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plex transformation are lacking at this time, but it is
conceivable that the Si-O bond is formed via oxidative
addition of an H-SiHPh, bond, followed by Si~O reductive
elimination to produce Ph,SiHOMe as an intermediate.!*
Cleavage of an SiPh bond has fewer precedents in stoi-
chiometric processes!® but is observed in transition-
metal-catalyzed reactions that redistribute groups on
silicon.’® The key Si~C bond cleavage step could occur
via oxidative addition of the Si~C bond or by a-migration
of the Ph group from silicon to ruthenium.

Addition of CyMeSiH, (Cy = cyclohexyl) to [Cp*Ru(u-
OMe)], results in formation of a new complex, isolated as
orange crystals from pentane, that does not possess
methoxy groups. The elemental analysis and NMR spectra
are consistent with a stoichiometry of Cp*Ru(SiMeCy),H,,
and the mass spectrum contains a parent ion peak ([M]*
= 730) which indicates that the compound is dimeric. A
vrui Stretching frequency at 2050 cm™ in the infrared
spectrum can be assigned to a terminal Ru-H bond. The
8i{'H} NMR DEPT spectrum contains a single peak at
6 115.17, which is at relatively low field but considerably
upfield of the resonance for silylene-bridged {[(»°-
CsMe;)Ru]o(u-SiPhOMe)(u-OMe) (u-H)}. A highly sym-
metric structure is suggested by the room temperature ‘H
NMR spectrum, which displays single sets of resonances
for the Cp*, SiMeCy, and hydride ligands. However, the
very broad single peak at § —14.1 for the hydride ligands
can be attributed to stereochemical nonrigidity at room
temperature. Cooling a toluene-dg solution of the complex
resulted in decoalescence of the hydride resonances at ca.
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1984, 2063.
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-15 °C, and the 'H NMR spectrum at -70 °C contains two
resonances for the Cp* ligands, and three singlets in the
hydride region (6 —-12.94, —13.81, and ~15.81) in a 1:2:1 ratio.
The above data are all consistent with the structure shown
in eq 3. Also, the NMR spectra for this compound are
remarkably similar to the analogous complex {{Cp*Ru(u-
72-H-SiEt,)],(u-H) (H)}, which was recently characterized
by X-ray diffraction.
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The above reactions show that the electron-deficient
ruthenium methoxide [Cp*Ru(u-OMe)], can serve as a
useful starting material for the synthesis of dinuclear ru-
thenium-silicon compounds. Furthermore, the facile
transfer of an alkoxy group from ruthenium to silicon is
demonstrated. Related alkoxy-transfer reactions with
mononuclear complexes have been reported. For example,
silanes HSiR; react with trans-(PR’;),(CO)IrOR” (R’ =
Me, Ph) to give R;SiOR” and (PR’5),(CO)IrH,(SiRy).!"
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Summary: A convenient synthesis of the easily handled,
crystalline oxonium acid [(3,5<CF;),C¢H,),B][H(OEL,),]*
(1) is described. The utility of this reagent for generation
and stabillization of highly electrophilic cationic transition-
metal complexes through protonation reactions is illus-
trated by the preparation of stable, ether-free salts of
[CsMeg(P(OMe)3)CoCH,CH,(u-H)] * [(3,5~(CF;),CeH3)B]~
from C;Me,(P(OMe),)Co(C,H,). The incorporation of the
noncoordinating counterion [(3,5<CF3),C¢H3),B]- in or-
ganometallic salts has several advantages relative to
[BF,]- and [PF,]-, Including high stability and solubility in
relatively nonpolar organic solvents.

