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Experimental Section

General Considerations. All manipulations were carried out under a dinitrogen atmosphere in
an MBraun Unilab 2000 glove box or under an argon atmosphere using standard Schlenk
techniques. Routine solvents were purchased from Aldrich and were deoxygenated and dried using
a Glass Contour Solvent Purification System, except for anhydrous benzene and pentane, which
were used as received from Aldrich. Cs,B,Cl, was prepared according to literature procedures,’
converted to Ag,B1,Cl;, by reaction with silver nitrate in water, and further converted to the tetra-
n-butylammonium salt by reaction with tetra-n-butylammonium bromide in dichloromethane in
an inert-atmosphere glove box. The [P"P,Si]H, ligand,? trityl triflate,? and trityl BArF (BArF =
B(C4Fs)s)* were prepared according to published methods. NMR solvents (Cambridge Isotope
Labs) were degassed and passed through a pad of activated alumina prior to use (benzene-dy) or
vacuum transferred from sodium/benzophenone (bromobenzene-ds and dichloromethane-d,).
Alumina was activated by heating at 300 °C for 8—12 h under vacuum prior to use. Other reagents
were purchased from commercial vendors and used without further purification. NMR spectra
were recorded at ambient temperature on a Bruker Avance III HD 400 High Performance Digital
NMR spectrometer. 'H and *C NMR chemical shifts were referenced to residual solvent, 2°Si and
3IP NMR chemical shifts are reported relative to external standards of 85% H3;PO, and

tetramethylsilane, respectively. IR spectra were recorded on a Mattson 4020 Galaxy Series or
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Thermo Scientific Nicolet iS5 FTIR spectrometer in CH,Cl, using a solution IR cell with NaCl

windows. Microanalysis was carried out by Midwest Microlab, LLC.

(P"P,Si")Ru(H)(CO)(PPh;)  (2).  Carbonyl(dihydrido)tris(triphenylphosphine)ruthenium
(238 mg, 0.260 mmol) and the (*"P,Si)H, ligand (143 mg, 0.259 mmol) were combined in benzene
(15 mL) and heated at 80°C for 16 h with stirring in a sealed vial. The reaction mixture was
concentrated in vacuo to a white powder, which was washed with pentane (3 x 10 mL) to remove
triphenylphosphine. The crude product was redissolved in minimal dichloromethane and
crystallized by vapor diffusion with pentane at —38°C, affording pure 1 as a crop of colorless
crystals. Yield: 199 mg, 81 %. 'H NMR (400 MHz, C¢Dg): 8 8.47 (d, J= 7.3 Hz, 2H), 7.27-7.16
(m, 11H), 7.13-7.07 (dt, J, = 7.7 Hz, J, = 3.8 Hz, 2H), 7.02-6.77 (m, 24H), 6.69-6.60 (m, 5H,
Si—H and Ar-H), —7.64 (td, 2Jyp = 28.9 Hz, 2Jyp = 12.2 Hz, 1H, Ru-H). *C{'H} (101 MHz,
CD,Cl,): 8 207.3 (q, 2Jcp = 7 Hz, Ru-CO), 152.5 (td, J; = 30 Hz, 8 Hz), 151.5 (td, J = 25 Hz, 2
Hz), 139.1 (t, /=17 Hz), 138.4 (td, /=21 Hz, 5 Hz), 134.4-134.3 (m), 134.2 (t, /=6 Hz), 133.4
(td, /=10 Hz, 2 Hz), 132.4 (t,J= 6 Hz), 131.7 (t, J= 3 Hz), 129.5, 129.2, 128.8, 128.7, 128.5 (t,
J=5Hz), 128.0 (t, /=4 Hz), 128.0, 127.9, 127.7 (t, J= 5 Hz). ?°Si{'H} NMR (79 MHz, C¢Ds):
8 47.3 (dt, 2Jsip = 83 Hz, 2Jgp = 15 Hz). 3'P{'H} NMR (162 MHz, C¢Dg): 8 65.7 (d, 2Jpp = 21 Hz),
41.0 (t, 2Jpp = 21 Hz, Ru—PPh3). IR (CH,Cl,, cm™!): v 2024 (SiH), 1942 (CO). Anal. calcd. for

CssH4sOP3RuSi: C, 69.98; H, 4.80. Found: C, 70.12; H, 5.02.

