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|. General Considerations

All air- and moisture-sensitive manipulations were carried out using vacuum line, Schlenk and
cannula techniques or in an MBraun inert atmosphere (nitrogen) dry box unless otherwise noted.
All glassware was stored in a pre-heated oven prior to use. The solvents used for air- and
moisture-sensitive manipulations were dried and deoxygenated using literature procedures.!
Deuterated solvents for NMR spectroscopy were distilled from sodium metal under an
atmosphere of argon and stored over 4 A molecular sieves. 2,6-lutidine, 2-methylfuran,
benzofuran, mesitylene, 4-bromotoluene and N,N"-Di-tert-butylcarbodiimide were dried over CaH»
degassed by three freeze-pump-thaw cycles, and distiled under vacuum prior to use.
Cyclohexene was dried over lithium aluminum hydride and distilled prior to use. Carbon monoxide
and hydrogen gases were passed through columns containing 4 A molecular sieves before use.
NaHBEt; (1.0 M toluene or 1.0 M in THF) was purchased from Aldrich. All other reagents were
used as received. P"SiNSi,? p-tolLi,® 4-D-2,6-lutidine,* 2,6-Diamine-N,N"-diethylpyridine?® and
DBPin® were prepared according to literature procedures. 2,6-Diamine-N,N'-diethylpyridine was
distilled under vacuum prior to its use. PP'SINSi was prepared in an analogous way to P"SiNSi
employing p-tolLi instead of PhLi.

'H NMR spectra were recorded on either Varian Inova 400 or Bruker ADVANCE 500
spectrophotometers operating at 400.13 MHz, and 500.46 MHz, respectively. 13C NMR spectra
were recorded on a Varian Inova 400 spectrometer operating at 100.61 MHz. 2°Si and !B NMR
spectra were recorded on a Varian Inova 400 spectrophotometer operating at 79.50 and 128.38
MHz respectively. !B NMR spectra were referenced to BF3;(OEt,) as an external standard. All *H
and C NMR chemical shifts are reported in ppm relative to SiMe, using the *H (chloroform-d:
7.26 ppm; benzene-ds: 7.16 ppm) and *C (chloroform-d: 77.16 ppm; benzene-ds: 128.06 ppm)
chemical shifts of the solvent as a standard. *H NMR data are reported as follows: chemical shift,
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, br = broad, m = multiplet,

app = apparent, obsc = obscured), coupling constants (Hz), integration, assignment. 3C NMR
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data are reported as follows: chemical shift, number of protons attached to carbon (e.g. CH>),
assignment. QC stands for quaternary carbon. Infrared spectroscopy was conducted on a
Thermo-Nicolet iS10 FT-IR spectrometer calibrated with a polystyrene standard.

GC analyses were performed using a Shimadzu GC-2010 gas chromatograph equipped with
a Shimadzu AOC-20s autosampler and a Shimadzu SHRXI-5MS capillary column (15m x
250um). The instrument was set to an injection volume of 1 uL, an inlet split ratio of 20:1, and
inlet and detector temperatures of 250 °C and 275 °C, respectively. UHP-grade S3 helium was
used as carrier gas with a flow rate of 1.82 mL/min. For mixtures containing products with
relatively low molecular weight, the temperature program used was as follows: 60 °C, isothermal
1 min; 15 °C/min to 250 °C, isothermal 2 min. GC yields of 2,6-lutidine, benzofuran and 2-
methylfuran borylation reactions as well as for the kinetic analyses were determined by integration
of the desired product peaks using mesitylene as an internal standard.

Elemental analyses were performed at Robinson Microlit Laboratories, Inc., in Ledgewood,
NJ. Solid-state magnetic moments were determined using a Johnson Matthey Magnetic
Susceptibility Balance that was calibrated with HgCo(SCN)4. High-resolution mass spectra were
obtained at Princeton University mass spectrometry facilities using an Agilent 6210 TOF LC/MS.
Infrared spectroscopy was conducted on a Thermo-Nicolet iS10 FT-IR spectrometer calibrated
with a polystyrene standard.

Single crystals suitable for X-ray diffraction were coated with polyisobutylene oil in a drybox,
transferred to a nylon loop and then quickly transferred to the goniometer head of a Bruker
SMART APEX DUO diffractometer equipped with a molybdenum X-ray tube (A = 0.71073 A) and
a Cu X-ray tube (A = 1.54178 A). Preliminary data revealed the crystal system. The data collection
strategy was optimized for completeness and redundancy using the Bruker COSMO software
suite. The space group was identified, and the data were processed using the Bruker SAINT+

program and corrected for absorption using SADABS. The structures were solved using direct
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methods (SHELXS) completed by subsequent Fourier synthesis and refined by full-matrix least-

squares procedures.

Il. Preparation of {(*'SiNSi)Co} Complexes and Stoichiometric Reactions
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lla. Preparation of [(P"SiNSi)CoCl;]. [(""SiNSi)CoCl;] was prepared by the procedure described
for [(P"SiINSi)CoBr,]” starting from CoCl, (0.075 g, 0.5776 mmol) and P"SiNSi (0.395 mg, 0.5791

mmol) to yield 0.400 g (85% vyield) of a dark red powder identified as [(P"SiINSi)CoCl,].

tEs\u tB\u
Et Et
N ) \SI\ ) / \SI/ )
By \ - 'Bu\ N/ \'\\l
RN t - ¢
CoCl, + 1equiv Et \N;Si: Bu THF, rt, 16 h Et—\N;Si/ |0\CI Bu
N
\N/ \ / c
\ N\
Bu Bu

lIb. Preparation of [(P°'SiNSi)CoCl_]. [("°'SiNSi)CoCl,] was prepared by the procedure described
for [(°"SINSi)CoCl;] starting from CoCl, (0.075 g, 0.5776 mmol) and PP'SiNSi (0.395 mg, 0.5791
mmol) to yield 0.400 g (85% yield) of a dark red powder identified as [(P®'SiINSi)CoCl,]. Anal Calcd

C41Hs3Cl,CoN7Siy: C, 58.62; H, 7.56; N, 11.67. Found: C, 58.60; H, 7.76; N, 11.55.
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llc. Preparation of [(P"SiNSi)CoHs]-NaHBEts (1-Hs-NaHBEts). NaHBEt; (0.30 mL of a 1.0 M
solution in toluene, 0.3000 mmol) was added to a toluene (10 mL) solution of [(""SiNSi)CoCl,]
(0.122 g, 0.1499 mmol) at -95°C in a 20 mL scintillation vial in a nitrogen filled glovebox. The
resulting dark orange solution was let to reach room temperature, stirred for 10 minutes and
vacuum was pulled for 5 minutes. The resulting solution was let to stir at room temperature for 45
minutes and filtered through Celite. Removal of the volatiles under vacuum and washing with
pentane (2 x 3 mL) afforded a yellow powder in a 40% vyield (0.052 g) that was identified as
[(P"SiNSi)CoHs]-NaHBEts. The reaction can be carried out in an analogous way with LiHBEtz. The
conditions employed for the synthesis (time, temperature, vacuum) have been optimized to
minimize the formation of 3-H,(H>) from reaction of the H, formed with the product 1-Hs;-NaHBEts.
Anal Calcd for CssH7sBCoN7NaSiz: C, 63.13; H, 8.15; N, 13.21. Found: C, 62.69; H, 8.40; N, 13.18.
IH NMR (500 MHz, CsDs, 25 °C): 5 7.72 [d (3Jun = 7.6), 2H, 2 CH Ph], 7.22 [t (3Jun = 8.1), 1H, H4
py], 7.15 [m, 2H, 2 CH Ph obscured by residual CsHg], 7.02 [m, 4H, 4 CH Ph], 6.98 [m, 2H, 2 CH
Ph], 5.97 [d (3Jun = 8.1), 2H, H3 py], 3.34 [q (3Jun = 7.0), 4H, CH2-N], 1.59 [br, 9 H, 3 CH3 NaHBEt3],
1.30 [t (3Jun = 7.0), 6H, CH3], 1.27 [s, 36H, CHstBu], 0.99 [br, 6 H, 3 CH2 NaHBEt3], -17.00 [s, 3H,
CoHg). BC{*H} NMR (500 MHz, C¢Ds, 25 °C): d 172.1 [N-C-N silylene], 165.3 [C2 and C6 py],
131.9 [C4 py], 130.9 [Cipso Ph], 129.0 [CH Ph], 127.8 [CH Ph], 127.6 [CH Ph], 95.5 [C3 and C5
py], 54.9 [C(CHa)s], 38.4 [CH2-N], 31.4 [C(CH3)s], 16.1 [br, CH.-B (NaHBEts)], 14.7 [CHsCH:N],