I. Introduction

The lack of reactivity and non-nucleophilic character of
{BF,]” and [PF¢]” have led to their widespread use as
noncoordinating (or weakly coordinating)'# counterions
supporting cationic organometallic complexes. With the

(1) For examples of coordinated [BF,] and [PF,]~ see: (a) Honey-
chuck, R. V,; Hersh, W. H. Inorg. Chem. 1989, 28, 2869. (b) Honeychuck,
R. V.; Hersh, W. H. J. Am. Chem. Soc. 1989, 111, 6056. (c) Beck, W.;
Sunkel, K. Chem. Rev. 1988, 88, 1405,

(2) For descriptions of other noncoordinating counterions see: (a)
Shelley, K.; Reed, C. A.; Lee, Y. J.; Scheidt, W. R. J. Am. Chem. Soc.
1986, 108, 3117. (b) Noirot, M. D.; Anderson, O. P.; Strauss, S. H. Inorg.
Chem. 1987, 26, 2216 and references therein.
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generation of sufficiently electrophilic complexes, however,
the limitations of [BF,]” and [PFg]™ as nonreactive entities
are encountered.>¢ Jordan, for example, has reported the
deactivation of the highly reactive d° [Cp,Zr(CH,)]*
ethylene polymerization catalyst by F- abstraction from
the PFg” counterion. To circumvent this problem, [BPh,]"
was used as a counterion, resulting in a longer lived cat-
alyst.

The susceptibility of tetraarylborates to attack by
electrophilic transition-metal complexes has, however, been
documented. Hlatky and Turner have isolated a zirco-
nocene tetraarylborate zwitterion derived from attack at
the aryl ring by an electrophilic Zr(IV) center.® When the
non-nucleophilic [B(C¢F;),]™ anion® was used, zwitterion
formation as well as aryl transfer to the metal center was
avoided. Preparation of zirconium and hafnium alkyl
cations [(C;Rs),MCH,]*[B(C¢F;),]” was achieved by pro-
tonolysis of (C5R5)2M(CH_?)2 with the trialkylammonium
salt [HNBug]*[B(CgFs),]~." Marks has reported a similar
preparation of [Cp*, ThCH,]*[B(C¢F;),]-, a highly active
olefin polymerization and hydrogenation catalyst, by re-
action of [HNBug]*[B(C¢Fs),]~ with Cp*;Th(CHj;),.%®

In 1984, Kobayashi and co-workers!® reported the syn-
thesis of the tetraarylborate [(3,5-(CF;).CcH;) Bl™ (BAr',)
as its sodium salt. They found that, unlike [BPh,]", which
is susceptible to protonolysis by H,SO,, the presence of
the electron-withdrawing CF; groups rendered [BAr/,]~
virtually inert toward degradation by H,SO,. Moreover,
NaBAr/, was found to be resistant to a variety of oxidants
and extremely lipophilic.

The chemical stability and high solubility of NaBAr/,
led us to consider using [BAr’,]” as the counterion for
stabilizing cationic electrophilic metal alkyl complexes of
the late metals whose catalytic properties we have recently
been investigating. A common route for generating such
species involves protonolysis of a dialkyl complex or pro-
tonation of a neutral olefin complex. In this regard, the
aforementioned trialkylammonium salts have limitations
in that they are not sufficiently acidic to effect these re-
actions, particularly in the late-metal systems. Thus, we
sought a system which would function as a much stronger
Brensted acid.

In this note we report a convenient synthesis of [H-
(OEty),]*[BAr,]” and illustrate its utility in the generation
and stabilization of the highly electrophilic, catalytically
actirtzlf?balt complex [C;Me;(P(OMe)s)CoCH,CH,(u-
H)]*.1
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(11) (a) Part of this work, including an abbreviated synthesis of 1, was
reported at the 201st Meeting of the American Chemical Society, Atlanta,
GA, April 1991: Brookhart, M.; Volpe, A. F., Jr.; DeSimone, J.; Lamanna,
W. M. Polym. Prepr. (Am. Chem. Soc., Div. Polym. Chem.) 1991, 32, 461.
(b) Following submission of this manuscript, synthesis of 1 using a similar
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II. Results and Discussion