(PPP,Si®THRu(H)(CO)(PPh;3) (3). Complex 2 (14.4 mg, 0.015 mmol) and trityl triflate (6.00
mg, 0.015 mmol) were separately dissolved in in dichloromethane (5 mL each) and chilled to —38

°C. The trityl triflate solution was added dropwise to the solution of 2, causing the solution to
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adopt a slightly yellow hue. Volatiles were removed in vacuo and the resulting yellow solid was
washed with pentane (3 X 5 mL) to remove triphenylmethane. The resulting product was
redissolved in minimal dichloromethane and crystallized by vapor diffusion with pentane at—
38°C. Yield: 19.0 mg, 95 %. The crystals of 3 obtained from dichloromethane as the CH,Cl,
solvate suffered from severe disorder of the triflate unit, but a small crop of colorless crystals of 3
suitable for X-ray analysis was obtained from a concentrated toluene solution by vapor diffusion
with pentane at —38°C. '"H NMR (400 MHz, C¢Dg): 6 8.92 (d, J = 7.5 Hz, 2H), 7.22 (td, J = 7.4
Hz, 1.3 Hz, 2H), 7.16-7.03 (m, 14H), 7.02-6.91 (m, 6H), 6.90—6.81 (m, 3H), 6.82—6.72 (m, 13H),
6.58 (t,J=17.7 Hz, 4H), —8.22 (td, 2Jzp = 26.9 Hz, 2Jyp = 11.5 Hz, 1H, Ru-H). BC{'H} (101 MHz,
CD,Cl,): 6 204 (Ru—CO), 152.8 (td, J; =29 Hz, 6 Hz), 148.5 (td, J = 23 Hz, 5 Hz), 136.7 (t, J =
19 Hz), 136.6 (td, J = 22 Hz, 3 Hz), 133.6 (t, J = 6 Hz), 132.5 (t, /=9 Hz), 131.9 (t, J = 2 Hz),
129.3 (t,J=4 Hz), 129.5, 129.1, 129.0, 128.9, 128.3, 128.0 (t, J = 5 Hz), 127.6, 127.5, 127.3 (t, J
=5 Hz). YF{'H} NMR (376 MHz, C¢Dy): & 78.1. Si{'H} NMR (79 MHz, C¢Dy): & 114.7 (dt,
2Jsip = 110 Hz, 2Jsp = 19 Hz). 3'P{!H} NMR (162 MHz, C¢Dg): 8 64.1 (d, 2Jpp = 23 Hz), 39.2 (t,
2Jpp = 23 Hz, Ru-PPh;). IR (CH,Cl,, cm!): v 1965 (CO). Anal. caled. for
Cs¢Hy4F304P3;RUSSi-CH,Cl,: C, 58.16; H, 3.94. Found: C, 57.20; H, 4.20. NOTE: Complex 3
crystallized with two molecules of dichloromethane solvent per asymmetric unit, but elemental

analysis indicates that some of this solvent (0.7 equiv) was removed during drying.

[(PPP,SiPE2)Ru(H)(CO)(PPh3)][B(C4Fs)4] (4-BArF). Complex 2 (14.4 mg, 0.015 mmol) and
trityl BArF (14.2 mg, 0.015 mmol) were separately dissolved in fluorobenzene (5 mL) and chilled
to —38 °C. The trityl BArF solution was added dropwise to the solution of 1 with stirring, causing

it to adopt a slight yellow hue. After several minutes, a solution of diethyl ether (60 pL, 0.30 mM
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in fluorobenzene, 0.018 mmol) was added. The mixture was allowed to stir for 5 min, then volatiles
were removed in vacuo. The resulting yellow solid was dissolved in benzene and lyophilized, then
washed with pentane (3 x 5 mL) to remove triphenylmethane and dried in vacuo over 48 h. Yield:
22.6 mg, 89%. 'H NMR (400 MHz, C¢D¢/CsDsBr [1:1]): 6 8.14 (d, J= 7.4 Hz, 2H), 7.33 (m, 4H),
7.22-6.78 (m, 27H), 7.02-6.91 (m, 6H), 6.70-6.58 (m, 6H), 6.36 (br s, 4H), 3.50 (q, *Jun = 7.0
Hz, 4H, Si-O(CH,CHz),), 0.53 (t, 3Jun = 7.0 Hz, 6H, Si—-O(CH,CHs),), —8.38 (td, 2Jyp = 27.6 Hz,
2Jyp = 10.9 Hz, 1H, Ru-H). Si{'H} NMR (79 MHz, C¢Ds): 6 150.7 (dt, 2Js;p = 112 Hz, 2Jgip =
18 Hz). 3'P{'H} NMR (162 MHz, C¢Dy): 8 64.2 (d, 2Jpp = 24 Hz), 37.0 (t, 2Jpp = 24 Hz, Ru—PPh).
IR (CH,Cl,, cm™): v 1955 (CO). Attempted microanalysis of 4-BArF suggested that the pure
compound precipitated with some amount of solvent that could not easily be removed or
definitively quantified. For instance, after precipitation of 4-BArF with pentane from a
concentrated dichloromethane solution, microanalysis was consistent with the inclusion of one-
half equivalent of CH,Cl,: Anal. calcd. for Cg3Hs4BF,00,P3;RuSi-0.5CH,Cl,: C, 57.68; H, 3.19.
Found: C, 57.72; H, 3.24. Although this microanalysis is not definitive for the proposed
formulation, the fact that 4-BArF can be cleanly generated from 5-BArF, combined with the