13.2 [br, CHs (NaHBEts)]. 2°Si{*H} NMR (400 MHz, CsDs, 25 °C): & 67.7.
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lld. Preparation of [(P°'SiNSi)CoHs]-NaHBEt; (2-Hs-NaHBEts). NaHBEt; (0.30 mL of a 1.0 M
solution in toluene, 0.3000 mmol) was added to a toluene (10 mL) solution of [(P“'SiNSi)CoCl,]
(0.122 g, 0.1499 mmol) at -95°C in a 20 mL scintillation vial in a nitrogen filled glovebox. The
resulting dark orange solution was let to reach room temperature and stirred for 10 minutes and
vacuum was pulled for 5 minutes. The resulting solution was let to stir at room temperature for 45
minutes and filtered through Celite. Removal of the volatiles under vacuum and washing with
pentane (2 x 3 mL) afforded an orange-brown powder in a 43% yield (0.056 g) that was identified
as [(PP'SINSi)CoHs]-NaHBEt;. Slow evaporation of a diethyl ether (10 mL) solution of 2-
Hs-NaHBEts at room temperature afforded yellow single-crystals suitable for X-ray diffraction. The
reaction can be carried out in an analogous way with LiHBEts. The conditions employed for the
synthesis (time, temperature, vacuum) have been optimized to minimize the formation of 4-H,(H>)
from reaction of the H, formed with the product 2-Hz-NaHBEts.

'H NMR (500 MHz, CgDs, 25 °C): & 7.68 [m, 2H, 2 CH Ph], 7.22 [m, 1H, H4 py obscured by
residual CeHe], 7.00 [m, 4H, 4 CH Ph], 6.84 [d (3Jun = 7.9), 2H, 2 CH Ph], 5.96 [d (*Jun = 8.1), 2H,
H3 py], 3.36 [q (3Ju+ = 7.0), 4H, CH2-N], 1.98 [s, 6H, 2 CHs p-tol], 1.59 [br, 9 H, 3 CHs NaHBEt3],
1.32 [s, 36H, CHstBu], 1.28 [t (3Juu = 7.0), 6H, CHs Et-N], 0.99 [br, 6 H, 3 CH, NaHBEt3], -16.97
[, 3H, CoHa]. 3C{*H} NMR (500 MHz, CeDs, 25 °C): & 172.5 [N-C-N silylene], 165.3 [C2 and C6
py], 140.2 [QC C-CHs p-tol], 130.8 [Cipso p-tol], 129.1 [C4 py], 128.9 [CH Ph], 95.5 [C3 and C5 py],
54.8 [C(CHa)s], 38.4 [CH3CH-N], 31.4 [C(CHs3)3], 20.7 [CH3 p-tol], 16.1 [br, CH,-B (NaHBEts)],

14.7 [CHsCH:N], 13.2 [br, CHs (NaHBEts)]. 22Si{'H} NMR (400 MHz, C4Ds, 25 °C): & 67.1.

S7



— Et /L 2R
N — :
Nl H S DN, s e
B N_T,/ l\‘l 6 equiv HBPin _ XN N\T/ ~n
Bu. Co 7 Bu \
Et \N\Si/ I~ ‘Bu  THF, 80 °C, 10 min Et-\N< ./Clo\ gy
N'/ He ) - Hy, - NaHBEt; ST BPi
}_\N *NaHBEt, }.\ /
Ph Ny P\
u tBU

lle. Preparation of [(P"SiNSi)CoHz(BPin)] (1-(H)2BPin). In a 20 mL scintillation vial in a nitrogen
filled glovebox HBPin (210 uL, 1.4473 mmol) was added to a THF (10 mL) solution of 1-
Hs-NaHBEts (0.210 g, 0.2425 mmol) at 25°C. The resulting dark orange solution was heated up
to 80 °C for 10 minutes and, after cooling down, the solvent was removed under vacuum. The
resulting brown residue was suspended in diethyl ether (10 mL) and collected in a fine frit to yield
an orange powder that was dried under vacuum and identified as 1-(H).BPin. Yield: 65% (0.137
g). The conditions employed for the synthesis (time, temperature) have been optimized to
minimize the formation of [(P°""SiNSi)CoH.(HBPin)] (see below).

'H NMR (500 MHz, C¢Ds, 25 °C): 6 7.98 [d (*Jnn = 7.4), 2H, 2 CH, Ph], 7.33 [t (3Jun = 8.0), 1H,
H4 py], 7.13 [m, 4H, 4 CH Ph obscured by residual C¢Hg], 7.06 [m, 2H, 2 CH Ph], 7.00 [m, 2H, 2
CH Ph], 6.13 [d (®*Jun = 8.0), 2H, H3 py], 3.52 [q (3Jun = 7.0), 4H, CH2-N], 1.45 [s, 42H, CHjs tBu
and CHsCH.-N], 1.42 [s, 12H, CHz BPin], -10.93 [s, 2H, CoHa]. *C{*H} NMR (500 MHz, C¢Ds, 25
°C): 6 170.1 [N-C-N silylene], 165.5 [C2 and C6 py], 134.0 [Cipso Ph], 132.7 [C4 py], 129.9, 129.4,
128.6, 127.5, 127.4 [CH Ph], 95.0 [C3 and C5 py], 79.3 [QC BPin], 54.6 [C(CHs)s], 38.7 [CH2-N],
31.8 [C(CHs)s], 26.1 [CHs BPin], 15.5 [CHsCH:N]. 2Si{*H} NMR (400 MHz, C¢Ds, 25 °C): & 67.3.

1B{H} NMR (400 MHz, C4Ds, 25 °C): & 21.9.
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[If. Preparation of [(P*'SiNSi)CoH2(BPin)] (2-(H).BPin). Compound 2-(H).BPin was prepared in
an analogous way to 1-(H)2.BPin starting from 2-Hz-NaHBEt3 (0.233 g, 0.2610 mmol), HBPin (227
ML, 1.5644 mmol) and THF (10 mL) to yield 0.159 g of an orange powder identified as 2-(H)2BPin
(68% vyield). Slow evaporation of a diethyl ether (10 mL) solution of 2-(H).BPin at room
temperature afforded orange single-crystals suitable for X-ray diffraction. Anal Calcd for
C47H77BCoN7O,Si: C, 62.86; H, 8.64; N, 10.92. Found: C, 62.43; H, 8.30; N, 10.67.