A. Preparation of [H(OEt,),]*[BAr’,]". Taking ad-
vantage of the high solubility of NaBAr/, in ether, {H-
(OEty),]*[BAr/,]” (1) can be prepared in a straightforward
manner. Exposure of ether solutions of NaBAr’, to HCl
results in the precipitation of NaCl and the generation of
[HOEt,}*[BAr’,]. Upon workup, 1 is isolated as an ana-
lytically pure, white crystalline solid whose 'H NMR
spectrum and combustion analysis indicated that 1 crys-
tallizes as a dietherate. 1 is very soluble in polar organic
solvents (chlorinated hydrocarbons, acetonitrile, ethers)
but insoluble in nonpolar solvents. 1 is hygroscopic but,
if stored under an inert atmosphere at —20 °C, is stable
indefinitely. Solutions of 1, however, decompose slowly
(t1/2 =ca.20hin CDgClz), glving BAI"3 and m'CsHa(CFa)z.
Thus, while the [BAr/,]” ion is resistant to degradation by
H,SO,, it is susceptible to protonolysis by the stronger
oxonium acid; for this reason solutions of 1 should not be
kept at ambient temperatures for prolonged periods of
time.

The properties of 1 make it a conveniently handled
reagent, especially when compared to HBFEt,0. Its
crystallinity and high molecular weight allow for accurate
weighing of relatively small molar amounts. This plus the
high solubility of both 1 and salts derived from 1 make it
ideally suited for the generation and variable-temperature
NMR study of reactive species resulting from protonation
or protonolysis.

B. Preparation of [C;Me;(P(OMe);)CoCH,CH,(u-
H)]*[BAr’,I". The highly electrophilic Co(IlI) complex
[C:Mes(P(OMe)s) CoOCH,CH,(u-H)1* ({2]*) has been shown
to catalyze the polymerization of ethylene in a living
fashion, but the instability of its [BF,]™ salt limits its
utility. In order to assess the role that the anion plays in
the stabilization of these complexes, [2]*[BAr']- was
prepared and compared to its [BF,]™ analogue.

The syntheses of [2]*[BF,]” and [2]*[BAr’,]~ follow
analogous protonations of the neutral ethylene complex
3. As expected, variable-temperature NMR spectra of
[2)*[BAr’,]” indicated fluxional behavior identical with that
of [2]*[BF,]".15
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Whereas [2])*[BF,] has resisted all attempts of isolation
as a stable salt, [2]*[BAr’,]~ can be obtained as an ana-
lytically pure crystalline solid that can be kept indefinitely
under an inert atmosphere. Manipulations involving
[2]*[BAr’',]- are thus more convenient than those with its
[BF,] analogue. Higher solubility and pure (ether-free)
form are advantages [2]*[BAr’,]- holds over [2]*[BF,]-,
especially for the purposes of NMR studies.

The relative stabilities of [2]*[BF,]” and [2]*[BAr,]" in
CD,Cl, solution have been monitored by 'H NMR spec-
troscopy. While [21*[BF,]- decomposes rapidly at 25 °C
(t1/2 < 30 min), [2]*[BAr’,]” exhibits much greater stability

(13) Caution! It has been reported that the solid lithium salt Li(Cq-
H,(CF;),) decomposes explosively: Theopold, K. Personal communica-
tion.

(14) Hofmann, L.; Werner, H. J. Organomet. Chem. 1985, 289, 141.