weight of the spectral evidence for both species, confirms the formulation.

[(P"P,Si=)Ru(H)(CO)(PPh3)]|[B(CsFs)4] (5-BArF). Complex 2 (14.4 mg, 0.015 mmol) and
trityl BArF (14.2 mg, 0.015 mmol) were separately dissolved in fluorobenzene (5 mL) and chilled
to —38 °C. The trityl BArF solution was added dropwise to the solution of 1, causing the solution
to adopt a yellow hue. Pentane (ca. 5 mL) was added, causing 5 to precipitate as a yellow solid,
which was isolated by filtration. Yield: 22.4 mg, 88 %. 'H NMR (400 MHz, C4Dy): 6 8.13 (d, J =

7.4 Hz, 2H), 7.29 (t, J= 7.3 Hz, 2H), 7.16-7.03 (m, 14H), 6.57 (t, J= 7.5 Hz, 4H), 6.46 (q, J= 5.8
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Hz, 4H), —7.89 (t, 2Jyp = 15.3 Hz, 1H, Ru-H). *Si{!H} NMR (79 MHz, C¢Ds): 6 278 (d, 2Jsip =
108 Hz). 3'P{'H} NMR (162 MHz, C¢Dg): 6 55.8 (d, 2Jpp = 21 Hz), 37.7 (t, 2Jpp = 21 Hz, Ru—
PPh3). IR (CH,Clp, cm™): v 1979 (CO). Anal. calcd. for C;9H44BF,0OP3;RuSi-CsHy,: C, 59.55; H,
3.33. Found: C, 59.95; H, 3.37. NOTE: The BATrF salts 5-BArF, 6-BArF, and 7-BArF were
precipitated with pentane, and microanalysis revealed a single equivalent of pentane was retained

upon isolation.

[(PPP,SiO2CH)Ru(CO)(PPh3)|[B(C¢Fs)4] (6-BArF). Complex 2 (14.4 mg, 0.015 mmol) and
trityl BArF (14.2 mg, 0.015 mmol) were separately dissolved in fluorobenzene (5 mL) and chilled
to —38 °C. The trityl BArF solution was added dropwise to the solution of 2, causing the solution
to adopt a yellow hue. The volume of the resulting solution was reduced to ca. 0.75 mL in vacuo
and it was transferred to a J Young NMR tube. The solution was subjected to one freeze—pump—
thaw cycle and the headspace was backfilled with CO,. The reaction was allowed to proceed 16 h,
then the mixture was brought back into the glove box, dried in vacuo, and triturated with pentane
(3 x 5 mL) to remove triphenylmethane, affording 6-BArF as a pale yellow solid. Yield: 21.5 mg,
86 %. In order to isolate 5 as a powder suitable for elemental analysis, the product was redissolved
in minimal fluorobenzene and precipitated with pentane. "H NMR (400 MHz, C¢DsBr): 6 8.34 (d,
J=7.4Hz, 2H), 7.37 (t, J=7.5 Hz, 2H), 7.18-6.97 (m, 22H), 6.94-6.90 (m, 4H), 6.87-6.80 (m,
9H), 6.32 (s, 1H, O,CH), 6.17 (q, J = 5.6 Hz, 4H). °Si{!H} NMR (79 MHz, C¢D;sBr): 3 118 (dt,
2Jsip =96 Hz, 2Jsip = 12 Hz). 3'P{"H} NMR (162 MHz, CsDs:CsHsF [1:1]): 8 51.3 (d, 2/pp = 20 Hz),
14.5 (t, ZJpp = 20 Hz, Ru—PPh3). IR (CH,Cl,, cm™): v 1955 (CO), 1577 (OCO). Selected NMR
spectral data for 1*C-labelled product: '"H NMR (400 MHz, C¢DsBr): 8 6.32 (d, 'Jc =232 Hz, 1H,

