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Abstract: P,N phosphinoquinoline based ligands differing by the
nature of the phosphorus substituent (Pr, Ph) were employed to
synthesize a series of cobalt(ll) complexes ([LCoBr;], [L.CoBr](PFs)
and [L’,CoBr](PFs)). The latter were obtained in high yield and
characterized among others by X-ray analysis and elemental analysis.
Complex [L,CoBr](PFs) showed a very good catalytic activity for the
hydrosilylation of various ketones. The catalysis proceeds at a low
catalytic loading (1 mol%) with only 1 equivalent of Ph,SiH, in mild
conditions and was efficient with aliphatic or aromatic ketones giving
moderate to excellent yields of the corresponding silylated ether.

Introduction

The reduction of double and triple bonds is one of the most useful
reaction in organic chemistry. More specifically, the reduction of
carbonyls into alcohols is particularly important in the synthesis of
pharmaceuticals™! and natural products.?! Various methods have
already been developed such as the reduction of carbonyls with
metal hydrides,®! the catalytic hydrogenation with molecular
hydrogen® or with hydrogen transfer agents,® and the use of
transition-metal hydride complexes.® Finally, an alternative
strategy is the hydrofunctionalization”? such as the
hydrosilylationt® which allows the simultaneously formation of C-
H and Si-X (X=C, O, N,...) bonds under mild conditions.

The use of non-noble transition metals such as manganese,?!
iron,X% cobalt,*Y nickell*? and copper*®! has become a major
challenge these last years.!¥l These metals are particularly
interesting because of their higher abundance,* their cheaper
price and lower toxicity!*®! compared to noble metals from periods
5 and 6.1 With this in mind, cobalt catalysis has become more
and more attractive. It was shown to efficiently catalyze cross-
coupling reactions, 8! cycloadditions,*® hydrogen transfers?® and
the activation of unreactive chemical bonds.?Y) For many years,
the hydrosilylation of multiple bonds such as alkene and alkyne??
via cobalt-catalyzed hydrogen transfer reactions has been well
developed. However, cobalt®! or nickel®® catalyzed
hydrosilylation of carbonyl remains underdeveloped compared to
iron?4 and manganesel®® catalysis. Focusing on cobalt, more
eco-compatible than nickel, the hydrosilylation of ketones was
described with in situ formed cobalt complexes?®! while examples
employing well-defined complexes are even rarer.?”l The majority

of them feature tridentate ligands with the exception of the (S,C)
complex reported by Liin 2013 (Figure 1). Those examples exhibit
generally phosphorus- or nitrogen-based ligands. Therefore, we
wonder if bidentate Co complexes gathering these two
functionalities would be interesting for this catalysis. Thus, this
paper reports the synthesis and characterization of novel cobalt
complexes bearing bidentate P,N-ligands and their performances
in the catalytic hydrosilylation of ketones under mild and eco-
friendly conditions.

a) Recently reported Co complexes

A\

@ L2 10
__Co

PMe Y O

N Co-CHZS|Me3
PMe;

OR
AN
Li 2015
Gade 2012
O\PlPr2 R Pr2
\P’Buz CQ\PM“‘3 _H— Co N,

co PMe;
ch < O/PIPFZ P Pra
P! Bu2

Li 2013

o— R=H or NMe,
Guan 2018 Guan 2020 Peters 2015
p tolyl), j‘gl /7\‘/
N— C ./ ~
\Co cl N\Co/ “Mes
p -tolyl),

/L TC%

Moret 2019 Nakazawa 2020 Gade 2020 Koga 2021

b) This work: Novel Co complexes bearing phophinoquinoline ligands

“@

X
| ~
N (PR Ny
L, —p(Pr) S ©
Br\‘“‘Cl" 2 = N/CO\BT PFg
Br s APy,
LCoBr, L,CoBr*

Figure 1. Some examples of Co-complexes catalytically active in the
hydrosilylation of ketones.



