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Metal silylene complexes have been proposed as intermediatesScheme 1
in numerous catalytic reactioAsWhile several routes to MSi
complexes have been establisRelde direct generation of silylenes 0.5 Manz(THF)z

from silanes (by oxidative addition of SH, followed by 1,2- T G RT Os : CsHs )

Os
’PraP/ \'CHzPh

hydrogen migration to the metal) appears to be crucial to their prep” prp”” 0 7

involvement in catalytic reactior®§ We recently reported evidence )

for a new hydrosilation mechanism catalyzed by the cationic ruthe- HaSiRleHs HéS;‘Rl -toluene trip = 2,4,6-Prg-CH,
nium silylene complex [Cp*PrP)(H)RU=SIHPhELO][B(CeFs)].3 dmp = 2,6-Mes,-CeHg
The proposed pathway involves activation of twe-8i bonds to olefins

form a hydrogen-substituted silylene complex, followed by direct 0.5 MgBny(THF), ﬁ -""‘V"es No Reaction
addition of an spSi—H bond to the alkene, H-migration from the P/l SiH,R o‘g';,;";,z or, P““ \s,,n

metal center, and finally, reductive elimination of the hydrosilation

product. To further our mechanistic understanding of this catalysis, R= ‘"P (6)' d"‘P @ R = trip (4)' d""’ ®)

and to explore the influence of electronic charge on reactivity of adopt an approximately cis geometry with a HOs—Si—H(2)
the Si-H group, neutral osmium silylene complexes were targeted. yinedral angle of 53.2(8)

The pathway to neutral osmium silylene complexes is outlined  pq reported previously, the cationic analogue of4
in Scheme 1 The 16-electron complex Cpt{P)OsBr () reacted [Cp*(IPrsP) (H)Os=SiH(trip)][B(CsFs)4] (8), rapidly reacts with
with 0.5 equiv of Mg(CHPh)(THF), to cleanly generate the corres-  gikenes at-78 °C via insertion into the SiH bond. This reaction
ponding benzyl species CpP(zP)OsCHPh @). Complex2 is ther- appears to model a key step in the catalytic hydrosilation of alkenes
mally unstable, and definitive NMR assignments could not be ob- by [Cp*(PrP)(H),RU=SiHPh]". To probe the mechanism of this
tained due to fluxional behavior in solution. Thus, additional evi- ansformation. the kinetic isotope effect (KIE) was determined
dence for the identity o2 was obtained by its conversion to the 18- by a competi,tion experiment involving reaction & and
electron CO addu@ (vco = 1883 cm) in 42% yield. The'H NMR [Cp*(PrP)(D)0s=SiD(trip)][B(CeFs)4] (8-ds) with 0.5 equiv of
spectrum of3 is consistent with the presence of gihbenzyl group. 1-hexene. This experiment established an inverse KIEtf =

Compounc readily activates the SiH bonds of silanes. Treat-  ( g(1), which indicates significant 3p~ sp hybridization at silicon
ment of a toluene solution &with sterically encumbered MesSH  §yring approach to the transition state for insertion into thetSi

(Mes= mesityl) afforded 1 equiv of toluene and tbegho-methyl- bond?
activated silyl complex Cp#PrsP)(H)OSCHCsH.(SiH,)Me; in 84% Interestingly, the neutral silylene compléxs much less reactive

yield as identified byH, 13C, 2°Sj, and3!P NMR and IR spectros-  than8 toward olefins. Thus, no reactions were observed between
copy. More sterically demanding primary silanes were used to bias 4 and ethylene, 1-hexene, cyclohexene, and 2-butene over the course
the formation of silylene complexes over-@ activation. Reaction ~ ©f 120 h atroom temperature in benzedetpon heating a toluene-

of 2 with tripSiH; (trip = 2,4,61Pr-CeH,) led to exclusive formation s Solution of 4 and 1-hexene to 80C, 4 was observed to

of the desired primary silylene complex CiP%P)(H)Os=SiH(trip) decompose after 72 h, with no consumption of the alkene. This
(4), which was isolated as analytically pure orange crystals in 69% dramatic difference in reactivity betweeh and its protonated
yield. Similarily, reaction of2 with dmpSiH; (dmp = 2,6-Mes- analogue3 prompted an investigation of these-$i bond additions
CeHs) provided Cp*{PrP)(H)Os=SiH(dmp) &) as a crystalline ~ USing computational methods.

orange solid. Complexe$ and5 were also prepared by the two- Calculation utilized the DFT B3LYP approach and targeted

step reaction sequence involving oxidative addition of the silane the model Os complexes CpfP)(H)Os=SiH; (A) and [Cp(HP)(H)-
to 1, followed by addition of Mg(CHPh)(THF), (Scheme 1§.
Complex4 exhibits characteristiH NMR shifts at 12.1 ppm
(SiH) and —16.0 (O#1), and a downfield?*Si NMR shift of 229
ppm. A very low?Jsiy value of 7.7 Hz suggests that any interaction
between the silicon and the metal hydride is minimal. Analogous
spectroscopic features were observedsforhe molecular structure
of 4 (Figure 1) features an unusually short-€%& separation of
2.219(2) A. Planarity at silicon is indicated by the summation of
angles about this atom (359)8 The osmium- and silicon-bound
hydrogen atoms, which were located in the Fourier difference map,

