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1 General Information for Reduction with Catalyst 1
Reactions were performed in flame-dried glassware using an MBraun glovebox or conventional

Schlenk techniques under a static pressure of nitrogen gas unless otherwise stated. Liquids and
solutions were transferred with syringes. Toluene (HPLC grade) was dried and degassed
following standard procedures. Cyclohexane (HPLC grade) and ethyl acetate (HPLC grade) for
extraction or chromatography were degassed via freeze-pump-thaw technique prior to use. All
phosphine oxides were purchased from commercial suppliers and used without further
purification. CeDs was stored over 4 A molecular sieves. Flash column chromatography was
performed on silica gel 60 (40-63 ym, 230—-400 mesh, ASTM) by Merck using the indicated
solvents. H, 13C, 3P, and B NMR spectra were recorded in CsDs on Bruker AV500 or Bruker
AV400 instruments. Chemical shifts are reported in parts per million (ppm) and are referenced to
the residual solvent resonance as the internal standard (CsDsH: & = 7.16 ppm for *H NMR and
CsDs: & = 128.06 ppm for 3C NMR). Data are reported as follows: chemical shift, multiplicity (s =
singlet, d = doublet, t = triplett, q = quartet, sept = septet, m = multiplet, br = broad signal), coupling
constants (Hz), and integration. Gas-liquid chromatography (GLC) was performed on an Agilent
Technologies 7820A gas chromatograph equipped with a FS-SE-54 capillary column (30 m x
0.32 mm, 0.25 pum film thickness) by CSChromatographie Service using the following program:
N carrier gas, injection temperature 240 °C, detector temperature 300 °C, flow rate: 1.74 mL/min;
temperature program: start temperature 40 °C, heating rate 10 °C/min, end temperature 280 °C
for 10 min. Mass spectra (MS) were obtained from the Analytical Facility at the Institut fir Chemie,

Technische Universitat Berlin.
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2 General Procedures

2.1  General Procedure for the Reduction of Phosphine Oxides (GP 1)
In a glovebox, an oven-dried 1-mL screw-caped sealed tube with a magnetic stir bar is charged

with tris(pentafluorophenyl)borane B(CeFs)s, 5.0-10 mol%], phenylsilane (61 mg, 0.56 mmol, 3.5
equiv), and the indicated phosphine oxide (0.16 mmol, 1.0 equiv). Toluene (0.50 mL) is added to
the mixture. The tube is sealed properly and transferred to an oil bath pre-heated at 105 °C. After
20 h, the reaction mixture is cooled to room temperature. The reaction tube is then transferred
back to the glovebox, and the reaction mixture is passed through a small plug of silica gel using
degassed ethyl acetate (HPLC grade) and collected in a glass vial. The crude material is
subjected to GLC analysis or 3P NMR analysis to determine the conversion (w.r.t. starting
material). The vial is then tightly sealed with a rubber septum, and the solvents are evaporated
under high vacuum. Once the solvent is completely evaporated, the vial is purged with nitrogen
gas and transferred to the glovebox. The crude material is passed through a small plug of silica
gel and rinsed multiple times with degassed cyclohexane (HPLC grade); in selected cases
purification is done by flash column chromatography on silica gel using cyclohexane/ethyl acetate
as eluent if no reoxidation is observed. The collected solvent is evaporated under high vacuum to

obtain the analytically pure title compounds.

2.2 General Procedure for the Formation of Phosphine-Borane Adducts (GP 2)
After purification according to GP 1, the corresponding phosphine is kept under inert atmosphere

in a glass vial and cooled to 0 °C. BH3*SMe> (1.0 equiv) is then slowly added and left stirring for
2 h at room temperature. The mixture is then transferred to an Erlenmeyer flask, and silica gel is
carefully added while stirring; a slightly exothermic reaction was observed. The reaction mixture
is then filtered and washed several times with ethyl acetate. After evaporation of the ethyl acetate,
the residue is purified by flash chromatography on silica gel with pure cyclohexane as eluent to

afford the desired borane adduct.
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3 Experimental Details for the Synthesis of Phosphines and
Corresponding Borane Adducts

3.1 Triphenylphosphine (from Triphenylphosphine Oxide)

SRe

C18H15P

Prepared from triphenylphosphine oxide (44 mg, 0.16 mmol), phenylsilane (61 mg, 0.56 mmol,
3.5 equiv), and tris(pentafluorophenyl)borane (4.0 mg, 8.0 umol, 5.0 mol%) according to GP 1.
The reaction mixture was stirred in a sealed tube at 105 °C for 20 h. Purification by filtering the
reaction mixture through a small pad of silica gel using ethyl acetate as eluent afforded
triphenylphosphine (38 mg, 91%) as a white powder.

GLC (SE-54): tr = 22.1 min. mp = 78 °C (ethyl acetate). IR (ATR) = 3140, 3066, 3013, 2662,
1580, 1473, 1429, 1306, 1176, 1087, 1023, 913, 851, 740, 689 cm™. HRMS (APCI) for C1gH16P*
[(M+H)™]: calculated 263.0984, found 263.0987. *H NMR (400 MHz, CsDs): & = 7.03—7.05 (m, 9H),
7.37-7.41 (m, 6H). C NMR (99 MHz, CsDs): 6 = 128.8, 128.9, 134.2 (d, J = 20 Hz), 138.0 (d, J
= 12 Hz) ppm. 3P NMR (202 MHz, C¢Ds): & = —5.4 ppm.

3.2  Methyldiphenylphosphine
Me

P

SRe

Cy3H13P

Prepared from methyldiphenylphosphine oxide (34 mg, 0.16 mmol), phenylsilane (61 mg, 0.56
mmol, 3.5 equiv), and tris(pentafluorophenyl)borane (8.0 mg, 16 pmol, 10 mol%) according to GP
1. The reaction mixture was stirred in a sealed tube at 105 °C for 20 h. Purification by filtering the
reaction mixture through a small pad of silica gel using cyclohexane as eluent afforded
methyldiphenylphosphine (26 mg, 80%) as an oily clear liquid.

GLC (SE-54): tr = 16.3 min. IR (ATR) = 2280, 2153, 1956, 1592, 1513, 1465, 1431, 1330, 1281,
1128, 1097, 998, 967, 849, 812, 739 cm™. HRMS (APCI) for Ci3H14OP* [(M+H)*]: calculated
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201.0828, found 201.0820. *H NMR (500 MHz, CeDs): & = 1.37 (d, J = 4 Hz, 3H), 7.04-7.07 (m,
7H), 7.36 (t, J = 14 Hz, 3H). *C NMR (126 MHz, CeDs¢): & = 16.7 (d, J = 74 Hz), 128.6 (d, J = 12
Hz), 130.9 (d, J =9 Hz), 131.3 (d, J = 3 Hz), 136.2 (d, J = 98 Hz) ppm. 3P NMR (202 MHz, CsDs):
0 =-27.0 ppm.

