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Synthetic Procedures

General

All manipulations were performed under dry nitrogen using standard Schlenk-line techniques,
or in a conventional nitrogen-filled glovebox. Solvents were dried over appropriate drying
agents and degassed prior to use. NMR spectra were recorded using a Bruker Avance DPX 300
MHz spectrometer at 300.1 (*H) and 75.4 (**C) MHz or a Varian DirectDrive 600 MHz
spectrometer equipped with a triple-resonance HCN cryogenic probe operating at 25 K,
operating at 600.1 (*H) and 150.9 (**C) MHz. Proton and carbon chemical shifts were
referenced internally to residual solvent resonances. Elemental analyses were performed by
S. Boyer at London Metropolitan University. Bi(NON") (1a*)*Y and [Bi(NON™")], ([1b],)"**

were prepared according to published procedures.
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Synthesis of Bi(NON")(OTEMP) (2a)

A solution of TEMPO (0.023 g, 0.15 mmol.) in hexane (5 mL) was added drop wise to a solution
of 1a (0.10 g, 0.15 mmol.) in hexane (5 mL) resulting in an immediate colour change from
deep red to orange. The resulting solution was concentrated in vacuo to ca. 1 mL and stored

at =30 °C overnight to give orange crystals of 2a. Yield 0.079 g (64 %)

Anal. Calcd. for C37HgsBiN30,Si; (848.09): C, 52.40; H, 7.61; N, 4.95 %. Found C, 52.36; H, 7.57;
N, 5.10 %.

'H NMR (C;Ds, 300 MHz, 263 K): & 7.23 (d, J = 7.6 Hz, 2H, m-CsH3)*, 6.93 (t, J = 7.6 Hz, 2H, p-
CeHs), 4.05, 3.77 (sept, J = 6.7 Hz, 2H, CHMe,), 1.62 (d, J = 6.7 Hz, 6H, CHMe;), 1.37 (m, 12H,
CHMe,), 1.25 (d, J = 6.7 Hz, 6H, CHMe,), 1.11 (br, 6H, CMe,), 0.91 (br, 6H, CMe), 0.55, 0.33
(s, 6H, SiMey).

'H NMR (C;Dg, 300 MHz, 313 K): §* 7.00 (t, J = 7.6 Hz, 2H, p-CeHs), 3.90 (br, 4H, CHMe,), 1.48
(br, 12H, CMe,), 1.28 (d, J = 6.7 Hz, 18H, CHMe,), 0.41 (s, 6H, SiMe.).

* m-C¢Hs resonances overlapping with Dg-toluene resonances
3¢ NMR (CeDe, 300 MHz, 298 K): 141.7, 125.5, 124.3 (br) (CsHs)*, 35.4, 29.0, 28.7, 26.1 (br),
25.3, 24.6 (CHMe,, CHMe,, CMe,, CMe,, CH,), 3.79 (SiMe)).

* one C4zH;3 resonance not observed
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Synthesis of Bi(NON™")(OTEMP) (2b)

A solution of TEMPO (0.049 g, 0.32 mmol.) in hexane (5 mL) was added dropwise to a solution
of 1b (0.15 g, 0.16 mmol.) in hexane (5 mL) resulting in an immediate colour change from
orange-red to pale yellow. The resulting solution was concentrated in vacuo to ca. 1 mL and

stored at —30 °C overnight to give orange crystals of 2b. Yield 0.164 (82 %)

Anal. Calcd. for C37HgsBiN30,Si; (639.78): C, 39.42; H, 7.56; N, 6.57. Found C, 39.43; H, 7.68;
N, 6.43.

'H NMR (CeD¢, 600 MHz, 298 K): & 1.48 (br, 4H, CH,), 1.27 (br, 2H, CH,), 1.32 (br, 12H, CMe,)
1.27 (s, 18H, CMe3), 0.55, 0.43 (s, 6H, SiMe;)

'H NMR (C¢Ds, 600 MHz, 333 K): 6 1.48 (d, J = 7.6 Hz, 4H, CH,), 1.41 (br, 2H, CH,) 1.32 (br, 12H,
CMe;) 1.27 (s, 18H, CMe3), 0.50, 0.41 (s, 6H, SiMe,).