Figure 1. ORTEP diagram o# with thermal ellipsoids shown at the 50%
probability level. All carbon-bound hydrogen atoms are omitted for clarity.
t University of California, Berkeley. Selected bond lengths (A): ©Si 2.219(2), OsP 2.293(1), OsH

* Texas A&M University. 1.871(5), S-H 1.477(5). Sum of angles at silicon 359.8.
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Scheme 2 @
Pathway 1. Neutral Os Complexes
Cp Cp <|=p cp
HyP" °s*s. H L»H P‘ OS\s| — > HPY[ s‘s- —> H P‘Ps*“& ~CHCHy
k] Ho\ “H d \H H '}
A B TS, c
(AGy,= 0.0 (7.8) (24.6) (-18.2)
kcal/mol)
Pathway 2. Cationic Os Complexes
Cp Cp Cp Cp
® ® CH,CH
H P,IOs\ _H 5 Hg P’os*sl HsP’l,s\S’ H P/lo?\ ~CH2CHg
Y H H \\ M HAK, H HH Y
D TS, F
(AG,p,= 0.0 (0 0) (6.3) (-24.2)
kcal/mol)

a Solvent (GHe)-corrected relative free energies are provided in paren-
theses based oA + ethylene= 0.0 kcal/mol for the neutral complexes
andD + ethylene= 0.0 kcal/mol for the cationic complexes.

Table 1. Selected Bond Lengths and Mulliken Charge
Distributions

Os-Si Si-C charge charge
bond length bond length on Os on Si

] A fragment? fragment?

A 2.23 n/a —0.09 0.09

B 2.24 3.41 —-0.14 0.14

TS; 2.30 2.08 —0.30 0.30

C 2.24 1.90 —0.22 0.22
D 2.26 n/a 0.48 0.52
E 2.33 2.42 0.32 0.68
TS, 2.35 2.03 0.31 0.69
F 2.27 1.87 0.34 0.66

aRefers to the sum of the Mulliken charges of the Cf#H{H),Os
fragment;n = 1, 2.P Refers to the sum of the Mulliken charges on the
SiH, and GH4 fragments.

0Os=SiH,]" (D). Analysis of the coordination and insertion path-
ways revealed exergonic processes similar to those found for
[Cp(HsP)(HLRU=SiH,;]*.6” However, coordination of ethylene to

A is ca. 8 kcal mai® higher in energy than the coordination of
ethylene toD. Additionally, the transition state for insertion into
the Si-H bond is 18 kcal mol' higher in energy forA vs D

(Scheme 2). These values suggest that there is a significant kinetic

barrier to both olefin coordination and insertion for the neutral
silylene species.

Orbital analyses oA andD demonstrated that the LUMOs for
both species are primarily silicon p-orbitals, and the LUMCDof
(—0.232 eV) is much closer in energy than the LUMQAf—0.051
eV) to the HOMO of ethylene{0.267 eV). This small HOM&
LUMO gap allows for enhanced binding of ethylene to the cationic
speciesD (Table 1). The large reorganization energy associated
with insertion of ethylene into the SH bond ofA arises in part from

the substantial electronic and structural changes required for the

transformation oB to TS; (Table 1). In particular, the difference

between the SiC bond lengths ilB andTS; was determined to be

1.33 A, whereas there was only a change of 0.39 A betvzeand

TS,. In the case oD, these smaller geometric and electronic changes

give rise to a lower transition-state enerdyst = 6.3 kcal mot?).”
Increased positive charge on the Si{tdyH,) fragments is

generated by shifting electron density to CgH{H),Os by reducing

the Os-Si double bond character, as illustrated by the resonance

structures in Scheme 3 (see Supporting Information for additional

details), and is indicated by increased<3 bond lengths. It should

be noted that the increase in positive charge on the silicon fragment

corresponds to an increase in 2Oscharacter for the neutral
complexes and O$ character for the cationic complexes. Thus, it

Scheme 3
Neutral Complexes Cationic Complexes
[S) @
HGP/JOS§S' -y P/jos\Si\’H HQP/P":§SI\’ -y P/Of\g’
H " H H HH W 0V
OSIV d4 05" ds osVI d2 OSIV d4
Species  Os''d*  Os''d° Species  Os''d*  Os'' d*
A 91% 9% D 48% 52%
B 86% 14% E 32% 68%
TS, 70% 30% TS, 31% 69%
C 78% 22% F 34% 66%

is hypothesized that the difference in reactivity stems from the
importance of the resonance contributor that establishes a positive
charge at silicon (Scheme 3), rendering the silyl fragment isoelec-
tronic with a boryl group. It is well established that boryl
functionalities readily hydroborate unsaturated molecules by direct
addition of a B-H bond?®

The results reported above concern an interesting type of
transformation, in which a transition metal center activates one
substrate toward direct reaction with another, without prior
coordination of the second substrate to the metal cénter.
particular, a dramatic example of the influence of charge distribution
on the reactivity of a metal silylene complex has been observed.
This information should be of use in the design of additional
catalytic reactions that may occur via direct addition of a metal-
activated elementhydrogen bond to an unsaturated substrate.
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