3.3  Cyclohexyldiphenylphosphine

o0

C18H21P
M = 268.34 g/mol

Prepared from cyclohexyldiphenylphosphine oxide (46 mg, 0.16 mmol), phenylsilane (61 mg, 0.56
mmol, 3.5 equiv), and tris(pentafluorophenyl)borane (8.0 mg, 16 umol, 10 mol%) according to GP
1. The reaction mixture was stirred in a sealed tube at 105 °C for 20 h. Purification by filtering the
reaction mixture through a small pad of silica gel using cyclohexane as eluent afforded
cyclohexyldiphenylphosphine (37 mg, 86%) as a white powder.

GLC (SE-54): tr = 22.1 min. mp = 60 °C (cyclohexane). IR (ATR) = 2927, 2856, 2280, 2157,
1618, 1450, 1432, 1330, 1128, 1089, 891, 849, 740, 698 cm™. HRMS (APCI) for CigHxP*
[(M+H)*]: calculated 269.1454, found 269.1444. *H NMR (500 MHz, C¢Ds): & = 0.99-1.09 (m, 3H),
1.46-1.74 (m, 7H), 2.04 (s, 1H), 7.07-7.09 (m, 6H), 7.84—7.88 (m, 4H). 1*C NMR (125 MHz, CsDs):
6 =25.1(d, J =2 Hz), 26.1, 26.6 (d, J = 13 Hz), 37.3 (d, J = 74 Hz), 128.6 (d, J = 11 Hz), 131.1,
131.4 (d, J = 8 Hz), 134.2 (d, J = 93 Hz) ppm. 3P NMR (202 MHz, CsDs): d = —3.8 ppm.

3.4 Tricyclohexylphosphine

SRe

CigHasP
Prepared from tricyclohexylphosphine oxide (47 mg, 0.16 mmol), phenylsilane (61 mg, 0.56 mmol,
3.5 equiv), and tris(pentafluorophenyl)borane (8.0 mg, 16 pmol, 10 mol%) according to GP 1. The

reaction mixture was stirred in a sealed tube at 105 °C for 20 h. Purification by flash column
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chromatography on silica gel using cyclohexane:ethyl acetate = 19:1 as eluent afforded
tricyclohexylphosphine (14 mg, 30%) as a white powder.

GLC (SE-54): tr = 22.2 min. mp = 88 °C (cyclohexane). IR (ATR) = 2931, 2855 2656, 2280, 2156,
1618, 1449, 1330, 1278, 1218, 1121, 1037, 1009, 988, 812 cm~. HRMS (APCI) for CisHzsP*
[(M+H)*]: calculated 281.2393, found 281.2388. *H NMR (400 MHz, CsD¢): d = 1.06-1.94 (m,
33H). C NMR (99 MHz, CsDs): & = 27.0, 28.1 (d, J = 10 Hz), 31.7 (d, J = 12 Hz), 32.2 (d, J = 19
Hz) ppm. 3P NMR (202 MHz, CsDs): & = 9.9 ppm

3.5 Diphenylphosphine
H

P

SRe

C:lZHllP
M = 186.19 g/mol

Prepared from diphenylphosphine oxide (1, 33 mg, 0.16 mmol), phenylsilane (61 mg, 0.56 mmol,
3.5 equiv), and tris(pentafluorophenyl)borane (8.0 mg, 16 pmol, 10 mol%) according to GP 1. The
reaction mixture was stirred in a sealed tube at 105 °C for 20 h. Purification by filtering the reaction
mixture through a small pad of silica gel using cyclohexane as eluent afforded diphenylphosphine
(16 mg, 53%) as a clear oil.

GLC (SE-54): tr = 20.1 min. IR (ATR) = 2323, 2280, 1619, 1590, 1483, 1438, 1329, 1198, 1125,
1070, 1026, 944, 919, 812, 742, 718 cm™. HRMS (APCI) for Ci;H12P* [(M+H)*]: calculated
187.0671, found 187.0670. *H NMR (500 MHz, C¢Ds): 6 = 5.20 (d, J = 216 Hz, 1H), 6.99-7.03 (m,
6H), 7.35-7.39 (m, 4H). 13C NMR (126 MHz, C¢Ds): 5 = 128.6, 128.8 (d, J = 6 Hz), 134.3 (d, J =
17 Hz), 135.3 (d, J = 11 Hz) ppm. 3P NMR (202 MHz, C¢Ds¢): d = —40.7 ppm.

3.6  Chlorodiphenylphosphine
Cl

P

SRe

CqoH oCIP

Prepared from diphenylphosphinic chloride (38 mg, 0.16 mmol), phenylsilane (61 mg, 0.56 mmaol,
3.5 equiv), and tris(pentafluorophenyl)borane (8.0 mg, 16 pmol, 10 mol%) according to GP 1. The

reaction mixture was stirred in a sealed tube at 105 °C for 20 h. Purification by filtering the reaction
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mixture through a small pad of silica gel using cyclohexane as eluent afforded
chlorodiphenylphosphine (27 mg, 77%) as an oily clear liquid.

GLC (SE-54): tr = 20.3 min. IR (ATR) = 2388, 2280, 2000, 1618, 1439, 1389, 1329, 1238, 1162,
1120, 998, 945, 811, 750, 727, 697 cm™. *H NMR (500 MHz, CsDg¢): & = 6.94—7.06 (m, 6H), 7.75—
7.82 (m, 4H). C NMR (126 MHz, CgD¢): 6 =128.9 (d, J = 14 Hz), 131.3 (d, J = 12 Hz), 132.9 (d,
J =3 Hz), 134.3 (d, J = 122 Hz) ppm. 3P NMR (202 MHz, CsDs): & = 81.5 ppm.

3.7  Dichlorophenylphosphine
Cl

b\
o

CeHsClLLP

Prepared from phenylphosphonic dichloride (31 mg, 0.16 mmol), phenylsilane (61 mg, 0.56 mmol,
3.5 equiv), and tris(pentafluorophenyl)borane (8.0 mg, 16 pmol, 10 mol%) according to GP 1. The
reaction mixture was stirred in a sealed tube at 105 °C for 20 h. Purification by filtering the reaction
mixture through a small pad of silica gel using cyclohexane as eluent afforded
dichlorophenylphosphine (10 mg, 35%) as a clear liquid.

IR (ATR) = 2380, 1974, 1593, 1487, 1439, 1128, 961, 748, 712, 690 cm. *H NMR (500 MHz,
CeDs): & = 6.89-6.96 (m, 3H), 7.49-7.55 (m, 2H). 3C NMR (126 MHz, C¢Ds): 6 =128.9(d, J=9
Hz), 130.2 (d, J = 32 Hz), 132.6, 140.6 (d, J = 52 Hz) ppm. 3!P NMR (202 MHz, CsDe): & = 161.2

ppm.