Results and Discussion

I. Phosphinoquinoline based cobalt complexes
synthesis

The phosphinoquinolines L (R = 'Pr) and L’ (R = Ph) were
synthesized from 8-bromoquinoline as previously described.?®!
They were reacted with CoBr, in THF (Scheme 1),
coordination induced the loss of the 3!P signal corresponding to
the ligand. Reaction of L with one equivalent of metal precursor
gave a neutral complex analyzed as [LCoBrz], while with half
equivalent of cobalt salt a monocationic complex [L2CoBr](PFe)
was isolated after salt metathesis. Both complexes were obtained
in excellent yields. Because of their paramagnetism, no signal
was observed in their 3*P{*H}v NMR spectrum, while their *H NMR
spectrum showed broad signals between -12 and 200 ppm. The
same coordination was conducted with the diphenylphosphino
ligand L’. As with L, a monocationic complex was formed upon
reaction with half an equivalent of CoBr,. [L’2CoBr](PFs), was
isolated in 92% after salt metathesis. Its *H NMR spectrum did not
show any resonance contrary to L cobalt complexes. Moreover,
the stoichiometric reaction between L’ and CoBr, did not lead to
a neutral monoliganded complex, rather [L’2CoBr](PFs) forms
and some unreacted cobalt salt remained.
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Scheme 1. Synthesis of novel cobalt complexes mono-substituted and di-
substituted by 8-phosphinoquinoline ligands.

The magnetic moment of these 3 cobalt complexes was
measured in solution.?®! The values measured for [LCoBr2],
[L2CoBr](PFs), [L’2CoBr](PFs) were respectively 4.53, 2.19, and
1.91 pg. Thus, the neutral cobalt is a high spin Co' complex
(S=3/2) while the cationic ones are low-spin complexes (S=1/2).
In addition, the obtained cobalt complexes were characterized by
HR-mass spectroscopy; elemental analysis, and X-ray diffraction
analysis. The structure of [LCoBrz] is shown in Figure 2. It
exhibits a tetrahedral geometry around cobalt, all angles around
the metal are in the range 108°-117° only N1-Col-P1 is more
acute because of the presence of the chelate ring. All other
parameters do not deserve specific comments. The structures of
complexes [L2CoBr](PFs) and [L’>CoBr](PFs) are very similar
with a distorted square based pyramidal geometry (Figures 3 and
4). In the coordination plane, the angles around the cobalt atoms
are slightly more acute than in [LCoBr2], with the smaller value
measured for the P-Co-N angles corresponding to the chelate
ligand. Noteworthy, the relative position of the phosphine groups
are different in those two bis-liganded complexes: they are
located trans in [L2CoBr](PFes) and cis in [L’2CoBr](PFs). n-nt

interactions between the aromatic rings may explain their cis
position. In their absence, trans position is preferred probably
because of steric hindrance. In both structures the two Co-N and
Co-P bond lengths are slightly different. Moreover, the Co-Br
bond length is longer with the dialkylphosphine than its diphenyl
congener (2.4385(4) vs 2.385(1) A). This may be ascribed to the
better electron-donating properties of the diisopropylphosphine
group.
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Figure 2. ORTEP representation of complex [LCoBrz] (CCDC 2149630) with
50% ellipsoid probability. Hydrogen atoms are omitted for clarity. Selected bond
lengths (A) and angles (°): Col-Brl 2.3813(6), Col-Br2 2.3499(6), Col-N1
2.036(2), Col-P1 2.3489(9); N1-Col-Br2 111.63(7), N1-Col-P1 85.72(7), N1-
Co1-Brl 108.21(7), Br2-Col1-Brl 115.71(2), Br2-Co1-P1 114.30(3), Br1-Col-
P1117.05(3).
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Figure 3. ORTEP representation of complex [L2CoBr](PFs) (CCDC 2149631)
with 50% ellipsoid probability. Hydrogen atoms are omitted for clarity. Selected
bond lengths (A) and angles (°): Co1-Brl 2.4385(4), Co1-N1 1.983(2), Co1-N2
1.938(2), Co1-P1 2.2450(6), Col-P2 2.2808(6); P1-Col-N1 84.32(5), P2-Col-
N1 95.85(5), P2-Co1-N2 85.40(5), P1-Co1-N2 90.56(5), N1-Co1-Brl 94.53(5),
P1-Co1-Brl 135.53(2), N2-Co1-Brl 89.56(5), P2-Col1-Brl 112.91(2).
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Figure 4. ORTEP representation of complex [L’2CoBr](PFe) (CCDC 2149631)
with 50% ellipsoid probability. Hydrogen atoms are omitted for clarity. Selected
bond lengths (A) and angles (°): Co1-Brl 2.385(1), Co1-N1 1.971(4), Col1-N2
2.027(5), Col1-P1 2.281(2), Col-P2 2.159(2); N1-Co1-N2 93.6(2), P1-Col-N1