3C NMR (C¢De, 600 MHz): & 59.9 (CMe,), 53.1 (CMes), 40.6 (CH,)*, 37.3 (CMes), 17.6 (CH,),
8.2, 6.5 (SiMe,)

* two overlapping CH, resonances
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General procedure for catalytic studies

1a (0.011 g, 0.013 mmol.) or 1b (0.008 g, 0.013 mmol.) was added to a Young’s NMR tube
containing a mixture of TEMPO (0.020 g, 0.13 mmol.) and PhSiH3 (0.005 g, 0.13 mmol.) in C¢De
(0.5 mL). The reaction mixture was heated to 70 °C and monitored at regular intervals using

'H NMR spectroscopy.
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Figure S1 VT 'H NMR spectra of Bi(NON*")(OTEMP) (2a) in C;Ds
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Figure S2 '"H NMR spectra of Bi(NON™")(OTEMP) (2b) in C¢D¢ at 298 K (top) and 333 K (bottom)
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Figure S3 VT 'H NMR spectra of a mixture of Bi(NON"")" (1a*) and Bi(NON"")(OTEMP) (2a) in C¢Ds
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Figure S4 "H NMR spectra of a mixture of Bi(NON™")(OTEMP) (2b) and [Bi(NON™")], ([1b],) at 298 K (bottom) and 343 K (top)
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Figure S5 "H NMR spectrum of the irreversible reaction of Bi(NON*")(TEMPO) (2a) and [Bi(NON™")], ([1b],)
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Figure S6 "H NMR spectra of dehydrosilylation catalysis initiated by Bi(NON"")(OTEMP) (2a) (10 mol%) at 343 K in C¢Ds
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Figure S7 Plot of product formation from the catalytic dehydrosilylation initiated by
Bi(NON"")(OTEMP) (2a) (10 mol%)
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Figure S8 '"H NMR spectra of dehydrosilylation catalysis initiated by Bi(NON"™")(OTEMP) (2b) (10 mol%) at 343 K in C¢Ds
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Figure S9 Plot of product formation from the catalytic dehydrosilylation initiated by
Bi(NON™")(OTEMP) (2b) (10 mol%)
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Calculation for Gibbs free energy[53]

The rate constant (kc) at coalescence temperature (T¢) can be approximated by:

AS
k.= HE/E) (eq. 1)

where:

Ad=difference in chemical shift (in Hz) at the slow exchange limit

Using the Eyring equation, the free energy of activation (AG') can be calculated:
k. = %e(_M*/RTc) (eq. 2)
where:
k = Boltzmann constant (1.381 x 102* J K}
h = Planck constant (6.626 x 10>*J s)
R = gas constant (8.314 ) mol* K )

T. = coalescence temperature (K)

Substitution of the fundamental constants gives the equation:

T
AG* = (1.914x107%)(T()[10.319 + logg (k—c>]

c
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Calculation of Gibbs free energy of activation: concentration dependence

Concentration: 0.0118 mol L™

The coalescence temperature (T.) was found to be approximately 26 °C (299 K). The lowest exchange
limit is found at — 40 °C with the two proton resonances for the CHMe, separated by A 67.4 Hz.

_ m(67.4)
¢ V2
k.= 149.72 s71

The free energy of activation (AG*) can be calculated using eq. 2:

AG* = (1.914x1072)(299)[10.319 + 1 ( 299 >
= (. )(299)[10:319 +1og1o (1755 )]

AG* = 60.77 k] mol™1

Concentration: 0.0236 mol L™

The coalescence temperature (T.) was found to be approximately 23 °C (296 K). The lowest exchange
limit is found at — 40 °C with the two proton resonances for the CHMe, separated by Ad 64.4 Hz.

_ m(64.4)
¢ V2
k.= 143.06s71

The free energy of activation (AGI) can be calculated using eq. 2:

AG* = (1.914x1072)(296)[10.319 + 1 ( 296 >
= (. )(296)[10319 +logyo (= )]

AG* = 60.25 k] mol™!

Concentration: 0.0354 mol L™

The coalescence temperature (T.) was found to be approximately 24 °C (297 K). The lowest exchange
limit is found at — 40 °C with the two proton resonances for the CHMe, separated by A 66.9 Hz.