3.8 Diphenylphosphine-Borane Complex
BH,

)

Lo

C1oH14BP
M =200.03 g/mol

Prepared from diphenylphosphine oxide (1, 33 mg, 0.16 mmol), phenylsilane (61 mg, 0.56 mmol,
3.5 equiv), tris(pentafluorophenyl)borane (8.0 mg, 16 umol, 10 mol%), and BH3;-SMe; (12 mg,
0.16 mmol, 1.0 equiv) according to GP 1 and GP 2. Purification by flash column chromatography
on silica gel using pure cyclohexane as eluent afforded diphenylphosphine—borane complex (19

mg, 58%) as a greasy solid.
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GLC (SE-54): tr = 15.4 min. IR (ATR) = 2386, 2346, 2279, 2107, 1985, 1483, 1437, 1329, 1133,
1108, 1056, 1027, 1000, 901, 812, 733, 6908 cm~*. *H NMR (500 MHz, CeDs): & = 1.59-2.17 (m,
3H), 5.49 (g, J = 7 Hz, 0.5H), 6.25 (9, J = 7 Hz, 0.5H), 6.95-7.03 (m, 6H), 7.42-7.46 (m, 4H). 3C
NMR (126 MHz, CeDs): 6 = 127.1 (d, J = 56 Hz), 129.1 (d, J = 10 Hz), 131.5 (d, J = 2 Hz), 133.2
(d, J =9 Hz) ppm. 3P NMR (202 MHz, C¢Ds): d = 1.4/.1.7 (m) ppm. !B NMR (160 MHz, CsDs): d
=-39.4 ppm.

3.9 Triphenylphosphine (from Triphenylphosphine Sulfide)

o0

C18H15P
M = 262.29 g/mol

Prepared from triphenylphosphine sulfide (47 mg, 0.16 mmol), phenylsilane (61 mg, 0.56 mmol,
3.5 equiv), and tris(pentafluorophenyl)borane (8.0 mg, 16 pmol, 10 mol%) according to GP 1. The
reaction mixture was stirred in a sealed tube at 105 °C for 20 h. Purification by flash column
chromatography on silica gel using cyclohexane as eluent afforded triphenylphosphine (18 mg,
43%) as a white powder.

GLC (SE-54): tr = 22.1 min. mp = 78 °C (ethyl acetate). IR (ATR) = 3074, 3054, 3016, 2280,
2174, 1592, 1478, 1433, 1381, 1329, 1241, 1128, 1088, 1027, 896, 844, 741, 695 cm™t. HRMS
(APCI) for C1gH16P* [(M+H)*]: calculated 263.0984, found 263.0980. *H NMR (400 MHz, CsDs¢): &
=7.03-7.06 (m, 9H), 7.37-7.41 (m, 6H). *C NMR (99 MHz, CsDs): d = 128.8, 128.9, 134.2 (d, J
=20 Hz), 138.1 (d, J = 13 Hz) ppm. 3P NMR (202 MHz, CsDs): d = -5.6 ppm.
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4 NMR Spectra

Triphenylphosphine (from Triphenylphosphine Oxide)
'H NMR (400 MHz, C¢Dg):

¢
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31p NMR (202 MHz, CgDg): =
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Methyldiphenylphosphine
IH NMR (400 MHz, C¢Dg):
Me

P

BRe
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13C NMR (99 MHz, C¢Dg): nananany -
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31p NMR (202 MHz, CgDg): S
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Cyclohexyldiphenylphosphine
H NMR (400 MHz, C¢Dg):
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13C NMR (99 MHz, C¢Dg):
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31p NMR (202 MHz, CgDg):
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Tricyclohexylphosphine
H NMR (400 MHz, CgDg):

SRe
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13C NMR (99 MHz, C¢Dg): , J P ;_;
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31p NMR (202 MHz, CGDG);
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Diphenylphosphine
IH NMR (500 MHz, C¢Dg):
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13C NMR (126 MHz, C¢Dg): A °‘ “
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31p NMR (202 MHz, CgDg):
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Chlorodiphenylphosphine
H NMR (500 MHz, CgDg):

Cl
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13C NMR (125 MHz, C¢Dg):
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31p NMR (202 MHz, CgDg):
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Dichlorophenylphosphine
*H NMR (400 MHz, C¢Dg):
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13¢c NMR (99 MHz, CGDG); newe -o 1
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31p NMR (202 MHz, C¢D):
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Diphenylphosphine-Borane Complex
1H NMR (500 MHz, C¢Dg):
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13C NMR (126 MHz, C¢Dg):
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31p NMR (202 MHz, CgDg): o
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1B NMR (160 MHz, C¢Dg):
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Triphenylphosphine (from Triphenylphosphine Sulfide)

IH NMR MHz, C¢Dg):
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13C NMR (99 MHz, C¢D):
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.6

31p NMR (202 MHz, CgDg):
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5 General Information for Reduction with Catalyst 2 and 3
All preparations and manipulations were carried out under an anhydrous N, atmosphere using

standard Schlenk and glovebox techniques. All glassware was oven-dried and cooled under
vacuum before use. Commercial available reagents such as silanes, phosphines, phosphine
oxides, B(CsFs)3, and CeDsBr were purchased from Sigma Aldrich, Strem or Apollo Scientific and
used without further purification unless indicated otherwise. [(CsFs)sPF][B(CsFs)s] (3),™
[EtsSi][B(CeFs)4]*2(C7Hs),M 1,3-dimesityl-4,5-dihydroimidazol-3-ium-2-ylidene,?
[(SIMes)PPh;][B(CsFs)4],B! and [(SIMes)PFPh,][B(CeFs)sl. (2),) were prepared following
procedures described in literature. All phosphine oxides that were not commercial available could
be synthesised on a multigram scale using literature procedure starting from the phosphine and
hydrogen peroxide.! CH.Cl,, Et,O, n-pentane, and toluene were dried using an Innovative
Technologies solvent purification system. CsDsBr (Aldrich) was deoxygenated and stored over 4
A molecular sieves before use. Reactions were monitored using NMR spectroscopy. NMR spectra
were obtained on a Bruker Avancelll-400 MHz spectrometer, Varian Agilent DD2 500 MHz
spectrometer, and Varian Agilent DD2 600 MHz spectrometer. Data for *H NMR spectroscopy is
reported as follows: chemical shift (& ppm), multiplicity (s = singlet, d = doublet, t = triplet, q =
guartet, quin = quintet, m = multiplet, dm = doublet of multiplets, b = broad), coupling constant
(Hz), integration. Data for *C NMR is reported in terms of chemical shift (5 / ppm). High-resolution
mass spectra (HRMS) were obtained on a micro mass 70S-250 spectrometer (El), an ABI/Sciex
QStar Mass Spectrometer (DART), or on a JOEL AccuTOF-DART (DART). Mass spectroscopy
experiments were run for isolated products and reaction mixtures, however in some cases the

high fragmentation of compounds or volatility did not allow for mass peak identification.