(15) (a) Brookhart, M.; Lincoln, D. M.; Volpe, A. F., Jr.; Schmidt, G.
F. Organometallics 1989, 8, 1212. (b) Brookhart, M.; Volpe, A. F., Jr.;
Lincoln, D. M.; Horvith, I. T.; Millar, J. M. J. Am. Chem. Soc. 1990, 112,
5634. (c) Schmidt, G. F.; Brookhart, M. J. Am. Chem. Soc. 1985, 107,
1443.
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with ¢, = ca. 7 days. The decomposition products of
[2]*[BAr,}” have not all been identified. However, un-
changed aromatic signals of the [BAr’/,]” ion along with the
appearance of CHD,Cl (6 2.90 ppm, quintet, Jyp = 1.7 Hz)
implicate chloride abstraction from the solvent rather than
the involvement of [BAr/,])- in the decomposition of
[2]*[BAr]". Accordingly, [2]*[BAr’,]” persists even longer
in the less reactive solvent C;DsCl, with ¢,,, = ca. 30 days
at 25 °C.

The greatly enhanced stability of [2]*[BAr’,]” relative
to its [BF ]~ analogue has allowed much broader use of this
system in catalysis. Specifically, [2]*[BAr’,]” can now be
used to catalyze the living polymerization of ethylene to
prepare polyethylene with narrow molecular weight dis-
tributions (M,,/M, = 1.17-1.34) with molecular weights
in the range of 13 000-35 000. Other processes catalyzed
by [2]*[BAr/,], including the oligomerization of a-olefins
and olefin hydrogenation and hydrolsilation, have also been
facilitated by the enhanced catalyst stability and are
currently being investigated.

III. Experimental Section

General Considerations. All manipulations were carried out
under an atmosphere of dry, deoxygenated N, using standard
Schlenk techniques or in a Vacuum Atmospheres drybozx, using
flame-dried glassware, unless otherwise indicated. Diethyl ether
and hexane were distilled from sodium benzophenone ketyl im-
mediately prior to use. Methylene chloride was distilled over P,O;.
NMR solvents (CD,Cl,, CsDsCl) were subjected to three freeze—
pump—-thaw cycles and stored over 4-A molecular sieves under
a nitrogen atmosphere. 3,5-Bis(trifluoromethyl)bromobenzene
was purchased from Aldrich and used as received. NMR spectra
were recorded on either a Varian XL-400 or Bruker WM-200
spectrometer. Elemental analyses were performed by Oneida
Research Services, Whitesoboro, NY.

[Nal*[[3,5-(CF,),CeH,1,B] (NaBAr’,). A modification of
the procedure reported by Kobayashi!® was used. Slow (ca. 2 h)
addition of a solution of 50 g (0.17 mol) of 3,5-bis(trifluoro-
methyl)bromobenzene in Et,0 (250 mL) to Mg turnings (5.1 g,
0.21 mol) in Et,0 (150 mL), followed by refluxing for 30 min, gave
a dark gray solution of the aryl Grignard reagent.!* Upon addition
of NaBF, (3.4 g, 0.03 mol), the heterogeneous reaction mixture
was stirred for 48 h, during which time the solution became brown
and a fine precipitate formed. (Workup of the reaction mixture
did not involve air-free procedures). The reaction mixture was
added to Na,COj; (75 g) in water (1 L), stirred for 20 min, and
then filtered. Separation and extraction of the aqueous layer with
Et,0 (4 X 200 mL) and combining of the Et,O fractions gave a
clear brown solution, which was dried over Na,SO, and treated
with decolorizing charcoal. The solution was then filtered, and
the solvent was removed under reduced pressure. Prolonged
drying under vacuum gives a tan solid (26.4 g, 70%). Washing
the crude product with small amounts of cold methylene chloride
or chloroform removes traces of colored impurities.