85.6(1), P1-Co1-P2 99.67(7), N2-Co1-P2 84.2(2), N1-Co1-Brl 90.8(1), P1-Co1l-
Brl 115.90(5), N2-Co1-Brl 151.1(2), P2-Col-Brl 88.75(5).

II. Catalytic hydrosilylation of ketones

The catalytic activity of these novel Co complexes for the
hydrosilylation of carbonyl compounds was investigated, with a
special attention to deactivated/ electron-rich ketones. In order to
optimize the experimental conditions, the catalytic hydrosilylation
of acetophenone (1a), as a model compound and diphenylsilane,
as the silane source, was first studied in acetonitrile at room
temperature. The performances of the synthesized cobalt
complexes were compared with those of the CoBr, salt (Table 1).
We first observed that the use of complex [LCoBrz] and
[L2CoBr](PFs) gave encouraging results, respectively 61% and
78% vyield of corresponding silyl ether (Table 1, Entry 1 and 2),
whereas complex [L’2CoBr](PFe) or the simple CoBr, showed no
catalytic activity (Table 1, Entry 3 and 4). Moreover, the CoBr; salt
in presence of various commercial ligands such as bipyridine,
phenanthroline or PCys, showed no better results (see Table S2).
When CoBr; was used with 1 or 2 equivalents of the synthesized
ligand L without preformation of the complex, only 27% or 24%
yields were observed respectively (Table 1, Entry 5 and 6) instead
of 61% or 78% (Table 1, Entry 1 and 2). This result demonstrated
the importance to use the well-defined complexes.

Table 1. Optimization of the hydrosilylation of acetophenone.

_SiR,
o R.SiH Cobalt complex 0
+ 39l _—
©)J\ Solvent, r.t., 24 h H
1a 2
a
Silane Catalytic 2a Remaining
Entry (1 equiv) system Solvent (Yield %)@ 1 (%)™
1 PhSiH, [LCoBr:] MeCN 61 39
1 mol%
2 Ph,SiH: [in‘fgag/': F  Mecn  78(95)M 22(5)"!
3 PhoSiH2 [L’2CoBr](PFs) MeCN 0 100
1 mol%
0,
4 PhsSiH, CoBr2 1 mol% MeCN 0 100
. CoBrz21 mol%
5 Ph2SiH2 L 1 mol% MeCN 27 73
. CoBr; 1 mol%
6 Ph2SiH2 L 2 mol% MeCN 24 76
7 PhosiH,  [F2COBI(PFe) oy 88 12
2 mol%
8 PhosiH,  [F2COBH(PFe) oy 97 3
5 mol%
. [L2CoBr](PFe)
9 (EtO):SiH I MeCN 58 26
10 PhsiHs  [L2COBM(PFe) oy 10 85
1 mol%
11 PhSiH: [in"n?(;fg ) MecN 901 101
12 PhaSiHa [L2CoBr](PFe) THE 6 04
1 mol%
13 Ph2SiH2 [inon?(ﬂg:':e) Toluene 0 0

Reaction performed using acetophenone (1 mmol), silane (1 mmol), solvent (1
M), r.t. [a] *H NMR yield using 1,3,5-trimethoxybenzene as internal standard. [b]
Concentration 2 M. [c] Use of 1.5 equivalent of Ph2SiH2.