6 General Procedure A: Reduction of Phosphine Oxides to
Phosphines

All reactions were carried out under identical conditions on a 0.1 - 0.2 mmol scale. In a glove box,
the respective catalyst (2 mol%, 2: 4 mg, 3: 4 mg) was added to a solution of PhSiH3z in C¢DsBr
(0.7 mL). The respective substrate (3: 0.11 mmol, 2: 0.16 mmol) was then added in one
equivalence. The reaction mixture was transferred to a NMR tube, sealed and heat at the reported
conditions. Often the evolution of H, gas could be observed. The reaction could be monitored and

characterized by *H NMR, *C NMR and 3P NMR. Upon completion the mixture was cooled to
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room temperature. Solvent was removed, residue was washed with hexanes and the result was

eluted with dichloromethane through silica affording the final product.

7 Characterization Data for Reduction of Phosphine Oxides

7.1  Triphenylphosphine
PPh,

!H NMR (600 MHz, C¢DsBr): 6 =7.30 (6H), 7.20 (3H), 7.14 (6H) ppm. 3P NMR (243 MHz,
CeDsBr): 6 =-5.4 ppm. 3C NMR (151 MHz, CsDsBr): 6 = 137.6 (d, XJcp = 12 Hz), 128.7, 128.5,
128.4 ppm. HRMS (DART) for CigH17P* [(M+H)*]: calculated 263.098962, found 263.09919.

IH NMR (CsDeBr) reaction mixture PhSH s

-

AMJ A | I' | A A "
95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)
31P{IH} NMR (CesDsBr) reaction mixture
n
240 200 160 120 80 40 0 -40 -80 -140 -200 -260
f1 (ppm

CGDGBF
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7.2 Triethylphosphine

Et,P

S40

IH NMR (600 MHz, CeDsBr): & = 1.21 (dq, 2Jpn = 7, 3Jun = 1 Hz, 6H), 1.94 (m, 9H). 3P NMR (243
MHz, CsDsBr): & =-19.9 ppm. 3C NMR (151 MHz, CeDsBr): & = 20.1 (d, *Jcp = 65 Hz), 9.8 (d,
2Jcp = 13 Hz). HRMS (DART) for CeH1P* [(M+H)*]: calculated 119.098963, found 119.09877.

IH NMR (CsD&Br) reaction mixture

PhSiH 3

e

A

L
810 ‘ 7‘.5 ‘ 7‘.0 ‘ 615 ‘ 610 ‘ 5.‘5 ‘ 510 ‘ 415 ‘ 4‘.0 ‘ 3.‘5 ‘ 310 2‘.5 ‘ 2.‘0 ‘ 115 ‘ 110 ‘ 0.‘5
1 (ppm)
. . —
31P{IH} NMR (CeDsBr) reaction mixture o
-
)0 250 200 150 100 50 0 -50 -100 -150 -200 -250 -3

f1 (ppm)
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7.3  Diphenylphosphine

HP(CgHs),

IH NMR (400 MHz, CsDsBr): & = 7.02 (4H), 6.88(2H), 6.74 (4H), 4.80 (d, *Jpn = 216 Hz, 1H) ppm.
31p NMR{*H} (162 MHz, CsDsBr): & = -40.5 ppm. 31C NMR{*H} (100 MHz, Ce¢DsBr): & = 134.9 (d,
Lep = 11 Hz), 128.6, 128.5, 128.4 ppm.

IH NMR (CsDsBr) reaction mixture

PhSiH s

e

L L .

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

SLP{IH}NMR (C (D ;Br) Reaction Mixture

0 250 200 150 100 50 0 -50 -100 -150 -200 -250 -3
f1 (ppm)
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7.4  (Pentafluorophenyl)bisphenylphosphine
Phap(CsFs)

'H NMR (400 MHz, CD,Cl): & = 7.41 (10H) ppm. 3P NMR{*H} (162 MHz, CD.Cl,): 6 =-24.9 {(t,
3Jpe = 37 Hz) ppm. F NMR (377 MHz, CD,Cl): & =-128.0 (m), -151.2 (t, 3Jrr = 22, “Jer = 4 Hz),
-161.4 (m) ppm. 31C NMR{*H} (100 MHz, CD:Cl,): 6 = 148.7 (d, YJce = 247 Hz), 142.9 (d, Jcr =
253 Hz), 138.1 (d, YJcr = 254 Hz), 133.8 (d, YJcp = 11 Hz), 133.2 (d, 2Jcp = 21 Hz), 129.1 (d, 3Jcp
=7 Hz), 129.8, 115.5 (m) ppm. HRMS (DART) for CigH1:1FsP* [(M+H)*]: calculated 353.051853,
found 353.05277.

'H NMR (CD-Cl») product

JU 1

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

31 P{1H} NMR (CD ,Cl'5) Product

24.61
/2485
-25.08

240 200 160 120 80 40 0 -40 -80 -120
f1 (ppm)

-160 -200 -240 -280 -320 -360
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7.5  Tris(pentafluorophenyl)phosphine
P(CsFs)s

31p NMR{!H} (162 MHz, CD.Cl,): d = -74.5 (sept, 3Jpr = 36 Hz) ppm. ¥*F NMR{*H} (377 MHz,
CD:Cl,): & = -130.4 (m), -148.7 (tt, 3Jer = 20 Hz, *Jee = 5 Hz), -160.5 (m) ppm. . *C NMR{*H} (100
MHz, CD2Cl,): & = 148.2 (d, Wcr = 248 Hz), 143.6 (d, YJcr = 259 Hz), 138.2 (d, Lcr = 253 Hz),
104.7 (m) ppm.