0,3CH). BCNMR (101 MHz, C¢DsBr): 8 171.6 (dd, 'Jcy = 232 Hz, 3Jcp = 8 Hz, O,CH). 3'P{'H}
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NMR (162 MHz, C¢HsF): 6 51.3 (d, 2Jpp = 20 Hz), 14.5 (td, 2Jpp = 20 Hz, >Jpc = 8 Hz). IR (CH,Cl,,
cm1): v 1955 (CO), 1538 (OCO). Anal. calcd. for CgoHy44BF,0O3P3RuSi-CsHy,: C, 58.73; H, 3.25.
Found: C, 58.77; H, 3.02. NOTE: The BArF salts 5-BArF, 6-BArF, and 7-BArF were precipitated
with pentane, and microanalysis revealed a single equivalent of pentane was retained upon

1solation.

[(PPP,SiS?)CH)Ru(CO)(PPh;)][B(CeFs)4] (7-BArF). Complex 2 (14.4 mg, 0.015 mmol) and trityl
BArF (14.2 mg, 0.015 mmol) were separately dissolved in fluorobenzene (5 mL) and chilled to
—38 °C. The trityl BArF solution was added dropwise to the solution of 2, causing the solution to
adopt a yellow hue. After several minutes, a solution of carbon disulfide (50 pL, 0.44 mM in
fluorobenzene, 0.022 mmol) was added and the reaction allowed to proceed 5 min. Volatiles were
removed in vacuo and the resulting yellow solid was triturated with pentane (3 x 5 mL) to remove
triphenylmethane. Yield: 23.2 mg, 92 %. In order to isolate 6 as a powder suitable for elemental
analysis, the product was redissolved in minimal fluorobenzene and precipitated with pentane. 'H
NMR (400 MHz, C¢DsBr): 6 9.61 (s, 1H, S,CH), 8.26 (d, /= 7.5 Hz, 2H), 7.29 (t,J = 7.3 Hz, 2H),
7.20-6.97 (m, 14H), 6.88-6.74 (m, 17H), 6.69 (q, J = 6.2 Hz, 4H), 6.08 (q, J = 6.2 Hz, 4H).
PSi{'H} NMR (79 MHz, C¢D¢:C¢HsF [1:1]): 8 117 (dt, 2Jsip = 98 Hz, 2Js;p = 12 Hz). 3'P{'H}
NMR (162 MHz, C¢H;sF): 6 50.6 (d, 2Jpp = 19 Hz), 18.9 (t, 2Jpp = 19 Hz, Ru—PPh;). IR (CH,Cl,,
cm™1): v 1973 (CO). Anal. calcd. for CgoH44BF,00P3RuS,Si-CsHy,: C, 57.67; H, 3.19. Found: C,
57.52; H, 3.11. NOTE: The BATrF salts 5-BArF, 6-BArF, and 7-BArF were precipitated with

pentane, and microanalysis revealed a single equivalent of pentane was retained upon isolation.
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Crystallization of [(PthSiSZCH)Ru(CO)(PPh3)] [B12C112]0_5 (7-B12C112). Crystals of 7 were
obtained as the dodecachlorododecaborate (B1,Cl;,%") salt by dissolving 7-BArF in ca. 3 mL of a
concentrated solution of tetra-n-butylammonium dodecachlorododecaborate (TBA,B;,Cl;,) in

THF and storing at —35 °C for two weeks.

Observation of phosphine exchange at (*"P,Sit)Ru(H)(CO)(PPhs) (2). Two a solution of
complex 2 (20.9 mg, 0.022 mmol) in fluorobenzene (0.8 mL) was added a solution of tri(p-
tolyl)phosphine (20.1 mg, 0.066 mmol). The mixture was transferred to an NMR tube and no
reaction occurred over a period of 12 h, as judged by 3'P NMR spectroscopy. The mixture was
heated at 80 °C and periodically examined by 3'P NMR spectroscopy, showing slow conversion
to a 40:60 mixture of 2 and (*"P,Si")Ru(H)(CO)(P(p-tol);) over a period of 60 h. 3'P NMR spectra

for this reaction are presented in Figure S33.