'H NMR (500 MHz, C¢Ds, 25 °C): 6 7.90 [dd (*Jnn = 7.8, “Jnn = 1.8), 2H, 2 CH, p-tol], 7.32 [t (3Jnm
= 8.0), 1H, H4 py], 7.14 [dd (3Jun = 8.6, *Jun = 1.8), 2H, 2 CH p-tol obscured by residual CsHeg],
6.97 [d (3Jun = 7.8), 2H, 2 CH p-tol], 6.89 [d (3Jun = 8.6), 2H, 2 CH p-tol], 6.12 [d (*Jnn = 8.0), 2H,
H3 py], 3.55 [ (Jun = 7.0), 4H, CH2-N], 2.06 [s, 6H, CHs p-tol], 1.49 [s, 42H, CHs tBu and CHsCH.-
N], 1.46 [s, 12H, CHs BPin], -10.91 [s, 2H, CoH]. 3C{*H} NMR (500 MHz, C¢Ds, 25 °C): & 170.1
[N-C-N silylene], 165.2 [C2 and C6 py], 139.2 [QC C-CHjs p-tol], 132.2 [C4 py], 130.8 [Cipso p-tol],
129.3, 128.2 [CH p-tol], 128.1 [2 CH p-tol], 94.5 [C3 and C5 py], 79.0 [QC BPin], 54.2 [C(CHa)4],
38.3 [CH2-N], 31.5 [C(CHa)s], 25.7 [CH3 BPin], 20.8 [CH3 p-tol], 15.1 [CH3CH2N]. #*Si{*H} NMR

(400 MHz, C¢Ds, 25 °C): 6 66.7.

N H S D i HEP sl Den
N |/ N 6 equiv HBPin N N H ~nN )
Bu >cd | > gy ~!/ +  1-(H),BPin

Et—\'N\ L I, 'Bu THF, temperature, 7 h Et—\'N\ /Cl ~ By

N / AN - H,, - NaHBEt; S Hd TH
js NaHBEt; \ BPin
N N
Ph v Py N\ (mixture of stereoisomers)
Bu '‘Bu
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Ilg. NMR monitoring of the reaction of 1-Hs-NaHBEt; with HBPin at 25 °C, 50 °C or 80 °C.
Formation of a mixture of 1-(H),BPin and [(P""SiNSi)CoH2(HBPin)]. HBPin (52 uL, 0.3584
mmol) was added to a solution of 1-Hs;-NaHBEt; (0.052 g, 0.0600 mmol) in THF-dg (0.25 mL) in a
J. Young NMR tube in a nitrogen filled glovebox. The tube was sealed and brought out of the
glovebox. The reaction was monitored by *H NMR at room temperature, 50 °C or 80 °C. When
the reaction was run at 25 °C or 50 °C, a new mixture of stereocisomers with Cs symmetry (&
(hydride in THF-dg) = -8.40 ppm) was concomitantly formed with 1-(H).BPin. On the basis of 1D
and 2D NMR characterization, the new cobalt complex, [(°"HSiNSi)CoH2(HBPin)], is proposed to
be formed as a result of intramolecular hydride migration to the imine in the SiNSi pincer promoted
by o-bond coordination of HBPin. The amount of this complex decreased with increasing
temperature (40% at 25 °C and 25% at 50 °C) and at 80 °C its formation was completely
suppressed affording spectroscopically pure 1-(H).BPin (Figure S41). The formation of this side-
product at 25 °C and 50 °C could be attributed to competing o-coordination of HBPin at
temperatures where 1-Hs;-NaHBEt; does not reach the required energy to surmount the H;
reductive elimination barrier.

Diagnostic NMR signals of [(°""SiNSi)CoH2(HBPin)] (minor component of the mixture). *H
NMR (400 MHz, THF-ds, 25 ©°C): (only signals of the major stereocisomer of
[(PHSINSi)CoH2(HBPIn)] are assigned). & 8.58 [br, 1H, Ph], 7.81 [br, 1H, CH Ph], 7.67 [br, 1H,
CH Ph], 7.57 [br, 1H, CH Ph], 7.55 [br, 1H, CH Ph] 7.33 [br, 1H, CH Ph], 5.94, 5.91 [br, 1H, H3
and H5 py], 5.63 [s, 1H, N-CH-N], 1.35 [s, 24H, CHs 2 tBu and 2 CHs BPin], 1.22 [2 CHs BPin],
1.10 [s, 18H, CHstBul], -8.40 [s, 3H, CoHz(HBPin)]. 23C{*H} NMR (400 MHz, CeDs, 25 °C): 6 174.9
[N-C-N silylene], 161.9, 161.6 [C2 and C6 py], 149.6 [Cipso Ph silyl], 131.7 [CH Ph], 95.2, 93.0 [C3
and C5 py], 80.4, 78.7 [QC BPin], 74.7 [N-CH-N silyl], 54.8, 50.8 [QC tBu], 39.0, 38.1 [CH,-N],

30.9, 30.8 [CHs tBu], 25.1, 24.2 [CHs BPin], 14.4, 14.3 [CHsCH:N].
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IIh. Preparation of [(P™"SiNSi)CoH2(H2)] (3-Hz2(H.)). In a nitrogen filled glovebox, a thick-walled
glass vessel was charged with 0.138 g (0.1593 mmol) of 1-Hs;-NaHBEt; or 0.102 g (0.1172 mmol)
of 1-(H)2BPin, 10 mL of THF and a magnetic stir bar. At the high vacuum line, the whole vessel
was submerged in liquid nitrogen, the solution was frozen and degassed, and 4 atm of H, gas
were admitted at 77 K. The solution was thawed and stirred at 80 °C for 16 h. After cooling down
to room temperature, the solution was frozen at the high vacuum line and the remaining H, was
removed under vacuum. The vessel was brought into the glovebox and the solvent was removed
under vacuum. The resulting brown residue was washed with pentane (2 x 3 mL) and dried under
vacuum affording isolation of a brown powder that was identified as compound 3-H,(H-) (0.032 g,
27% vyield from 1-Hsz-NaHBEts).

H NMR (400 MHz, C¢Ds, 25 °C): (only signals of the major stereoisomer are assigned). & 8.50
[br, 1H, H, Ph], 7.24 [br, 1H, CH Ph], 7.23 [m, 1H, H4 py (obscured by residual CsHs)], 7.15 [m,
6H, 6 CH Ph obscured by residual C¢He], 6.84 [br, 1H, 1 CH Ph], 6.70 [br, 1H, 1 CH Ph], 6.07,
5.87 [br, 1H, H3 and H5 py], 5.82 [s, 1H, N-CH-N], 3.82 [q ((Jun = 7.0), 2H, CH,-N], 3.31 [m, 2H,
CHz-N], 1.42, 1.22 [s, 18H, CHstBu], 0.88 [t (*Ju+ = 6.7), 3H, CH3], 0.82 [t (*(Jnn = 7.4), 3H, CHjg],
-11.57 [s, 4H, CoHa(H,)]. *C{*H} NMR (400 MHz, CeDs, 25 °C): & 173.7 [N-C-N silylene], 163.0,

162.5 [C2 and C6 py], 150.1 [Cipso Ph silyl], 135.1 [C4 py], 131.3 [CH, Ph], 129.7, 128.8, 128.6,
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128.3 [CH Ph], 96.5, 93.3 [C3 and C5 py], 76.8 [N-CH-N silyl], 54.8, 51.1 [C(CHa)s], 39.2, 38.5

[CH2-N], 31.6, 30.8 [C(CHs)3], 14.9, 14.7 [CHaCH:N].