_ m(66.9)
¢ V2
k.= 148.61s7t

The free energy of activation (AG*) can be calculated using eq. 2:

AG* = (1.914x1072)(297)[10.319 + 1 ( 297 >
= (. )(297)[10:319 +logyo )]

AG* = 60.37 k] mol™!
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Calculation of Gibbs free energy of activation: solvent dependence

THF
Concentration: 0.0118 mol L™

The coalescence temperature (T.) was found to be approximately 16 °C (289 K). The lowest exchange
limit is found at — 40 °C with the two proton resonances for the CHMe, separated by A 51.58 Hz.

m(51.58)

ke =——
V2

k.= 162.04s71

The free energy of activation (AGI) can be calculated using eq. 2:
AG* = (1.914x1072)(289)[10.319 +1 ( 289 >
= (L. )(289)[10. 0810 (75 02/

AG* = 58.47 k] mol™!
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Crystallography

Crystals were covered in inert oil and suitable single crystals were selected under a
microscope and mounted on an Agilent SuperNova diffractometer fitted with an Atlas (2a) or
EOS S2 (2b) detector. Data were collected at the temperature indicated using focused
microsource Mo Ka radiation at 0.71073 A. Intensities were corrected for Lorentz and
polarisation effects and for absorption using multi-scan methods.*" Space groups were
determined from systematic absences and checked for higher symmetry. All structures were

5, refined on F? using all data by full matric least-

solved using direct methods with SHELX
squares procedures with SHELXL-97," within OLEX-2.3,"*" or WinGX.1*® Non-hydrogen atoms
were refined with anisotropic displacement parameters. Hydrogen atoms were placed in
calculated positions or manually assigned from residual electron density where appropriate
unless otherwise stated. The functions minimized were w(F20-F2c), with w = [62(F20) + aP2

+ bP]-1, where P = [max(Fo)2 + 2F2c]/3. The isotropic displacement parameters are 1.2 or 1.5

times the isotropic equivalent of their carrier atoms.

Notes:

2b: The molecule lies on a mirror plane. The methyl carbon atoms of the tBu group are
disordered and were modelled over two positions. The anisotropic displacement factors of
the carbon atoms were constrained to be equal for each component using the EADP

command.
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Table S1 Crystal structure and refinement data for Bi(NON*)(OTEMP) (2a) and

Bi(NON™")(OTEMP) (2b)

CCDC number

Empirical formula

M;

Radiation (wavelength [A])

T [K]

Crystal size [mm]

Crystal system

Space group

a[A]

b [A]

c[A]

al’]

B[]

y ]

VA%

JA

Deatc. [mg m”]

Absorption coefficient [mm™]
20 range for data collection [°]
Reflections collected
Independent reflections (Rint)
Data/restraints/parameters

Final R indices [/ > 2o (/)]
Final R indices (all data)

GOOF on F
Largest diff. peak/hole [e.A®]

* close to bismuth

2a

1582724
C37H64BiN305Si;
848.07

MoKa (A = 0.71073)
120.0(1)

0.20 x 0.09 x 0.06
triclinic

P1 (No.2)
9.8235(5)
11.3232(4)
19.8873(11)
96.254(3)
91.689(4)
115.381(4)
1979.57(18)

2

1.423

4.547

6.9248 to 52.7428
12880

7996 (0.0458)

7996 /0/410
R1=0.038
wR; =0.083
R1=0.045
wR; =0.087

1.027
5.02* and -1.50
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2b

1582725
C21H4sBiN30,Si;
639.78

MoKa (A = 0.71073)
120.0(1)

0.47 x0.29 x 0.22
orthorhombic
Pnma (No. 62)
11.8697(3)
17.1607(4)
13.7508(3)

90

90

90

2800.94(11)

4

1.517

6.4

7.1236 to 58.6874
8659

3412 (0.0276)

3412/0/139
R1=0.024
wR; =0.050
R1=0.031
wR; =0.052

1.036
0.75and -1.20



Figure $10 ORTEP of Bi(NON"")(OTEMP) (2a). Ellipsoids at 30 % probability (hydrogen atoms omitted)
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Figure S11 ORTEP of Bi(NON™")(OTEMP) (2b). Ellipsoids at 30 % probability (' = x, 3/2—y, z, hydrogen atoms omitted)
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Computational Methods

General

All structural optimisations were carried out with the Gaussian 09 suite of programs (Revision
D.01)"% using the density functional method (DFT) with the PBEO hybrid functional®® and
the balanced, polarised def2-TZVP basis-set®*! of triple-C quality. Frequency calculations at
the same level of theory were employed to ensure that the obtained structures are minima

on the potential energy surface.