[H(Et,0),]*([3,5-(CF;),C¢H;],B] (1). NaBAr, (3.00 g, 3.39
mmol) was dissolved in 75 mL of Et,0 and the solution allowed
to stand for 12 h over 4-A molecular sieves. A 230-mL Schlenk
flask fitted with a rubber septum was filled with HCI (g) (6.31

Notes

mmol). The NaBAr', solution was then added to the flask con-
taining the HCI through the septum via a syringe. (Note: at this
and subsequent stages of the procedure, it is recommended to
keep solutions of [H(Et,0),]*[BAr/,]- cold; see Results and
Discussion.) The reaction flask was then opened to a N; atmo-
sphere and allowed to stand at 0 °C while the NaCl precipitate
settled. The clear solution was then decanted via a cannula to
a separate flask, as were Et,O washings of the precipitate (2 X
20 mL). The solution was then concentrated to ca. 10 mL and
chilled to -78 °C, at which point white crystals of [H-
(Et;0),]*[BAr,]- began to form. After this mixture stood for 1
h, hexane (20 mL) was slowly added to further precipitate [H-
(Et,0),]*[BAr]~. The supernatant was decanted, and residual
solvent was evaporated under reduced pressure to give [H-
(Et,0),]*[BAr’,]” as white crystals (2.85 g, 84%). 'H NMR
(CD,Cly): é11.1 (v br, 1 H Et,0H), 7.70 (br, 8 H, 0-H), 7.55 (br,
4 H, p-H), 3.85 (br, 8 H, CH,), 1.32 (t, 12 H, CH,). 3C NMR
(CD.Cly): 8162.0 (q, J5c = 50 Hz, i-C), 135.2 (d, Joy = 163 Hz,
0-C), 129.0 (q, Jor = 47 Hz, m-C), 125.0 (q, Jcy = 272 Hz, CF,),
117.5 (d, Jcx = 163 Hz, p-C). Anal. Caled for C,0HyO,BFy: C,
47.45; H, 3.29. Found: C, 47.72; H, 3.68.
[CsMey(P(OMe)y)CoCH,CH,(x-H)*[BAr' ] ([2]*[BAr/,J).
CsMe;(P(OMe);)Co(C,H,) was prepared by following published
procedures.’* A Schlenk flask was charged with CyMe;(P-
(OMe);3)Co(C,H,) (244 mg, 0.705 mmol) and {H(Et,0),}*[BAr,]
(651 mg, 0.641 mmol, 0.9 equiv). CH,Cl, (2 mL) was added at
room temperature, and the flask was gently swirled for 1 min to
ensure complete dissolution of the reagents. The resultant deep
red solution was then chilled to -78 °C, at which point crystals
of {2)*[BAr/,]” began to form. Slow addition of hexane (10 mL)
over the course of 2 h resulted in near-complete precipitation of
[2]*[BAr/,)". The supernatant was decanted via cannula, and the
product was washed with hexane (2 X 5 mL) to remove traces
of unreacted CsMes(P(OMe)3)Co(C,H,). The product was dried
under vacuum to give [2]*[BAr’/,]” as a brick-red, ether-free
crystalline solid (722 mg, 93%). Variable-temperature *H and
13C NMR spectra of [2]*{BAr’,]” were identical with those of
[2]*{BF,).'* Anal. Caled for C,;H,,0;BCoF,P: C, 46.63; H, 3.41.
Found: C, 46.45; H, 3.38. Half-life determinations were performed
by dissolving 20 mg of 1 or [2]*[BAr’,]” in 0.9 mL of CD,Cl, (or
C¢D;Cl) in a 5-mm NMR tube equipped with a side arm, cooling
the solution to -78 °C, and flame-sealing the tube under vacuum.
Samples were kept in the dark at 25 °C, and 'H NMR spectra
were recorded periodically. The decomposition of 1 was monitored
by the decay of aromatic signals from [BAr’,]- using Et,0 signals
as an internal standard. The formation of m-CgH;(CF3), as a
decomposition product of 1 was verified by comparison with the
'H NMR spectrum of an authentic sample. Half-lives of [2]*-
[BAr' ]~ were estimated by integrating the P(OMe); signal from
[2]*{BAr/,]" as a fraction of total (OMe), signals. [2]*[BF,]” was
generated in situ at 25 °C; a 'H NMR spectrum recorded 30 min
later indicated nearly complete decomposition of {2}*[BF,]".
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