Computational Details. All DFT calculations were performed using Gaussian09> using the
MO6 functional® and the def2SVP basis set’ with effective core potentials for Ru.® Geometries
were optimized in the gas phase. A rendering of the S(comp) cation is presented below (Figure

S1) along with XYZ coordinates.
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Figure S1. DFT minimized structure of 5(comp) cation
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XYZ Coordinates for S(comp) cation
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0.079440
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5.598359
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X-ray Crystallography. Single-crystal X-ray diffraction data for compounds 2 and 3 were
collected on a Rigaku XtaLAB mini diffractometer using Mo Ka radiation (A = 0.71073 A). The
diffractometer was equipped with an Oxford Cryosystems desktop cooler (Oxford Cryosystems
Ltd, Oxford) for low-temperature data collection. The crystals were mounted on a MiTeGen
micromount (MiTeGen, LLC, Ithaca, NY) using STP oil. The frames were integrated using
CrystalClear-SM Expert 3.1 b27° to give the hkl files corrected for Lp and decay. Data were
corrected for absorption effects using a multiscan method (REQAB).°

Single-crystal X-ray diffraction data for compound 7-B;,Cl;, were collected at the University
of Minnesota X-ray crystallographic laboratory on a Bruker APEX II Platform CCD
differactometer using Mo Ka radiation (A = 0.71073 A). The data intensities were corrected for
absorption and decay (SADABS). Final cell constants were obtained from least-squares fits of all
measured reflection.

All structures were solved using SHELXS-2013 and refined using SHELXL-2013 with the
Olex2 software package.! All non-hydrogen atoms were refined with anisotropic thermal
parameters. Ruthenium and silicon hydrides were located in the Fourier difference maps and
refined isotropically; all other hydrogen atoms were inferred geometrically from neighboring sites
and refined with riding thermal parameters. Crystallographic parameters of all complexes are
summarized in Table S1. ORTEP drawings were prepared using ORTEP-3 for Windows
V2013.1'" and POV-Ray for Windows v3.6.!2 Crystallographic data for the complexes have been
deposited at the Cambridge Crystallographic Data Centre (Nos. 1566072—1566074) and can be

obtained free of charge via www.ccdc.cam.ac.uk.
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Table S1. X-ray crystallographic data

complex

Empirical Formula

2

C55H450 P3RUS| . 2CH2C|2

3

C56H44F3O4P3Ru55i 'C7H8

7-B1,Cly,

Cs6H440P3RUS,Si*(B1,Cl5)o 5

Formula Weight 1113.83 1184.17 1296.66

T (K) 173(2) 173(2) 173(2)
Crystal System Monoclinic Triclinic Monoclinic
Space Group P2,/c pl C2/c

a (A) 12.5608(10) 13.1211(17) 28.1350(19)
b (A) 17.3752(14) 13.5719(18) 17.6566(12)
c(A) 23.586(2) 17.210(2) 29.6568(19)
o (deg) 90 108.220(8) 90

S (deg) 92.353(6) 103.018(7) 105.892(2)
y (deg) 90 94.303(7) 90

V(A3 5143.3(7) 2800.9(7) 14169.5(16)
V4 4 2 8

dearc (g/cm3) 1.438 1.404 1.216

U (mm?) 0.670 0.482 0.624
Reflections Collected 38363 23813 102808
Independent Reflections 10502 9875 21672

[R(int) = 0.0712] [R(int) = 0.0888] [R(int) = 0.0648]

Data / Restraints / Parameters 10502 /0/ 612 9875/ 45/ 690 21672 /0/ 685

GOF on F? 1.026 1.022 1.026
R1 (wR2) 0.0489 (0.1008)