31P{IHY NMR (CD,Cl,) reaction mixture BE2ECR R

oy

T T T T T T T T T T T T T T T T T T T T
240 200 160 120 80 60 40 20 O -20 -40 -60 -80 -100 -140 -180 -220 -260 -300 -340
f1 (ppm)

7.6  Bis(diphenylphosphanyl)methane

Ph,P~ >PPh,

IH NMR (600 MHz, CD:Cl,): & = 7.54 (8H), 7.39 (12H), 2.92 (t, 2Jup = 2 Hz, 2H) ppm. 3P NMR
(243 MHz, CD,Cl,): & = -22.4 ppm. 3C NMR (151 MHz, CD2Cl,): & = 138.9 (t, “Jcp = 4 Hz), 133.0
(t, 2Jcp = 10 Hz), 128.8, 128.5 (t, 3Jcp = 4 Hz), 28.2 (t, Lcp = 23 Hz). HRMS (DART) for CasHzsP*
[(M+H)"]: calculated 385.127500, found 385.12786.
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'H NMR (CD>Cl,) reaction mixture

L A

95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)
. . N
31P{IH} NMR (CD-Cl,) reaction mixture N
N
|

280 240 200 160 120 80 40 0 -4 -8 -140 -200 -260
f1 (ppm)

7.7  Bis(diphenylphosphanyl)methane monoxide
@]

thly/\Pth
IH NMR (600 MHz, CD2Cl,): & = 7.75 (4H), 7.47 (10H), 7.28 (6H), 3.13 (d, 2Jup = 13 Hz, 2H) ppm.
3P NMR (243 MHz, CD,Cl,): & =28.2 (d, 2Jpp = 50 Hz), -28.0 (d, 2Jpp = 50 Hz) ppm. *C NMR
(151 MHz, CD,Cl,): & = 139.0 (d, YJcp = 15 Hz, 3Jcp = 7.3 Hz), 134.6 (dd, 2Jcp = 100 Hz, 3Jcp = 2
Hz), 133.3 (3Jcp = 28 Hz), 132.2 (3Jcp = 2.9 Hz) 131.4 (dd, 2Jcp = 9 Hz, “Jcp = 2 Hz) 129.4, 129.1
(d, 3Jcp = 7 Hz), 129.0 (d, “Jcp = 2 Hz) 31.4 (dd, Wcp = 68 Hz, Lcp = 33 Hz).
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H NMR (CD-Cl,) isolated product

N 1

| .

S45

T T T T T T T T T T
5.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
31P{1H} NMR (CD2Cl,) isolated product
4‘5 4‘0 3‘5 36 2‘5 2‘0 £5 lb é (5 —‘5 »]‘.0 —i5 —éO »2‘5 —?LO —?‘:5 —410 »4{5 —éO
1 (ppm)
31P{IHY NMR (CD,Cl,) reaction mixture
88 g g9
g B 58
N0 | N/
8]
PhoE " PEh,
dppm
|| |
3 30 2 20 15 10 5 0 : 10 5 20 25 o s a0 a5

-5
f1 (ppm)
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7.8

Bis(diphenylphosphanyl)butane

thp/\/\/Pth

S46

H NMR (600 MHz, C¢DsBr): 6 = 7.69 (m, 8H), 7.50 (m, 12H), 2.20 (m, 4H), 1.84 (m, 4H) ppm.
31p NMR (243 MHz, CD,Cly): 6 =-16.1 ppm. *C NMR (151 MHz, CD:Cl,): 6 = 139.5 (d, Jcp =
14 Hz), 133.0 (d, 2Jcp = 19 HZ), 128.8, 128.7 (d, 3Jcp = 7 Hz), 27.9, 28.0 (2m) ppm. HRMS (DART)
for CagHa2oP2* [(M+H)*]: calculated 427.174451, found 427.17348.

1.

H NMR (CsDsBr) product

10“0 9‘.5 9.‘0 815 8‘.0 7‘.5 7‘.0 6‘.5 6.‘0 5i5 5.‘0 415 410 3.‘5 310 2‘.5 2.‘0 115 1‘.0 0.‘5 010
f1 (ppm)
31 1 ’Q\)
31p{IH} NMR (CD-Cl) product =
200 150 100 50 0 -50 -100 -150 -200

f1 (ppm)
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7.9 Reaction Mixture for Reduction of 2,2'-bis(diphenylphosphine oxide)-1,1'-
binaphthyl with Catalyst 2

o 2mol% 1
o) 4eq PhSiH4 0] + PPh,
o ISI/\V/A\v/iinahz — thﬁ/A\v/A\v/Pth Ph,P
2 =S d5eg 45% 55%
24h o °

N~ 2]
5 3 3
SP{IH}NMR (C ;D ;Br) Reaction Mixture $ ’:'. 8.
/ I
[ J
([ J
o
|
T T T T T T T T T T T T T T T
20 15 10 5 0 -5 -10 -15 -20 -25 -30 -35 -40 -45 -50
f1 (ppm)

7.10 2,2’-bis(diphenylphosphanyl)-1,1’-binaphthalene

SO
| I PPh,

H NMR (600 MHz, CDCls3): 6 = 7.77 (d, 3Jun = 8 Hz, 2H), 7.71 (d, Jun = 8 Hz, 2H), 7.64 (m, 4H),
7.33-6.95 (m, 18H), 6.79 (m, 2H), 6.70 (d, *Jun = 8 Hz, 2H), 6.53 (d, 3Jun = 8 Hz, 2H) ppm. 3P
NMR (243 MHz, CDClg): & =-15.5 ppm. 13C NMR (151 MHz, CDCl3): & = 145.4 (d, 1Jrc = 4 H2),
138.4 (m), 137.8 (m), 135.9 (m), 134.5 (m), 133.4 (m), 130.2, 130.0, 129.8, 128.9, 127.8 (m),
127.3, 127.1, 126.3 ppm. HRMS (DART) for CasHs3P2" [(M+H)*]: calculated 623.205751, found
623.20513.
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'H NMR (CDCIs) product

S48

A J SV |
9.‘5 9.‘0 8.‘5 810 715 710 615 610 515 510 415 410 315 310 215 210 115 110 015 0‘.0
1 (ppm)
31 P{ 114} NMR (CDCI 3) Product g
=
T T T T T T T T T T T T T T T T
00 260 220 180 140 100 60 20 -20 60  -100 -140 -180 -220 -260  -3C
f1 (ppm)

This reaction was done for the enantiopure (R)-BINAP dioxide as starting materials. Both HPLC

spectra shown below were run in a chiral column (ChiralPak iA), confirming that retention of the

configuration is achieved during the reduction. Racemic mixture of the BINAP dioxide was used

as a reference. Upon completion of catalysis the BINAP product was characterized by
multinuclear NMR and then oxidized with H,O, to regenerate the (R)-BINAP dioxide. The

enantiopure product was characterized by chiral HPLC, no separation could be obtained for the

reduced phosphine product.
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Racemic mixture: 2 peaks observed. t; = 17.68 and 20.99 min.

il

Enantiopure (R) BINAP dioxide as starting material. 1 peak observed. t, = 19.72 min.
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S50