The bonding was analysed using the Natural Bond Orbital (NBO) approach[‘m] using the NBO

[513]

6.0 program and Wiberg Bond Indices (WBI) were computed.[sml

)[515] were carried out at

Additional Morokuma-Ziegler Energy Decomposition Analyses (EDA
the previously obtained structures with the ADF2014 program.[SIG] The PBE functional®*! and
the TZ2P (Slater Type Orbital) basis set™® were employed along with the relativistic ZORA

Hamiltonian.*”

Molecular and MO graphics and were rendered with GaussView 5.0.9"%% and CYLview (Build

561).1524
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NBO Analysis

Natural Bond Orbitals (NBOs) are orbitals that have been localised to one or two nuclei (or in
the case of multiple centre bonds or strong delocalisation, more than two nuclei) with the
additional condition to maximise the density (the occupation) of these orbitals. Hence, NBOs
are the molecular orbital analogue of finding the Lewis structure, i.e. assigning electron pairs

to atoms as either "core electrons" or "lone pairs") and bonds in optimally compact form.

Table S2 Results of the Natural Bond Orbital (NBO) analysis for Bi(NON®)(OTEMP).

Bi(NON*")(OTEMP) Bi(NON™®")(OTEMP)

(2a) (2b)
r(Bi,O) 2.12 A 2.15 A
WBI(Bi,0) 0.38 0.47
Bi—O (bond) nla Bi:13.0 %
=4.2 % s-;94.9 % p-
0:87.0%
=18.4 % s-; 81.5 % p-
Bi (lone-pair) 92.7 % s-; 7.2 % p- 87.9 % s-; 121 % p-
O (lone-pair) 14.2 % s-; 85.7 % p- 13.7 % s-; 86.2 % p-
99.9 % p- 99.9 % p-
99.9 % p-
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Figure S12 Plots of the Natural Bonding Orbitals of Bi(NON")(OTEMP) (2a) and
Bi(NON™")(OTEMP) (2b). Hydrogen atoms have been omitted for clarity.

Bi(NON”")(OTEMP) (2a) Bi(NON™")(OTEMP) (2b)
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Energy Decomposition Analyses

In general, the interaction energy AEi,: between two systems can be calculated as the
difference between the energies of the individual systems E; and E; and the energy of the

entire system where both fragments are in contact Eiotal.

AEint = Etotal — (El + EZ)

In the case of a chemical bond (e.g. a covalent bond, a donor-acceptor bond, or weak
molecular interactions) that is being described within the realm of molecular orbital theory
(e.g. Kohn-Sham DFT or ab-initio wave function methods), the interaction energy AE;,: can be
decomposed into individual contributions to the total value. In the case of the Morokuma-
Ziegler Energy Decomposition Analysis (MZ-EDA) these term describe electrostatic

interactions, Pauli repulsive orbital interactions, and attractive orbital interactions:

AEint = AEeistat + AEpayii + AEors

The term AEsta: cOorresponds to the classical electrostatic interaction between the two charge
distributions (electrons and nuclei) of the fragments in the structure they assume in the
interacting complex and is usually attractive. The Pauli repulsion AEp,,; comprises the
destabilizing 4-electron repulsive interactions between occupied orbitals and is equated with
repulsive steric interactions. AEp,y;i is calculated by orthonormalising the two molecular wave
functions after AEqistat has been determined. The orbital interaction AE. is then determined
by allowing the molecular wave function to relax to its optimal value in an SCF procedure.
AE, represents the energy change by allowing the two fragment wave functions to mix and
hence includes effects such as charge transfer (i.e. interactions between occupied orbitals on
one fragment with unoccupied orbitals on the other; specifically including the HOMO-LUMO
interactions) and polarization (i.e. orbital mixing on one fragment due to the presence of the

other) and is usually attractive.
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Table S3 Results of the Energy Decomposition Analyses (EDA) for the "covalent" interaction.
All energies in kcal/mol. The total interaction energy of the two fragments is given by the
interaction energy AEi.:. which is the sum of the Pauli repulsion AEp,y;, the electrostatic
interaction AEqtat and the orbital interaction AEgp.

Bi(NON”")(OTEMP) Bi(NON™")(OTEMP)
(2a) (2b)
AEpaui 213.02 214.30
AFegat  —119.35 -119.52
AEor -131.92 -134.37
AEin; -38.26 -39.59

Table S4 Results of the Energy Decomposition Analyses (EDA) for for the "ionic" interaction.
All energies in kcal/mol. The total interaction energy of the two fragments is given by the
interaction energy AEi.:. which is the sum of the Pauli repulsion AEp,y;, the electrostatic
interaction AEqitat and the orbital interaction AEgp.

Bi(NON”")(OTEMP) Bi(NON™")(OTEMP)
(2a) (2b)
AEpaui 184.13 180.24
AEgstat —206.25 -210.11
AE o -132.01 -130.01
AEint -154.13 -159.88
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Si 2.350306 -2.497208 -1.051570

Si 1.761273 2.859221 -1.216313
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