'Bu
Bt | tB‘u
v N Et
\/ / HN\Si/ )>—-—p-to| 4= l\i /N H
~ Na:
By N1/ l\\l 3 lfl T/SI\N>5:Mp-tOI
Et'\'N\ -/CIO\ By 4 atm H, _ tBy 2 N
Si H > Et-\N /CO\ )
N H ! THF, 16 h, 80 °C N e | oH u
}.\N/ \l\jaHBEt3 - NaHBEt; N\' H
p-tol N i i
tBu p-tol \tB(L;mxture of stereoisomers)

[li. Preparation of [(P°""SiNSi)CoHz(H)] (4-H2(H2)). Compound 4-H,(H;) was prepared in an
analogous way to 3-H(H2) starting from 2-Hs-NaHBEt; (0.115 g, 0.1286 mmol). A brown powder
was isolated and was identified as 4-Hx(H>). Yield: 32% (0.032 g).

H NMR (400 MHz, C¢Ds, 25 °C): (only signals of the major stereoisomer are assigned). & 8.35
[d(3Jun = 7.6), 1H, Ho Ph], 7.35 [d(Jun = 7.1), 1H, CH Ph], 7.22 [t(Jw = 8.2), 1H, H4 py], 6.93
[d(3Jun = 7.9), 1H, CH Ph], 6.85 [m, 2H, 2 CH Ph], 6.76 [d(3Ju = 7.7), 1H, CH Ph], 6.71 [br, 1H,
CH Ph, 6.05 [d(®Jun = 8.2), 1H, H3 py], 5.88 [d(®Jnx = 8.2), 1H, H5 py], 5.86 [s, 1H, N-CH-N], 3.80
[q CJum = 7.0), 2H, CHo-N], 3.33 [m, 2H, CH2-N], 2.23, 1.94 [s, 3H, CHs p-tol], 1.53, 1.32 [t (Jun
= 6.7), 3H each, CHsCH:N], 1.42, 1.16 [s, 18H each, CHstBU], -11.59 [s, 4H, CoHa(H2)]. 33C{*H}
NMR (400 MHz, CeDs, 25 °C): & 174.2 [N-C-N silylene], 163.0, 162.5 [C2 and C6 py], 147.1 [Cipso
Ph silyl], 140.2 [C-CHs p-tol], 135.7 [C-CH3; p-tol], 135.1 [C4 py], 131.3 [CH, Ph], 128.8, 128.7,
128.6, 128.3, 128.2, 126.8 [7 CH Ph], 96.5, 93.3 [C3 and C5 py], 76.6 [N-CH-N silyl], 54.7, 51.1
[C(CHs3)s (tBu)], 39.2, 38.5 [CH2-N], 31.6, 30.9 [C(CHz3)s (tBu)], 21.0, 20.8 [CH3 p-tol], 14.9, 14.7

[CH3CH:N].
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XN *I*/ '~q\ -HBPin, -H,

lBu N 1

lj. Preparation of cis-[(P*'SiNSi)CoH(Bf).] (2-H(Bf)2). In a thick-walled glass vessel benzofuran
(100 L, 0.9075 mmol) was added to a solution of 2-Hz-NaHBEt3 (0.133 g, 0.1487 mmol) or 2-
(H)2BPin (0.136, 0.1514 mmol) in THF (10 mL) in a nitrogen filled glovebox. The resulting mixture
was stirred at 50 °C (for 2-Hs-NaHBEts) or at 80 °C (for 2-(H).BPin) for 1 h and 30 minutes. The
vessel was brought into the glovebox and the solvent was removed under vacuum. The resulting
brown residue was suspended in diethyl ether (10 mL) and collected in a fine frit. The yellow solid
was dried under vacuum yielding 0.069 g (from 2-Hs-NaHBEts, 46% yield) or 0.061 g (from 2-
(H)2BPin, 40% yield) of a compound that was identified as 2-H(Bf).. Slow evaporation of a diethyl
ether (10 mL) solution of 2-H(Bf). at room temperature afforded orange single-crystals suitable
for X-ray diffraction.

H NMR (400 MHz, CgDs, 25 °C): & 7.50 [m, 5H, CH p-tol and CH Bf (including C4 Bf)], 7.29 [m,
4H, H4 py and CH p-tol and Bf], 7.10 [m, 3H, and CH p-tol and Bf], 6.91 [m, 3H, CH p-tol and Bf],
6.78 [m, 4H, CH p-tol and Bf], 6.05 [d (3Jun = 8.1), 2H, H3 and H5 py], 3.42 [q (CJun = 7.1), 4H,
CH2-N], 1.95 [s, 6H, CH3 p-tol], 1.33 [t (3Jun = 7.1), 6H, CH3CHN], 1.28 [s, 18H, CHs 2 tBu], 0.95
[s, 18H, CHs 2 tBu], -11.41 [s, 1H, CoH]. *C{*H} NMR (400 MHz, CeDs, 25 °C): & 203.7 [Co-C
trans to H], 194.6 [Co-C trans to py], 171.9 [N-C-N silylene], 164.7 [C2 and C6 py], 161.5, 159.4

[QC C-O Bf], 139.8 [QC C-CHj p-tol], 136.2 [C4 py], 134.2, 134.1 [QC Bf], 128.8 [QC C-CHs p-
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tol], 128.5, 128.0, 127.9, 127.8 [CH p-tol], 120.0, 119.5, 116.8, 116.5, 116.2, 114.7, 114.2, 107.8,
106.6 [CH Bf], 96.2 [C3 and C5 py], 54.5, 54.2 [QC tBu], 39.0 [CHz-N], 30.8, 30.5 [CH; tBu], 20.8

[CHs p-tol], 14.5 [CHsCH,N]. 2Si{*H} NMR (400 MHz, C¢Ds, 25 °C): & 71.3.

Bu
e
- N, A/ Ar
Bu ~_ \Si\N)>’
Et l‘\l tBuN \C|0/ o
= Ne_ A Y—Ar B\~ | > BU
NS~ L/ o
‘Bu \C'/ \ — 6 equi J'kN
BN — Io\H ‘Bu - Ar g
N” H ! O\ H !
).kN/ NaHBEt; / cis-2-H,(Bf)
Ar \'Bu
or

THF-dg
for X = H-NaHBEtj;: 50 °C, time,

— ; N
N P—p-ol - NaHBEt; - H, g |
NN H/S'\N for X = BPin: 80 °C, time = N, AN

By ~N \ : . . T a0 s )>’Ar

m
o
o
c
\j
_—
w
c

- s
Et-\N< e L TR -HBPin NN | / '~y
st' H BPin By \C
Et-\N~ . —°~ O Bu
i w7
-tol N\ / H
7 e X
Ar N
Ar = CgHs, 4-MeCgH, Bu

trans-2-H,(Bf)

IIk. NMR monitoring of the reaction of 2-Hs:-NaHBEts, 1-Hs-NaHBEts or 2-(H).BPin with
benzofuran. Observation of cis- and trans-[(*"SiINSi)CoHz(Bf)] (cis-2-Hx(Bf) and trans-2-
H2(Bf)). Benzofuran (30 uL, 0.2722 mmol) was added to a solution of 2-Hs-NaHBEt; (0.040 g,
0.0447 mmol), 2-(H)2BPin (0.045 g, 0.0501 mmol) or 1-Hs:-NaHBEt3 in THF-ds (0.25 mL) in a J.
Young NMR tube in a nitrogen filled glovebox. The tube was sealed, brought out of the glovebox
and heated up to 50 °C (1-Hs-NaHBEts; and 2-Hs-NaHBEts) or 80 °C (2-(H).BPin). The reaction
was monitored by *H NMR at room temperature allowing identification of the formation of a mixture
cis- and trans-[(*"SiNSi)CoH(Bf)] (Figures S74 and S75). The reaction between 1-Hs;-NaHBEts
and benzofuran was monitored in THF-dg at 50 °C for 45 minutes, the tube was brought into the
glovebox and the volatiles were removed under vacuum. After washing with diethyl ether (2 x 3
mL) a yellow powder was isolated as an spectroscopically pure compound that was identified as

cis-[(P"SiNSi)CoHz(Bf)] (cis-1-Hz(Bf)) and was fully characterized by NMR spectroscopy.
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H NMR (400 MHz, THF-ds, 25 °C): & hydride ligands: -10.05 [s, 2H, trans-2-Hx(Bf)], -11.68 [s,
1H, cis-2-H(Bf),], -14.57 [d(®3Jun = 19.0), 1H, cis-2-Hy(Bf)], -21.57 [d(*Jun = 19.0), 1H, cis-2-
H.(Bf)].