7.11 Reaction Mixture for Reduction of 2,2'-bis(diphenylphosphine oxide)-1,1'-

binaphthyl with Catalyst 2

5mol% 1 O
bph2 4eq PhSiH, bphz
T CeDeBr PPh2
100 deg
24h

OO o, D
PPh2 | PPh,

46% 50% 4%
o o o
31P{1H}(C 4D 5Br) Reaction Mixture
30 58
~ 15 S
NN A
(I e
o
o
|
o [ J
catalyst ‘ !
L n J \\
T T T T T T T T T T T T T T T T T T T T T T T T
45 40 35 30 25 20 15 10 5 0 5 10 15 -20 25 30

f1 (ppm)

7.12  tris(4-(trifluoromethyl)phenyl)phosphane

CF;

3

'H NMR (400 MHz, Cg¢DsBr): 6=7.23 (m, 6H), 7.00 (m, 6H) ppm. 3P{*H} NMR (162 MHz,

C6D5Br): o=

-6.2 ppm. **F NMR (377 MHz, CD.Cl;): 6 =

-63.2 ppm. 3C NMR (100 MHz, CDCly):

5 =141.0 (d, YJpc = 14 Hz), 134.4 (d, 2Jpc = 20 Hz), 132.9 (d, 3Jpc = 11 Hz) 125.9 (m), 125.7 ppm.
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'H NMR (CsDsBr) reaction mixture
PhSiH 3

——_—-»/\J) DRI |V JJ__JL_L A
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

f1 (ppm)
31P{IH} NMR (CesDsBr) reaction mixture

phosphine oxide
N

50 200 140 80 40 0 -4 -8 140 200 260 -320

f1 (ppm)
7.13 (Methoxymethyl)diphenylphosphane

Ph,P” N0

H NMR (400 MHz, CD.Cl,): 6 = 7.50 (m, 4H), 7.40 (m, 6H), 4.23 (d, 2Jpn = 6 Hz, 2H), 3.49 (s,
3H) ppm. 3P{*H} NMR (162 MHz, CD.Cl,): 6 =-20.8 ppm. *C NMR (100 MHz, CD.Cly): 6 =
137.2 (d, YJcp = 13 Hz), 128.7, 128.5, 128.4, 74.1 (d, YJcp = 7 Hz), 60.14 (d, 3Jcp = 8 Hz) ppm.
HRMS (DART) for C14H160OP* [(M+H)*]: calculated 231.093878, found 231.09386.
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'H NMR (CD-Cl») product

e
915 9.‘0 815 810 715 710 6.‘5 610 515 5.‘0 415 410 3.‘5 310 215 2‘.0 115 110 015 010
f1 (ppm)
31p{1H} NMR (CD-Cl,) reaction mixture
1
260 200 140 80 40 0 -20 -80 -140 -200 -260 -320
f1 (ppm)

7.14 1-(4-(diphenylphosphanyl)phenyl)-2,2-dimethylpropan-1-one

0
th@—%

IH NMR (400 MHz, C¢DsBr): & = 7.53 — 7.17 (m, 14H), 1.23 (s, 9H) ppm. 3P{'H} NMR (162 MHz,
CD:Cly): & =-5.5 ppm. 3C NMR (100 MHz, CD,Cl): & = 209.0, 141.6 (d, XJcp = 14 Hz), 139.0,
137.0 (d, e = 11 Hz), 134.2 (d, 2Jcp = 20 Hz), 133.3 (d, 2Jcp = 17 Hz), 129.4, 129.0 (d, 3Jcp = 8
Hz), 128.1 (d, 3Jcp = 7 Hz), 44.5, 28.1 ppm.
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'H NMR (CsDsBr) reaction mixture

PhSiH 3

s

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0 -0.5

1 (ppm)
2
0
_. R |
31p{1H} NMR (CD-Cl,) reaction mixture
240 200 160 120 80 40 0 -40 -80 -140 -200 -260
f1 (ppm)

7.15 4-(diphenylphosphanyl)benzoic acid

@)
OH

IH NMR (600 MHz, CD,Cly): & = 11.87 (b, 1H), 8.07 (m, 2H), 7.41 (m, 12H). 3:P{*H} NMR (243
MHz, CeDsBr): & = -5.3 ppm. 3C NMR (151 MHz, CD,Cl,): &= 171.6, 146.0 (d, YJcp = 15 Hz),
136.6 (d, cp = 11 Hz), 134.4 (d, 2Jcp = 20 Hz), 133.5 (d, 2Jcp = 9 Hz), 130.1 (d, 3Jcp = 6 Hz),
129.6, 129.4, 129.1 (d, 3Jcp = 7 Hz) ppm. HRMS (DART) for CioH150.P* [(M+H)*]: calculated
307.088793, found 307.08901.
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IH NMR (CsD&Br) reaction mixture

PhSiH 3

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

5

31P{*H} NMR (CsDsBr) reaction mixture

T T L T T T T T T T T T T T T T T T T T T T T L T
220 180 140 100 60 20 -20 -60 -100 -140 -180 -220 -260 -3
f1 (ppm)

7.16 2-(diphenylphosphanyl)-N,N-dimethylaniline

Y

H NMR (400 MHz, CD.Cly): & = 7.22 (m, 7H), 7.15 (m, 5H), 6.90 (m, 1H), 6.67 (m, 1H), 2.51 (s,
6H) ppm. 3P{*H} NMR (162 MHz, CD.Cl,): 6 =-13.6 ppm. *C NMR (100 MHz, CD.Cl): 6 =
158.5 (d, 2Jcp = 19 Hz), 138.9 (d, YJcp = 13 Hz), 135.2 (d, YJcp = 11 Hz), 134.1 (d, 2Jcp = 20 Hz),
131.8 (d, Jcp = 10 Hz), 131.3 (d, 3Jcp =3 Hz), 128.6, 128.4 (d, 2Jcp = 12 Hz), 124.8, 121.1 (d, 3Jcp
=3 Hz), 45.6 (d, “Jcp = 4 Hz) ppm. HRMS (DART) for C20H21:NP* [(M+H)*]: calculated 306.141162,
found 306.14168.
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" 14 NMR (CDCl») product

e

S55

A Sl

T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5

T T T T T T T T T T T T T
6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

1 (ppm)
UP{IH}NMR (CD  ,C!,) Product 5
5
T T T T T T T T T T T T T T T T T T T T T T T
240 200 160 120 80 40 0 -40 -80  -120 -160 -200 -240 -280 -320 -360
f1 (ppm)

7.17 2-(diphenylphosphanyl)pyridine

th@

'H NMR (400 MHz, CD,Cl,): & = 8.58 (d, *Jun = 4 Hz, 1H), 7.48 (m, 1H), 7.28 (m, 10H), 7.10 (m,
1H), 7.03 (d, 3Jun = 8 Hz, 1H) ppm. 3P{*H} NMR (162 MHz, C¢DsBr): & =-4.2 ppm. *C NMR
(100 MHz, CDCl,): 6 = 150.6 (d, *Jcp = 12 Hz), 136.8 (d, *Jcp = 11 Hz), 136.0 (d, 3Jcp = 3 Hz),
134.6 (d, 2Jcp = 20 Hz), 132.4 (d, 3Jcp = 9 HZz), 129.4, 128.9 (d, 3Jcp = 7 Hz), 128.3 (d, 2Jcp = 19
Hz), 122.6 ppm. HRMS (DART) for Ci7HisNP* [(M+H)']: calculated 264.094211, found

264.09382.

