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The first transition-metal perfluoroalkyl complex, Mn(G@Fs),
was reported in 193%nd led to a flourish of activity in the field
of organometallic fluorocarbon chemistry. Today, metal;CF
complexes are known for virtually all the middle- and late-row
transition metal8.Despite persistent efforts, early transition-metal

(groups 3, 4, and 5) perfluoroalkyl complexes have remained elusive

for the last 44 years. Traditional methétlemployed to prepare
perfluoroalkyl complexes have repeatedly failed to provide early-
metal analogue3and these failures have been attributed to facile
o- andp-fluoride elimination pathways available to the early-metal
fluoroalkyl complexes to give high lattice energy metal fluorides.

Herein, we report the synthesis and characterization of the first early

transition-metal perfluoroalkyl complexes, gi(CF3)(F) (1) and
Cp:Ti(CF3)(OTf) (2; OTf = OSOCR).

To synthesize complek, MesSiCR; and CsF were added to a
THF suspension of the previously reported complexTig.® The
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withdrawing trifluoromethyl group. Thé*C{H} NMR spectrum
of 1 showed a resonance for the gffoup atd 153.1 ppm, which
is split into a quartet'Jc_r = 382.6 Hz) by the three adjacent

reaction proceeded at room temperature and was complete withinjyorine atoms and split again into double®d ¢ = 4.8 Hz) by

15 h (Scheme 1). Ruppert's reagent, S8R, has been used
extensively to trifluoromethylate organic compoufidslore re-
cently, two cases have been reported in which;$1€F; was
successfully employed to transfer £Broups to late transition
metals’ Our work establishes a synthetic methodology for the
delivery of CF; groups to early-metal fluoride systems and illustrates
that, under the proper reaction conditions sBI€F; is an effective
reagent for the preparation of titaniurtrifluoromethyl complexes.
Complex1 was isolated in 60% yield as a bright yellow powder.
In the solid statel is unaffected by brief exposure to air; however,

the fluoride bound to titanium. A singlet corresponding to the Cp
groups appears at 117.4 ppm.

Solid-state IR studies of complek showed CG-F stretching
frequencies in the range of 980080 cn1?, which are typical of
CR; ligands attached to transition metéldn general, these
frequencies are approximately 100 thiower than the correspond-
ing C—F stretching frequencies for GlFindicating a weaker €F
bond in the metal complek.

The identity of complexi as a titanium(lV) perfluoromethyl
fluoride complex was unambiguously ascertained by a single-crystal

the complex is thermally sensitive, and degradation begins after X-ray diffraction study (Figure 1)° The molecular structure df
15 min at room temperature, whether under inert or aerobic reveals a typical bent-metallocene framework with a pseudotetra-

conditions. As a solid, complekcan be stored indefinitely at30
°C. Dissolved in THF,1 is stable for several weeks at room

hedral coordination environment about the titanium metal center.
The trifluoromethyl and fluoride ligands lie within the metallocene

temperature. In benzene or toluene solutions, slight decompositionwedge. The TF bond distance of 1.831(2) A is in agreement with
was observed after 2 days, and in halogenated solvents such ashe average FiF bond distances (1.83 A) reported for similar

dichloromethane or chloroform, decomposition occurred after

titanium difluoride complexes: Comparisons for the metrical

several hours at room temperature to form intractable black solids. parameters of the FiCF; moiety can only be made to known
Brief exposure to air or the presence of small amounts of water middle- and late-row transition-metal trifluoromethyl complexes.
did not accelerate the decomposition rate. These combined observapetal-carbon distances in middle and late transition-metal fluo-

tions suggested that the titanium center in complegould be

roalkyl compounds are significantly shorter than those in hydro-

stabilized in these solvents by the addition of Lewis bases such ascarbon analoguesin marked contrast, the FC bond distance

THF, pyridine, or (dimethylamino)pyridine (DMAP). Indeed,
addition of 1 equiv of DMAP to a dichloromethane solutionlof
resulted in no evidence of decomposition for 2 days at room
temperature.

The 'H NMR spectrum of complexl in THF-dg revealed a
resonance for the equivalent Cp ringsoa6.40 ppm (d 23—y =
1.0 Hz). Two resonances were observed in e NMR spec-
trum: a singlet ad 206.3 ppm, corresponding to the fluoride ligand,
and another singlet @t —24.0 ppm for the Cfgroup (referenced
to CFCk ato 0.00 ppm). The chemical shift of the fluoride ligand
of 1is significantly downfield from the fluoride resonances of other
titanium—fluoride compounds (e.g. GpiF, exhibits a®F NMR
resonance at 87.7 ppm) due to the presence of the highly electron-
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(2.221(3) A) in complext is substantially longer than the ¥C
bond lengths (1.9882.181 A)?2 reported for related FiCHs
systems. For the trifluoromethyl group in compléxthe average
C—F bond length (1.366(3) A) and the averageG—F bond angle
(102.7(2)) are quite similar to values found in known middle- and
late-row transition-metal GFeomplexes that are thermally staBte.
Although direct quantitative comparisons are difficult, these
observations are somewhat surprising as comfleisplays low
thermal stability. Of note is the absence ofeaffluoride interaction
(Ti---F—CF,) between the electrophilic titanium(IV) metal center
and any of the €F bonds in the trifluoromethyl group, as
evidenced in the X-ray crystal structure. In addition, variable-
temperature NMR spectroscopic studie80— +40°C) of 1 also
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Figure 1. Molecular structure ofl with thermal ellipsoids at the 25%
probability level. Selected bond distances (A) and angles (deg): -Ti(1)
F(4) 1.831(2); Ti(1}-C(11) 2.221(3); C(1BF(1) 1.362(3); C(1L}F(2)
1.365(4); C(11)-F(3) 1.370(3); F(4) Ti(1)—C(11) 89.35(9); Ti(1} C(11)-
F(1): 118.4(2); Ti(1)}C(11)-F(2): 114.0(2); Ti(1}C(11)-F(3): 114.5-
(2); F(A-C11)}-F(2): 103.7(2); F(1yC(11)-F(3): 102.3(2); F(2r
C(11)-F(3): 102.0(2).