Characterization of cis-1-H(Bf): *H NMR (400 MHz, C¢Ds, 25 °C): 6 7.96 [br, 2H, CH Ph], 7.57
[d (Gdun = 7.1), 1H, CH Bf], 7.30 [m, 2H, H4 py and CH Bf], 7.00 [m, 9H, CH Ph and Bf], 6.03 [br,
2H, H3 and H5 py], 5.61 [br, 1H, CH Bf], 3.27 [m, 4H, CH,-N], 1.24 [br, 24H, CHsCH:N and CHs
2tBu], 0.84[s, 18H, CH3 2 tBul], -15.05 [d(2Jkn = 17.0), 1H, CoH], -23.50 [d(2Jw = 17.0), 1H, CoH].
13C{H} NMR (400 MHz, C¢Ds, 25 °C): & 205.7 [Co-C], 172.2 [N-C-N silylene], 165.0 [C2 and C6
py], 160.4 [QC Ph], 135.9 [C4 py], 133.1, 131.5 [QC Bf], 130.0, 129.9, 128.9, 128.8 [CH Ph],
121.0, 117.8, 115.0, 112.1, 107.4 [CH Bf], 96.4 [C3 and C5 py], 55.0, 54.0 [QC tBu], 38.9 [CH.-

N], 30.9, 30.7 [CHs tBU], 14.6 [CHsCH.N].

t
Bu B\u
Et \ — N!Et /N
—
»—Ph ) ~si7 ) Ph
X S'\ ) 1atm CO N N G / “H N
tBu \ |/ - t—B_U—N Co-=CO t\
Et- \N / I \ tBu CgDeg, rt, 15 min Et \ ;Si/ ,,/// Bu
/ H\ !—| -H,, -NaHBEt; N / (o70)
}.\N “NaHBEt, }5N
Ph \ Ph \tBu

‘Bu

[Im. Preparation of [(P"SiNSiH)Co(CO),] (5-(CO)2). A J. Young NMR tube was charged with
0.052 g (0.0600 mmol) of 1-Hs-NaHBEt; and 0.25 mL of CesDs. At the high vacuum line, the
solution was frozen and degassed and 1 atm of CO gas was admitted at 77 K. The solution was
thawed and a color change from orange to yellow was observed. The tube was brought into the
glovebox and the volatiles were removed under vacuum. After washing with pentane (2 x 3 mL)
a pale-yellow solid was isolated in 75% yield (0.036 g) and was identified as 5-(CO)..
Crystallization from pentane at -35 °C afforded pale yellow crystals suitable for X-ray diffraction.

H NMR (400 MHz, CsDs, 25 °C): & 7.52 [br, 2H, 2 CH Ph], 7.20 [m, H4 py and 6 CH Ph (obscured
by residual C¢He)], 6.89 [br, 1H, 1 CH Ph], 6.67 [br, 1H, 1 CH Ph], 6.49 [s, 1H, Si-H], 5.90 [br, 1H,

H3 py], 5.85 [br, 1H, H5 py], 4.21 [dg (3Jun = 13.5, 3Ju = 6.4), 1H, 1H CH,-N], 3.38 [dq (3 =
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13.5, 3Jun = 6.4), 1H, 1H CH,-N], 3.26 [m, 2H, 2H CH,-N], 1.54 [s, 9H, 3 CHstBu], 1.35 [t (CJun =
6.8), 3H, 1 CH3CH»-N], 1.29 [s, 9H, 3 CHstBu], 1.27 [br, 12H, 3 CH3ztBu and 1 CH3CH--N], 1.10
[s, 9H, 3 CH3tBu]. C{*H} NMR (400 MHz, C¢Ds, 25 °C): d 206.7, 205.6 [2 CQO], 172.6 [N-C-N
silylene], 163.4 [C2 py], 163.0 [N-C=N silyl], 162.4 [C6 py], 138.8 [Cipso Ph] 131.0 [C4 py], 130.2,
129.1, 129.0 [CH Ph], 97.2 [C3 py], 93.1 [C5 py], 54.4, 54.3, 54.3, 53.6 [C(CHa)3], 42.4, 38.2 [CH.-

N], 32.4, 32.1, 30.5, 30.3 [C(CHs)3], 14.8, 13.3 [CHaCH.N].

Bu Bu
Et \ Et ,\\1
— - No
p-tol ) Nsi />———p-tol
) N H/S'\)>" 1atmCO t@j/ “H N
Bu \Clo ! CgDs, rt, 15 min g Etiéu'N /CQ_CO ‘\
Et—\'N\ N By 6De: \ >si 3 B
> § BPin -HBPin N'/ o
\
)
N -tol
-tol p-to tB
Pl gy !

lIn. Preparation of [(°*'SiNSiH)Co(CO),] (6-(C0O)2). Compound 6-(CO). was prepared in an
analogous way to 5-(CO), starting from 2-H,BPin (0.058 g, 0.0646 mmol). Yield: 71% (0.038 g).
NMR (400 MHz, CeDs, 25 °C): & 7.47 [d(3Jnw = 7.5), 2H, 2 CH p-tol], 7.25 [t (CJun = 8.0), 1H, H4
py], 6.85 [m, 3H, 3 CH p-tol], 6.74 [d (*Jun = 7.7), 1H, 1 CH p-tol], 6.65 [m, 2H, 2 CH p-tol], 6.50
[s, 1H, Si-H], 5.91 [d (3Jw = 8.2), 1H, H3 py], 5.86 [d (3Jun = 7.8), 1H, H5 py], 4.24 [dq (Jun =
14.0, 33w = 6.8), 1H, 1H CH-N], 3.39 [dqg (3Jun = 14.0, 3Jun = 5.3), 1H, 1H CH,-N], 3.30 [m, 2H,
2H CH.-N], 2.02 [s, 3H, 1 CHs p-tol], 1.95 [s, 3H, 1 CHs p-tol], 1.57 [s, 9H, 3 CHs tBul], 1.33 [br,

24H, 6 CHstBu and 2 CHsCH,-N], 1.14 [s, 9H, 3 CHztBu], 0.98 [s, 9H, 3 CHs tBu].

. BPin
u
B >~
—
N o Si D) Ph Sl
N I{l |_||/S|\N)>—— 10 equiv B,Pin, BQ/H N + tBu \ I/ \
By N \ ~ BN 8 " t
) _) Et— / \ Bu
Et‘\N\si/ [ Bu  THF, 100 °C, 2 h 30 min \ Sl/ ! \BPm % \ I BRI
Nv/ H/ -Ha, -HBPin, -NaHBEt; L l
}.\N NaHBEL, }_ 1-(H),BPin PinB N  7-(H),BPin
\ \
Ph o

1-H,-NaHBEt,
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llo. Reaction of 1-Hs-NaHBEt; with B2Pin,. Formation of the mixture of 1-(H):BPin and
[(BP"PhSINSI)CoH2(BPin)] (7-(H):BPin). In a nitrogen filled glovebox, B,Pin, (210 g, 0.8270
mmol) was added to a solution of 1-Hs-NaHBEt;(0.072 g, 0.0831 mmol) in THF-ds (10 mL) in a
J. Young NMR tube. The resulting mixture was heated up to 100 °C for 2 h and 30 min. After
cooling down the NMR spectra were registered.

