF(GJE 2, RUHF-
(CR)(CO)L or RUH(CR)(CO)L,", respectively. To test for rate
suppression in a CO dissociation mechanism, we have stirred
RUHF(CR)(CO)L; in THF at 25°C with 95%3CO and find
immediateadductformation, but with combination of F and
CRinto a CRligand (). While this new reaction isonsistent

OC——Ri—CF;

4
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with a fluoride dissociation mechanism, where “naked” F
attacks an electrophilic GFearbon in a cationic intermediate
RUH(CR)(CO)L", the slow rearrangement reaction in benzene
is not accelerated by added hydrogen bond donor indole (0.2
equiv)!? and thus, fluoride dissociation seems less likely. On
the other hand, in the presence of equimolar-addBd,Rle in
THF, the rearrangement in eq 3 is completely halted (over 24
h), which supports Bu,Me as the dissociating ligand. The
implied intermediate is thus RUHF(@FCO)L.

The surprising observation that CO reacts with RUHFRJCF
(CO)L, within time of mixing in benzene led us to suspect there
is an equilibrium between RUHF(GFCO)L, and RuH(CR)-
(CO)L,. Evidence crucial to this was established with a search
for spin saturation transfer (SST) from the Ldroup to the
RuF group of RUHF(CH(CO)L,. Indeed, at 73C in toluene-
dg, %F NMR experiments show that preirradiation (saturation)
of the Ck, group causes loss of intensity of the fluoride bound
directly to Ru (Figure 1). At room temperature, no spin
saturation transfer effect is observed. SiA# NMR of the
productl reveals production of only the isotopomer wiicO
transto the hydride, this is consistent with the geometry of the

(12) Wessel, J.; Lee, J. C., Jr.; Peris, E.; Yap, G. P. A;; Fortin, J. B;
Ricci, J. S.; Sini, G.; Albinati, A.; Koetzle, T. F.; Eisenstein, O.; Rheingold,
A. L.; Crabtree, R. HAngew. Chem., Int. Ed. Engl995 34, 2507.

Communications to the Editor

irvadiate

................

-361 -364 ppm

Figure 1. *F NMR of RUHF(CFR)(CO)L; (tolueneds, 75 °C, 378
MHz): A, irradiation off; B, irradiation on.

five-coordinate intermediate being a square-based pyramid with
hydride at the apical site. The SST is thus explained by eq 4,
where product stereochemistry {fansto CO) is influenced

by CO acting as a directing ligand: thedonor ligand F is
favoredtransto CO.
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Taking advantage of the strong-St+ bond energy (142 kcal
mol~1), reaction of MgSiCF; with a transition metal fluoride
complex can be a simple method to generate, GF CR;
complexes, which otherwise may be difficult to synthesize. The
thermodynamic preferences and kinetic lability of-Reuand
C—F bonds is both remarkable and worth exploiting.
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