Figure 2. Molecular structure oR with thermal ellipsoids at the 25%
probability level. Selected bond distances (A) and angles (deg): -Ti(1)
O(1) 1.985(4); Ti(1)}-C(1) 2.222(5); C(1)}F(1) 1.367(6); C(1}F(2) 1.362-
(4); C(1)-F(2A) 1.362(4); O(1)yTi(1)—C(1) 88.3(2); Ti(1)-C(1)—F(1):
117.2(3); Ti(Ly-C(1)—F(2): 114.2(2); Ti(1}C(1)-F(2A): 114.2(2); F(1}
C(1)-F(2): 103.3(3); F(1)}C(1)-F(2A): 103.3(3); F(2)}C(1)-F(2A):
102.8(4).

precludeo-fluoride interactions in solution as no change in the CF
19 NMR shift or 1Jc_r was observed.

The reaction chemistry of complek was surveyed using a
variety of substrates. The FiCF; linkage is remarkably robust;
complex 1 displays no reaction chemistry (even under elevated
temperatures) with nucleophiles such as acetonitele;butyliso-
cyanide, carbon monoxide, triphenylphosphine, trimethyl phosphite,
or benzophenone. However, reaction of comdevith the methide-
abstracting agent B¢Es); resulted in the immediate formation of
intractable products.

Complex1 was successfully converted to the trifluoromethyl
triflate 2 using MeSiOTf. Addition of 1 equiv of MgSIOTf to a
benzene solution df in the presence of pyridine led to formation
of the pyridine-stabilized complex, [GPi(CF3)(OTf)-(pyridine)]
(2-py; Scheme 1), which was characterized by NMR spectroscopy.

Without the presence of a Lewis base, rapid decomposition occurred

to form intractable solids. Addition of other electron-donating
substrates such as DMAP, THF, or triphenylphosphine also served
to stabilize CpTi(CFs)(OTf), but were less effective than pyridine.
Layering a toluene solution o2-py with hexanes at-30 °C
afforded orange-red X-ray quality crystals of compin 70%
yield. A single-crystal X-ray diffraction study allowed assignment
of the molecular structure of these crystals asT@CFs3)(OTf) (2),
with triflate coordinating to the Ti center in a monodentate fashion
(Figure 2)10 Surprisingly, no pyridine or other solvent molecules
were detected in the crystal lattice. Compjs isostructural to
complex1. The T—CF; bond distance of 2.222(5) A is identical
to the Ti-CF; bond distance in complek The C-F bond lengths

and the —C—F bond angles are also similar l,and2. As in the
case ofl, no a-fluoride interaction is observed ia between the
electropositive titanium(1VV) metal center and any of theFbonds.

In the solid state? is stable at room temperature for several
hours. However, even brief exposure to air or moisture results in
degradation. IR spectroscopic studies showed two distinct bands
at 1082 and 1069 cm, corresponding to €F stretching frequen-
cies of the trifluoromethyl group attached to titanium. When crystals
of 2 were dissolved in benzene or toluene, decomposition occurred
at room temperature within a few seconds. However, when 1 equiv
of pyridine was added to the solvent before dissolutior2,ahe
complex was again stable for several hours, and NMR spectroscopy
identified the species in solution a9y. In addition to the singlet
observed ad 6.76 ppm for the Cp rings in théd NMR spectrum,
the®F NMR spectrum o (in THF-dg) showed a singlet at —25.6
ppm, corresponding to the FiCF; group and a singlet at —80.0
ppm for the triflate ligand. Thé*C{*H} NMR spectrum exhibited
a quartet aty 151.8 ppm ¥Jc—r = 382.9 Hz), corresponding to
Ti—CFs. Additional resonances were observeddal20.7 ppm
(singlet) for the Cp rings and @120.2 (g, Jc—r = 317.3 Hz) for
the triflate.

In summary, we have demonstrated that stable early transition-
metal perfluoroalkyl complexes can indeed be prepared. This work
establishes new synthetic methodology for the delivery of CF
groups to early-metal fluoride systems and suggests that a variety
of early transition-metal perfluoroalkyl complexes will be accessible
using other MgSi—R reagents (R= fluoroalkyl). We anticipate
that these novel perfluoroalkyl complexes will serve as useful
platforms for the development of presently unknown catalytic
systems capable of effecting fluorocarbon metathesis and polym-
erization.
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