Diagnostic sighals of 7-(H).BPin.

'H NMR (400 MHz, C6D®6, 25 °C): 7.91 [s, Ho B""Ph], -11.40 [CoH,].

13C{*H} NMR (400 MHz, C6D6, 25 °C): & 171.2 [N-C-N silylene], 132.0 [br, C-BPin Ph.

Bu

\ "

—— FUON _ )
) N / )>’® ] . N N ||3/SI\N

N N H N 6 equiv DBPin By \C \

/SI\ D
t ~ Et—\N. ° ‘8
EtEu-N _-Co tE‘a THF, 80 °C, 10 min \ ¢Si/ | gpip
\ s 1 N gp, BY - HBPin N D
N H in \ /
( N
N Bu

Q/I/Sl\ )>’®/ 6 equiv DBPin u@i /SI\

e a0 oe 10 o Et— s / tBu
Et—\—N\Si/ o THF, 80 °C, 10 min \ | \Bpm

- Bpin -HBPin
N / H t

\ tBLI

llp. Reaction of 1-(H).BPin or 2-(H):BPin with DBPin. In a nitrogen filled glovebox, DBPin (37
ML, 0.2550 mmol) was added to a solution of 1-(H).BPin (0.035 g, 0.0402 mmal) or 2-(H)2BPin
(0.038 g, 0.0423 mmol) in THF (0.30 mL) in a J. Young NMR tube. The resulting mixture was
heated up to 80 °C for 10 min. After cooling down the sample, the ?H NMR spectrum was
registered. The sample was brought into the glovebox and the volatiles were removed under
vacuum. The resulting orange residue was dissolved in CsDs and the *H NMR spectrum was

registered.
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lll. Catalyst Resting-State Determination as a Function of Time

llla. For the borylation of 2-methylfuran with HBPin

In a nitrogen-filled glovebox, a J. Young NMR tube was charged with HBPin (37 pL, 0.2550 mmol),
2-methylfuran (22 pL, 0.2484 mmol), 1-Hz-NaHBEts (0.011 g, 0.0127 mmol), mesitylene (10 pL,
0.0719 mmol) and 0.50 mL of THF-ds. The tube was sealed, brought out of the glovebox and
heated to 80 °C in an oil bath. The progress of the reaction as well as the identity of the catalyst
resting state as a function of time was monitored by registering the *H NMR spectrum (at 23 °C)
at different time points (Figures S46-S49). The approximate % yield of 5-BPin-2-methylfuran was
calculated from the relative integrations of characteristic peaks for 2-methylfuran (C4 proton) and
5-BPin-2-methylfuran (C4 proton).

llib. For the borylation of 2,6-lutidine with B2Pin>

In a nitrogen-filled glovebox, a scintillation vial was charged with B2Pin; (0.064 g, 0.2510 mmol),
2,6-lutidine (29 uL, 0.2503 mmol), 0.50 mL of THF-ds and 1-Hs-NaHBEt3(0.033 g, 0.0381 mmol),
2-Hs-NaHBEt3(0.034 g, 0.0380 mmol) or 2-(H).BPin (0.034 g, 0.0379 mmol). Mesitylene (10 L,
0.0719 mmol) was also added to the catalytic reaction with 2-(H).BPin to monitor catalyst
concentration. The tube was sealed, brought out of the glovebox and was heated to 100 °C in an
oil bath. The progress of the reaction as well as the identity of the catalyst resting state as a
function of time was monitored by registering the *H NMR spectrum (at 23 °C) at different time
points (Figures S91-S94 for 1-Hs-NaHBEts, Figures S107-S108 for 2-Hz-NaHBEts; and Figures
S109-S110 for 2-(H):BPin). The approximate % vyield of 4-BPin-2,6-dimethylpyridine was
calculated from the relative integrations of characteristic peaks for 2,6-lutidine (C3 protons) and

4-BPin-2,6-lutidine (C3 protons).
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IV. General Catalytic Procedures

IVa. General procedure for the borylation of 2-methylfuran and benzofuran

In a nitrogen-filled glovebox a glass vessel with a J. Young seal was charged with a magnetic stir
bar, HBPin (37 pL, 0.2550 mmol), 2-methylfuran (22 pL, 0.2484 mmol) or benzofuran (27 pL,
0.2451 mmol), mesitylene (10 pL, 0.0719 mmol), 0.50 mL of THF and 1-Hs;-NaHBEt; (0.011 g,
0.0127 mmol) or 2-H3-NaHBEt3(0.012 g, 0.0134 mmol) or 2-(H).BPin (0.012 g, 0.0134 mmol).
The tube was sealed and the resulting mixture was stirred at 80 °C for 24 hours. The reaction was
then quenched by exposing it to air, the crude reaction mixture was diluted with THF and passed
through a plug of silica gel in a Pasteur pipette and then analyzed by GC chromatography without
additional purification.

IVb. General procedure for the borylation of 2,6-lutidine

In a nitrogen-filled glovebox a glass vessel with a J. Young seal was charged with a magnetic stir
bar, B2Pin, (0.064 g, 0.2510 mmol), 2,6-lutidine (29 uL, 0.2503 mmol), mesitylene (10 pL, 0.0719
mmol), 0.50 mL of THF and 1-Hs-NaHBEt; (0.011 g, 0.0127 mmol) or 2-Hs-NaHBEt3 (0.012 g,
0.0134 mmol) or 2-(H).BPin (0.012 g, 0.0134 mmol),. The tube was sealed and the resulting
mixture was stirred at 100 °C for 24 hours. The reaction was then quenched by exposing it to air,
the crude reaction mixture was diluted with THF and passed through a plug of silica gel in a

Pasteur pipette and then analyzed by GC chromatography without additional purification.
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V. Spectroscopic Data and Additional Information.
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Figure S1. *H NMR spectrum of 1-Hs-NaHBEt; in CsDs at 300 K. The inset is an expanded view
of the hydride region.
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Figure S2. *H,*C-HSQC NMR spectrum of 1-Hz-NaHBEtsz in CsDg at 300 K.

S20



I A

{336,14‘74{‘

A4_39-RAoc18-SiNSiCoH 13C.13.ser

k20
t30
t40
t50

60

P [7°
80

{5.97,95.56{Q 90
] : ’ r 100
110
r120
° 130

140

150
(5.97,165.38{. (3.36,165.27{0 r 160

7.74,172.12 7.03,172.09 )
< 8 A ) [ 170

180

T T T T T T T T T T T T T T T T T T
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 1.5 1.0 0.5

2 (ppm)