0.0607 (0.1446) 0.0642 (0.1699)
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Figure S2. '"H NMR spectrum of (P"P,Si")Ru(H)(CO)(PPh;) (2) in C¢Dy
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(PhP2SiH)Ru(H)(CO)(PPh3) - 29Si
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(PhP2SiH)Ru(H)(CO)(PPh3) - 31P
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Figure S7. BC{'H} NMR spectrum of (*"P,Si®T™\Ru(H)(CO)(PPhs) (3) in CD,Cl,
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(PhP2SiOTF)RuU(H)(CO)(PRh3) - 19F
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Figure S8. °’F{'H} NMR spectrum of (""P,SiOT)Ru(H)(CO)(PPh;) (3) in CH,Cl,
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(PhP2SIOTF)Ru(H)(CO)(PPh3) - 29Si
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Figure S9. 2°Si{'H} NMR spectrum of (*"P,Si®T)Ru(H)(CO)(PPh;) (3) in CH,Cl,
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(PhP2SIOTF)Ru(H)(CO)(PPh3) } 31P
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Figure S10. 3'P{'H} NMR spectrum of (*"P,Si®T)Ru(H)(CO)(PPhs) (3) in CH,Cl,
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[(PhP2SIiOEt2)Ru(H){PPh3)(CO)][BArF] - 1H
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Figure S11. "H NMR spectrum of [(*"P,Si%F2)Ru(H)(CO)(PPh;)][BArF] (4-BArF) in C4Ds:C4DsBr [1:1]
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[(PhP2SIOEt2)Ru(H)(PPh3)(CO)][BArF] - 29Si
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Figure S12. Si{'H} NMR spectrum of [(P"P,Si%F2)Ru(H)(CO)(PPh;)][BArF] (4-BArF) in C¢HsF
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[(PhP2SIOEt2)Ru(H)(PPh3)(CO)][BArF] - 31P
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Figure S13. 3P {'H} NMR spectrum of [(P"P,Si®F2)Ru(H)(CO)(PPh;)][BArF] (4-BArF) in C¢HsF
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Figure S14. '"H NMR spectrum of [(*"P,Si=)Ru(H)(CO)(PPh;)][BArF] (5-BArF) in C¢Dy
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[(PhP2Si=)Ru
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Figure S15. Si{'"H} NMR spectrum of [(*"P,Si=)Ru(H)(CO)(PPh;)][BArF] (5-BArF) in C¢HsF
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Figure S16. 3'P{'H} NMR spectrum of [(P"P,Si=)Ru(H)(CO)(PPh;)][BArF] (5-BArF) in C4H;sF
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[(Ph2PSiO2CH)Ru(CO)(PPh3)][BArF] - {H
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Figure S17. "H NMR spectrum of [(*"P,SiO2CH)Ru(CO)(PPh;)][BArF] (6-BArF) in C¢DsBr
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[(Ph2PSiO2CH)Ru(CO)(PPh3)][BArF] - 31P
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Figure S19. 3'P{'H} NMR spectrum of [(P"P,SiO>H)Ru(CO)(PPh;)][BArF] (6-BArF) in C¢HsF
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13C-[(PhP2Si02CH)RuU(CO)(PPh3)][BArF] - 1H crude

A (d)
6.32

fJ “M) I kﬂf “

=

{

F> —6.61 »
L

N

f>‘ —6.03

0.22

8.8 87 8.6 85 8.4 8.3 82 8.1 80 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7(;2] 7 1'I ér?f 5(9' ;.8' 67|66 6.5 6.4 63 42 6.1 éx/sls 58 57 56 55 54 53 52
ermijca I m
Figure S20. "H NMR spectrum of crude BC-[(P"P,Si%?H)Ru(CO)(PPh;)][BArF] (6(**C)-BArF) in C4DsBr.

The asterisks indicate components of the H—'3C doublet.
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Figure S21. 3C NMR spectrum of crude 3C-[(P"P,SiO?H)Ru(CO)(PPh;)][BArF] (6(**C)-BArF) in C4DsBr, showing 3Jcp and 'Jcy
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[(PhP2SiS2CH)Ru(CO)(PPh3)][BArF] - 1H
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Figure S23. '"H NMR spectrum of [(*"P,SiS?2H)Ru(CO)(PPh;)][BArF] (7-BArF) in C4DsBr
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Figure S24. 2°Si NMR spectrum of [(P'P,SiS2CH)Ru(CO)(PPh;)][BArF] (7-BArF) in C¢Dg:CgHsF [1:1]
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Figure S25. 3'P NMR spectrum of [(P'P,SiS?CH)Ru(CO)(PPh;)][BArF] (7-BArF) in C¢HsF
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Figure S27. Infrared spectrum of (P'P,SiOT)Ru(H)(CO)(PPhs) in CH,Cl,
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Figure S28. Infrared spectrum of [(*"P,Si®F2)Ru(H)(CO)(PPh;)][BArF] in CH,Cl,
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Figure S29. Infrared spectrum of [(*"P,Si=)Ru(H)(CO)(PPh;)][BArF] in CH,Cl,
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Figure S30. Infrared spectrum of [(PP,Si®?CH)Ru(H)(CO)(PPh;)][BArF] in CH,Cl,
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Figure S32. Infrared spectrum of [(*'P,SiS2CH)Ru(H)(CO)(PPh;)][BArF] in CH,Cl,
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