H NMR (CD>Cl,) reaction mixture
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1
HNMR (CD  2Cl 2) Reaction mixture

70 65 6.0 55 50 45 40 35 30 25 20
f1 (ppm)

Jﬂ% L N

15 10 05 0.0

9.5

31P{IH} NMR (CeDsBr) reaction mixture

T T T T T T
-200 -260 -320

60 200 140 80 40 0 -40  -80 -140
f1 (ppm)

7.18 N-(diphenylphosphanyl)-1,1-diphenyl-N-(p-tolyl)phosphanamine

Ph,P_ _PPh,

\N/

IH NMR (400 MHz, CD,Cly): & = 7.24 (m, 10H), 6.67 (d, 3Jun = 8 Hz, 2H), 6.44 (d, 3Ju = 8 Hz,
2H), 2.09 (s, 3H) ppm. 3P{H} NMR (243 MHz, CD,Cl): & =-40.2 ppm. *C NMR (100 MHz,
CD:Cly): & = 139.8 (t, 2Jcp = 7 Hz), 135.7 (dd, YJcp = 20 Hz, 3Jcp= 7 Hz), 133.6 (d, 2Jcp = 12 Hz),
131.6, 130.1, 129.4, 129.1, 128.4 (d, 3Jcr = 3 Hz), 116.4, 20.9 ppm.



Supplementary Data S57

1H NMR (CD »,€l'») Reaction mixture

T T T T T T T T T T T T T T T

T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)
.
31P{IHY NMR (CD,Cl,) reaction mixture
240 200 160 120 80 40 0 -40 -80 -140 -200 260
f1 (ppm)

7.19 Reaction Mixture for Reduction of N-(diphenylphosphoryl)-P,P-diphenyl-N-(p-
tolyl)phosphinic amide with Catalyst 2

O O O
Y 4 5B §
Ph,P_ _PPh, 5mol% 1 PhoP_ PPh, PhaoP -PP2 PhaP PPN
4eq PhSiH5 + +
CgDgBr
100 deg
24h
52% 19% 23%
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SP{IH}NMR (C (D ;Br) Reaction Mixture

o 0
: 3 . :
A E v e
[

o
(]
|
L J‘J\,J LA

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
55 50 45 40 35 30 25 20 15 10 5 O -5 -10 -15 -20 -25 -30 -35 -40 -45 -50 -55 -60 -65 -70 -75 -80 -85
f1 (ppm)

7.20 (2S,5S)-2,5-diphenylphospholane

Ph

Ph

IH NMR (600 MHz, CeDsBr): & = 7.11 (m, 3H), 6.91 (m, 4H), 6.83 (m, 3H), 3.78 (m, 1H), 3.35 (dt,
e = 186 Hz, 3Jun = 12 Hz, 1H), 3.28 (m, 1H), 2.43 (m, 1H), 2.33 (m, 1H), 1.92 (m, 1H), 1.57 (m,
1H). 31P{*H} NMR (243 MHz, CsDsBr): & = -19.1 ppm. 3C NMR (100 MHz, CsDsBr): & = 41.2 (d,
3Jpc = 11 Hz), 44.9 (d, 2Jpc = 13 Hz), 127.2, 128.6, 141.6, 145.3 (d, *Jpc = 17 Hz) ppm. HRMS
(DART) for CigH1sP* [(M+H)*]: calculated 241.114613, found 241.11457.

'H NMR (CsDsBr) reaction mixture

PhSiH 3

/

L 'S BT

0O 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 O
f1 (ppm)
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SP{IH}NMR (C 4D 5Br) Reaction Mixture

-19.06

A

T

T T T T T T T T T T T T T T

120 80 40 0 -40
f1 (ppm)

240 200 160 -80 -120 -160 -200  -240 -280 -320 -360

1

'H NMR (CsDsBr) reaction mixture

Racemic Mixture w
(R,R) enantimer

T T T T T T T T T T 1

5 40 35 30 25 20 15 10 05 0.0

5 50 4.
f1 (ppm)

r T T T T T T T T

95 90 85 80 75 70 65 6.0 5.

21

31P{IH} NMR (CeDsBr) reaction mixture

F2
Racemic Mixture

(R,R) enantimer F1

140 80 40 0 -20 -80
f1 (ppm)

L L

260 200
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8 Competition Reaction with Catalyst 2 using Triethylsilane

2 mol% 2
0 3eq HSIEt;

+ OPPh; ——=—=x— NR
phAph CeDsBr

50 deg
24h

IHNMR (C D ;Br) Reaction Mixture

I N

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 O
f1 (ppm)

BC{IH}NMR (C 4D 5Br) Reaction Mixture

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
1P{IH}NMR (C (D ;Br) Reaction Mixture
NS
N IR
o 0w
N
N/
catalyst
I
(Wl A \
T T T T T T T T T T T T T T T T T T T T T T T
240 200 160 120 80 40 0 -40 -80 -120 -160 -200 -240 -280 -320 -360

f1 (ppm)
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Competition Reaction with Catalyst 2 using Phenylsilane

S61

1 (ppm)

2 mol% 2
e 3eq PhSiH3 @]
+
I+ oPPhg ST, PPhy PS
Ph Ph 6~5 Ph Ph
50 deg
24h
IHNMR (C D ;Br) Reaction Mixture
—JNM A J L
8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.
f1 (ppm)
BC{IH}NMR (C (D 5Br) Reaction Mixture
J LA
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
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BP{IH}NMR (C 4D 5Br) Reaction Mixture

N~
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10 Reaction of Benzophenone with Catalyst 2 in the Presence of
Phosphine
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11 Stochiometric Reactions with Catalyst 2
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11.1 Stochiometric Reaction of Catalyst 2 with Triphenylphosphine oxide
Mes Mes
N (gpph [B(CeFs)alz * XSOPPhy ———— [ >—PFth [B(CeFs)a]
'\/Pf 2 RT, 12h h
\ CeDsBr OPPh
Mes
°
S8
SEE
31 P{ 1H} NMR CH N
I Ll
240 200 160 ‘20 0 40 -80 -120 -160 -200 -240 280 -320 -360

f1 (ppm)



Supplementary Data S64

11.2 Stochiometric Reaction of Catalyst 2 with Phenylsilane
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Catalyst can be observed when the reaction is performed in DCM.