Figure S3. *H,'*C-HMBC NMR spectrum of 1-Hs-NaHBEt; in C¢Ds at 300 K.
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Figure S4. 13C NMR spectrum of 1-Hs-NaHBEt; in CsDs at 300 K.
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Figure S5. 2°Si NMR spectrum of 1-Hz-NaHBEtsz in CsDe at 300 K.
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Figure S6. VT-'H NMR spectrum of 1-Hs-NaHBEts in toluene-ds (hydride region).
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Figure S7. VT-'H NMR spectrum of 1-Hz-NaHBEt; in toluene-ds (aromatic region).
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Figure S28. 13C NMR spectrum of 2-(H).BPin in CsDs at 300 K.
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Figure S29. 2°Si NMR spectrum of 2-(H).BPin in CsDs at 300 K.
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Figure S30. 'H NMR monitoring for the reaction of 1-Hs-NaHBEt; with HBPin in THF-ds at 50°C
showing formation of 1-H,BPin and [(°"""SiNSi)CoH2(HBPin)] (hydride region).
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Figure S31. *H NMR monitoring for the reaction of 1-Hs-NaHBEt; with HBPin in THF-ds at room
temperature showing formation of 1-H,BPin and [(°P""SiNSi)CoH2(HBPin)] (hydride region).
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Figure S32. 'H NMR spectra for the reaction of 1-Hs-NaHBEt; with HBPin in THF-ds at different
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(hydride region).
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Figure S34. H, 13C-HSQC NMR spectrum of a mixture of 1-(H).BPin and
[(PHSINSi)CoH2(HBPIN)] (60:40 ratio) in THF-dg in the presence of HBPin at 300 K.
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Figure S35. H, ¥*C-HMBC NMR spectrum of a mixture of 1-(H).BPin and
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Figure S36. 1*C NMR spectrum of a mixture of 1-(H).BPin and [(*""SiNSi)CoH,(HBPin)] (60:40
ratio) in THF-ds in the presence of HBPin at 300 K.
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Figure S37. 'H NMR monitoring of the catalytic borylation of 2-methylfuran with 1 equiv HBPin

and 5 mol% of 1-Hs-NaHBEt; in THF-ds at 80 °C (hydride region).
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Figure S38. 'H NMR monitoring of the catalytic borylation of 2-methylfuran with 1 equiv HBPin
and 5 mol% of 1-Hs-NaHBEtsz in THF-dg at 80 °C (aromatic region).1. after mixing at rt, 2. 10 min
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Figure S39. 'H NMR monitoring of the catalytic borylation of 2-methylfuran with 0.5 equiv of
B.Pinz and 15 mol% of 1-Hs;-NaHBEts in THF-ds at 80 °C (hydride region).
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Figure S40. 'H NMR monitoring of the catalytic borylation of 2-methylfuran with 0.5 equiv of
B,Pinz and 15 mol% of 1-Hs-NaHBEts in THF-ds at 80 °C (aromatic region). St. mat. = starting
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Figure S41. 'H NMR spectrum of 3-Hz(H:) in C¢Ds at 300 K. The inset is an expanded view of
the hydride region.
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Figure S42. 'H, *H-COSY NMR spectrum of 3-Hx(H) in C¢Ds at 300 K.
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Figure S43. 'H, ¥C-HSQC NMR spectrum of 3-Hz(H.) in C¢Ds at 300 K.
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Figure S44. 'H, *C-HMBC NMR spectrum of 3-Hz(H2) in CsDs at 300 K.
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Figure S45. 13C NMR spectrum of 3-Hz(H2) in CsDs at 300 K.
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Figure S46. 'H NMR spectrum of 4-Hx(H2) in C¢Ds at 300 K. The inset is an expanded view of

the hydride region.
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Figure S47. *H-'H COSY NMR spectrum of 4-H,(H>) in CsDs at 300 K.
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Figure S50. *C NMR spectrum of 4-Ha(H,) in CsDe at 300 K.
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Figure S51. *H-VT NMR spectra of 4-Hz(H>) in toluene-ds (hydride region).
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Figure S52. 'H-VT NMR spectra of 4-Hx(H>) in toluene-ds (aromatic region).
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Figure S53. T, values for the hydride ligands in 4-Hx(H>) in toluene-ds at different temperatures.

A500_RAjul19-15-HSiNSiCoH2H2 2-mefu cat 3h 40m 80C.10.fid
(Ph

Ho. .
[( " SiINSi)CoH,(H,)]
3h 40 min
(35% yield)
A500_RAjul19-15-HSiNSiCoH2H2 2-Mefu cat HBPin 80C 1h20m.10.fid

1h 20 min |
(25% yield)

A500_RAjul19-15-HSiNSiCoH2H2 2-Mefu cat HBPin 80C 40m3.10.fid

40 min
(7% yield)

A500_RAjul19-15-HSiNSiCoH2H2 2-Mefu cat HBPin 80C 5m.10.fid

5 min
(7% yield)

T T T T T T T T T T T T T T T T T
-5 -6 -7 -8 -9 -10 -11 -12 -13 -14 -15 -16 -17 -18 -19 -20 -21

1 (ppm)

Figure S54. 'H NMR monitoring of the borylation of 2-methylfuran with 1 equiv of HBPin and 5
mol% of 3-H,(H>) as precatalyst (hydride region).
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Figure S55. 'H NMR monitoring of the borylation of 2-methylfuran with 1 equiv of HBPin and 5
mol% of 3-Hx(H>) as precatalyst (aromatic region).
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Figure S56. Reaction profile of the borylation of 2-methylfuran with 1 equiv of HBPin and 5
mol% of 3-Hy(H>) as precatalyst from NMR integration.
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Figure S57. Reaction profile of the borylation of 2-methylfuran with 1 equiv of HBPin and 5
mol% of 1-Hz-NaHBEts as precatalyst from NMR integration. Left graph shows starting material
and product monitoring and right graph shows catalyst deactivation over time.
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Figure S58. 'H NMR monitoring of the reaction of 3-Hx(H>) with 6 equiv of HBPin in THF-ds at
80 °C (hydride region).
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Figure S59. *H NMR spectrum of 2-H(Bf). in C¢De at 300 K. The inset is an expanded view of
the hydride region.
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Figure S60. 'H-'H COSY NMR spectrum of 2-H(Bf). in CsDs at 300 K.
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Figure S61. 'H-13C HSQC NMR spectrum of 2-H(Bf). in C¢Ds at 300 K.
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Figure S65. 'H NMR monitoring (10 - 45 min) of the reaction of 2-Hs;-NaHBEt; with 6 equiv of
benzofuran in THF-ds at 50 °C (hydride region).
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Figure S66. 'H NMR monitoring (1 h 10 min — 3 h 35 min) of the reaction of 2-Hs-NaHBEt; with
6 equiv of benzofuran in THF-ds at 50 °C (hydride region).
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Figure S68. 'H NMR monitoring (until 55 min) of the reaction of 1-Hs-NaHBEt; with 1 equiv of
benzofuran in THF-ds at room temperature followed by heating up to 50 °C (hydride region).
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Figure S69. *H NMR monitoring (until 55 min) of the reaction of 1-Hs-NaHBEt; with 1 equiv of
benzofuran in THF-ds at room temperature followed by heating up to 50 °C (aromatic region).
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Figure S71. *H-'H COSY NMR spectrum of cis-[(*"SiNSi)CoHz(Bf)] in CsDs at 300 K.
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Figure S72. 'H-C HSQC NMR spectrum of cis-[(*"SiNSi)CoH(Bf)] in CsDs at 300 K.
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Figure S73. 'H-*C HMBC NMR spectrum of cis-[(""SiNSi)CoH.(Bf)] in C¢Ds at 300 K.
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Figure S74. *C NMR spectrum of cis-[(P"SiNSi)CoH(Bf)] in CsDs at 300 K.
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Figure S75. 'H NMR spectrum of 5-(CO); in CsDs at 300 K.
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Figure S76. 'H-'H COSY NMR spectrum of 5-(CO): in C¢Ds at 300 K.
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Figure S77. 'H-13C HSQC NMR spectrum of 5-(CO). in C¢Ds at 300 K.
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Figure S78. 'H-13C HMBC NMR spectrum of 5-(CO); in CsDs at 300 K.
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Figure S80. *H NMR spectrum of 6-(CO): in C¢Ds at 300 K.
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Figure S81. IR spectrum of 6-(CO). in KBr. The inset is an expanded view of the vCO (2200-

1700 cm™) region.
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Figure S82. 'H NMR monitoring (5 min — 4 h) of the borylation of 2,6-lutidine with 1 equiv of
B.Pinz and 15 mol% of 1-Hs-NaHBEts at 100 °C (hydride region).
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Figure S83. 'H NMR monitoring (5 min — 4 h) of the borylation of 2,6-lutidine with 1 equiv of
B.Pinz and 15 mol% of 1-Hs-NaHBEt; at 100 °C (hydride region).
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Figure S84. 'H NMR monitoring (5 min — 4 h) of the borylation of 2,6-lutidine with 1 equiv of
B2Pinz and 15 mol% of 1-Hs;-NaHBEt; at 100 °C (aromatic region).
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Figure S85. 'H NMR monitoring (10 min — 1 h 40 min) of the reaction of 1-Hs-NaHBEt; with 10

equiv of B2Pinz in THF-dg at 100 °C (aromatic region).
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Figure S86. 'H-'H COSY NMR of the reaction of 1-Hs-NaHBEt; with 10 equiv of B,Pin; in THF-
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Figure S87. 'H NMR spectrum of the 1-H.BPin + 7-H,BPin mixture in the presence of B,Pin; in
THF-dg at 300 K. The inset is an expanded view of the hydride region.
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Figure S88. 'H-'H COSY NMR spectrum of the 1-H.BPin + 7-H.BPin mixture in the presence
of B2Pin, in THF-dg at 300 K.
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Figure S89. 'H-'H COSY NMR spectrum of the 1-H,BPin + 7-H,BPin mixture in the presence
of B2Pin, in THF-ds at 300 K (aromatic region).
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Figure S90. 'H-*C HSQC NMR spectrum of the 1-H,BPin + 7-H,BPin mixture in the presence
of B2Pin2 in THF-ds at 300 K.
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Figure S91. 'H-C HMBC NMR spectrum of the 1-H.BPin + 7-H.BPin mixture in the presence

of B2Pin, in THF-dg at 300 K.
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Figure S92. 'H-¥C HMBC NMR spectrum of the 1-H,BPin + 7-H.BPin mixture in the presence
of B2Pin, in THF-dg at 300 K (aromatic region showing crosspeak between H, Ph and B-bonded

Q).
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Figure S93. *C NMR spectrum of the 1-H.BPin + 7-H.BPin mixture in the presence of B,Pin;
in THF-dg at 300 K. The inset is an expanded view of the aromatic region.
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Figure S94. 'H NMR spectrum of the [(P"9SiINSi)CoDxH.-«(BPin)] (x = 0, 1, 2) mixture of
isotopologues in CsDs at 300 K.
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Figure S95. H (top) and ?H (bottom) NMR spectra of the [(P"ISiNSi)CoDxH2x(BPin)] (x = 0, 1,
2) mixture of isotopologues in C¢Ds and THF respectively at 300 K.
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Figure S96. 'H NMR spectrum of the [(P°'SINSi)CoDxH2«(BPin)] (x = 0, 1, 2) mixture of
isotopologues in CsDs at 300 K.

S67



Ad4_53-RAse19-ptalSiNSiCoH2 Bpin scale. 10.fid ‘

2
I F 'IJI |
| | 'L
‘L,J 'x.Jl Ju. A v k L Jl‘
Ad_2-RAoc19-17-ptolSiNSICoH2Bpin + DBpin 2H benzene.10.fid
Residual C.D,
1

‘|\ % r‘l o
I\ |
hUer"WM “’J\M“W'r”%fﬁ wW\J\/V"ut”’“MIWW“WMWM e MWI.W”WW Wo? “ﬁ'!“" L“WM“'M‘”"“'“MFM'V e ! “WLI,-H

0 9 8 7 6 5 4 3 2 1 0 -1

3 fl?ppmis 7 -8 9 -10 -11 -12 -13 -14 -15 -16 -17 -18
Figure S97. 'H NMR spectrum (top) of 2-(H).BPin and 2H NMR spectrum (bottom) of the
[(PP'SINSI)CoD«H2.«(BPin)] (x = 0, 1, 2) mixture of isotopologues in CsDs and CsHs respectively at

300 K.
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Figure S98. 'H NMR monitoring (5 min — 11 h 35 min) of the borylation of 2,6-lutidine with 1
equiv of BzPin; and 15 mol% of 2-Hs-NaHBEt; at 100 °C (hydride region).
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Figure S99. *H NMR monitoring (5 min — 11 h 35 min) of the borylation of 2,6-lutidine with 1
equiv of B2Pinz and 15 mol% of 2-Hs;-NaHBEtsz at 100 °C (aromatic region).
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Figure S100. *H NMR monitoring (5 min — 19 h) of the borylation of 2,6-lutidine with 1 equiv of
B-Pinz and 15 mol% of 2-(H).BPin at 100 °C (hydride region).
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Figure S101. *H NMR monitoring (5 min — 19 h) of the borylation of 2,6-lutidine with 1 equiv of
B2Pin, and 15 mol% of 2-(H).BPin at 100 °C (1 - 10 ppm region).
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Figure S102. (a) Reaction profile from *H NMR integration of the borylation of 2,6-lutidine with 1
equiv of B2Pin; and 15 mol% of 2-(H),BPin at 100 °C and (b) catalyst concentration decrease in
the borylation reaction from *H NMR integration of the hydride signal against mesitylene as
internal standard.
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Figure S103. (a) 2,6-lutidine disappearance profile from *H NMR integration in the borylation of
2,6-lutidine with 1 equiv of B2Pinz and 15 mol% of 1-Hs-NaHBEts; (maroon) or 2-Hz-NaHBEts
(blue) at 100 °C and (b) linearization to obtain K.
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Figure S104. *H NMR monitoring (1 h 45 min — 5 h 30 min) of the borylation of 2,6-lutidine with
1 equiv of BoPin; and 15 mol% of 1-(H)s-NaHBEtz at 100 °C in the presence of 100 mol% of
cyclohexene in THF-dg (1 - 10 ppm region). Mes = mesitylene.
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Figure S105. *H NMR spectrum of the borylation of 2,6-lutidine with 1 equiv of B,Pin, and 15
mol% of 1-(H)s;-NaHBEtsz at 100 °C in the presence of 100 mol% of cyclohexene in THF-dg after
1 h 45 min of reaction showing formation of cyclohexane. Mes = mesitylene (internal standard).

The inset is an expanded view of the hydride region.
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Figure S106. (a) 2,6-lutidine disappearance profile from *H NMR integration in the borylation of
2,6-lutidine with 1 equiv of B»Pin; and 15 mol% of 1-Hs-NaHBELts; (maroon) or 1-Hs-NaHBEts in
the presence of 100 mol% of cyclohexene (orange) at 100 °C and (b) linearization to obtain Krel.
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Figure S107. *H NMR spectra of the borylation of 2,6-lutidine with 1 equiv of B2Pin, at 100 °C in
THF-ds employing 2. the in-situ activated precatalyst (15 mol% of [(P"SiNSi)CoCl,] + 30 mol%
NaHBEts), 3. 1-Hs-NaHBEts or 4. 1-Hs-NaHBEts in the presence of 100 mol% of cyclohexene
(aromatic region) all showing borylation of the Ph rings of the catalyst. 1. shows the aromatic
region of the H NMR spectrum of the independently synthesized 1-H;BPin + 7-H,BPin mixture.
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