© < ™
N @ <
%~ -
SIP{IHpNMRCH  ,Cl, V5 |
o
o
iy b I
T T T T T T T T T T T T T T T T T T T T T T T
240 200 160 120 80 40 0 -40  -80 -120 -160 -200 -240 -280 -320 -360

f1 (ppm)



Supplementary Data S65

9 FNMR (DCM, Reaction Mixture)
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Bubbling was observed during the reaction with PhSiH; due to the H, generated that can be

observed in the *H NMR spectrum (see below). This fact is also observed in the catalysis during

phosphine oxide reduction.

4.68

1H NMR (CD ,Cl ,) Reaction Mixture

f1 (ppm)



Supplementary Data S66

12  Full Substrate Scope Table

X mol% <cat>

0] .
3eq PhSiH; .
R-B_R ~ R_P-R
é CGDsBr |'-|{
24h
Substrate Catalyst Silane Temp.[°C] Conversion(%) Product
(x mol%)
0 1(2) PhSiHs 60 70 PEts
Bet, 4b
4a 2(2) PhSiHs 60 >909
1(2) PhSiHs 45 >99
2(2) PhSiHs 45 30
1(2) [SiHMe2].0 100 75
2(2) PHMS 50 0
2(2) PHMS 100 35
0 1(2) PhSiHs 45 >99 PPh,H
Beh,H 5b
5a 2(2) PhSiHs 45 >99
2(2) PMHS 50 90
2(2) PMHS 100 >99
1(2) PMHS 45 13
o) 1(2) PhSiHs 60 60 PPh,H
Beh,ci 5b
6a 2(2) PhSiHs 100 >97
2(2) PMHS 50 Mixture
2(2) PMHS 100 90
o 1(2) PhSiHs 45 50 PPh(CeFs)
Ph" | >C.F 7b
7#; o5 2(2) PhSiHs 45 >99(83)
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Substrate Catalyst Silane Temp.[°C] Conversion(%) | Product
(x mol%)
o 1(2) PhSiH3 45 >99 P(C6Fs)s
CSFS/&\CSFS 8b
N 2(2) PhSiHs 45 >99(85)
2(2) PMHS 100 (5h) >99 (-10 ppm)
2(2) PMHS 100 (24h) Mix (-10 & -74
ppm)
1(2) PMHS 45
0
o o 1(5) 4eq PhSiH3 100 >99(9¢)(35) o
thlyg\ll!)th thp/gg'ﬁphz Y
a 2(5) 4eq PhSiH3 100 4:96 (9b:9¢) Ph,P PP,
1(5) 4eq PhSiHs3 50 84:16 (9b:9c)
e o 1(5) 4eq PhSiH3 100 44:50:4 CCL pen, CCL oo
Ir5Ph2 (10a:10b:10c) Pth ::Pphz
ook 2(5) 4eq PhSiHs 100 7y OO
1 10b 10¢
10a >99 (10c)(48)
1(5) 2eq PhSiH3 100
62:38 (10b:10c)
o o 1(2) 4eq PhSiHs3 50 45:55 (11b:11c) 0
thﬁwﬁphz thﬂ’MPth
11a 2(2) 4eq PhSiHs3 50 >99(11c)(24) LD pp  pen,
4
11
2(2) 4eq PMHS 100 10 (Mix) ¢
o 1(2) PhSiHs 45 80 P
B
jopNot | THC,
FoC (? CFs 2(2) PhSiH3 45 80 1op s
125" .
2(2) PhSiH3 100 >99
2(2) [Me2SiH].0 100 70
0 1(2) PhSiH3 45 >99 Ph,P__O_
PhP_O_ 13b
13a 2(2) PhSiHa 45 >99
2(2) PMHS 50 <5
2(2) PMHS 100 5
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(Me2SiH)20

Substrate Catalyst Silane Temp.[°C] Conversion(%) | Product
(x mol%)
O| 1(2) PhSiH3 45 15 PPh,H
thﬁjf@/ 5b
l4a 1(2) PhSiH3 100 20
2(2) PhSiH3 45 30
1(2) [Me2SiH]20 100 (3d) 20
2(2) [Me2SiH]20 50 (3d) 15
o 1(2) PhSiH3 50 30 PhP,
Ph,P 15;©\n/tBu
1;;@\&/‘3‘1 2(2) PhSiH3 50 >99 0
1(2) PMHS 45 0
0 1(2 PhSiH 50 77 Ph,P
Ph,P @ ° ’ >
\©\ ) 166 ~COOH
1627 "COOH 2(2) PhSiHs 50 >99(71)
2(2) PMHS 50 >99
0 NMe, 1(2) PhSiH3 50 17 Ph,P NMe,
th'*’\© 17b
17a 1(2) PhSiH3 100 >99
2(2) PhSiH3 50 >99(83)
2(2) PMHS 50 0
2(2) PMHS 100 40
o 1(2) PhSiH3 100 51 PhP_
PR 180N~
18a\'\© 2(2) PhSiH3 100 >99
2(2) PMHS 50 0
2(2) PMHS 100 15
6 o 1(2) 4eq PhSiH3 100 19:23 (19b:19c) 0
PhZIS\NJ-"th thﬁ{N,Pth
nga 2(2) 4eq PhSiH3 100 95 (19c) ngb PhaoP. PPNz
19c
2(2) 4eq 100 10
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Substrate Catalyst Silane Temp.[°C] Conversion(%) | Product
(x mol%)
o) 1(5) PhSiHs 100 0 P,
N g N
6N’E‘N 5/ [N]\?)
“l 2(5) PhSiHs 100 0 o 20b
20a
Ph 1(2) 4eq PhSiH3 45 >99(28) Ph
Efp’fo _ ESPH
“OH 2(2) 4eq PhSiH3 45 >99 /
Ph Ph
21a 21b
0 1(2) 4eq PhSiHs; 45 >99 PPh,H
Ph,P 5b
222" 2(2) 4eq PhSiHs 45 >99
S 1(5) PhSiHs 100 77 PPh,
Ph,P 3b
23a 2(5) PhSiHs 100 20
1(2) PhSiHs 100 (3d) 40
1(2) (Me2SiH)20 100 (3d) 20
1(2) (EtO)2MeSiH 100 (3d) 0
1 (4) PhSiHs 100 (5d) 75
2(2) PhSiHs 100 (5d) 75
1(2) PhSiHs 50 0
1(5) PMHS 100 65
N(TMS) 1(5) PhSiHs 100 17 PPh;
PhoB o aa 3b
2(5) PhSiHs 100 25
2(2) PhSiHs 50 40
2(2) PhSiH3 100 (24h) 15
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