Furthermore, various catalytic loadings were used and as
expected, yields increased with it (Table 1, Entry 7 and 8): 78%
yield was obtained using 1 mol% of complex [L2CoBr](PFs), 88%
yield using 2 mol% and 97% yield with 5 mol% of catalyst.
Decreasing the catalytic loading to 0.5 mol% lowered the yield to
38% (see Table S3). However, giving the good activity observed
with only 1 mol% of complex [L2CoBr](PFs), we decided to pursue
with this amount.

These first promising results encouraged us to continue the
optimization of the experimental conditions. The nature and the
guantity of silane were investigated. Various silanes were
employed (see Table S4). Satisfactory results were obtained only
with Ph,SiH, and (EtO);SiH (Table 1, Entry 2 and 9). When the
quantity of Ph,SiH, was increased to 1.5 equivalents, yields
improved to 90% (Table 1, Entry 11). Even though better results
were observed with a higher quantity of silane, we decided to
carry out the reaction with only 1 equivalent of Ph,SiH, which is
eco-friendlier. Finally, the temperature and the solvent were
optimized. Similar yields were obtained when the reaction was
carried out at room temperature, 40 °C or 80 °C (see Table S5).
Furthermore, changing the solvent for THF or toluene did not
improve the reaction yield, probably because of the low solubility
of complex [L2CoBr](PFs) in these solvents (Table 1, Entry 12
and 13). Finally, increasing the concentration from 1 M to 2 M
improved the yield to 95% (Table 1, Entry 2). To conclude, the
best experimental conditions were the use of 1 equivalent of
acetophenone 1 with 1 equivalent of Ph,SiH, in presence of 1
mol% of [L2CoBr](PFs) in MeCN (2 M).

To confirm that the reaction is also feasible with the more reactive
aldehyde, benzaldehyde was tested and showed with no surprise
an excellent reactivity yielding 95% of product 2b. With the
optimized conditions in hands, this hydrosilylation protocol was
applied to variously substituted ketones (Scheme 2). In order to
increase the reaction rate, the reaction was carried out at 80 °C
without loss of performance. When methyl substituent was in para
or meta position (2c and 2d), excellent yields were obtained,
respectively 84% and 83%. However, when methyl group was
located in ortho position (2e), the yield decreased to 50%. This
may be the sign of a sensitivity to steric hindrance. But for the
methoxy group no change in yield was observed between o- and
p- substituted substrate (84% vyield for 2f and 2g). These results
showed the good tolerance to electron-donating groups. The use
of more bulky substituents in para position such as a phenyl or a
tertbutyl had no influence on the yield (2h, 85% and 2i, 83%).
However, naphthalene derivative was obtained in moderate yield
(2j, 60%). Furthermore, halogen groups were also well tolerated.
Moderate to excellent yield were obtained using p-chloro (2I,
82%), p-fluoro (2n, 86%), p-bromo (2k, 47%) and m-chloro (2m,
59%). Additionally, various electron-withdrawing groups were well
tolerated, such as p-nitrile (20), p-ester (2p) and p-trifluoromethy!l
(29).

Hydrosilylation of other alkyl substituted ketones was achieved.
With a primary alkyl group on the ketone such as ethyl (2r) or
hexyl (2s) moderate yields were obtained (68% and 60%).
However, when the steric hindrance of this substituent increased
such as isopropyl (2t) or tertbutyl (2u), poor yields were obtained.
Benzophenone also led to a low conversion (2v). These results



confirmed the sensitivity of this reaction to steric hindrance.
Furthermore, other dialkyl ketones gave moderate yields (2w, 2x
and 2y). In order to push further the conversion, as a test reaction,
hydrosilylation of 1t was also performed using an excess of silane
under different conditions. However, the increasing amount of
hydrosilane failed to promote the reactivity, similar yields were
obtained. Only the reaction with 3 mol% cobalt catalyst for longer

time at room temperature gave a slightly better yield. Finally,
hydrosilylation of heterocyclic containing ketones was attempted.
4-Acetylpyridine and 3-acetylthiophen led to very good yields
(80%, 2z and 2z’’), while the furan analogue gave a moderated
one (31%, 2z’).

Reaction performed using ketone (1 mmol), Ph2SiHz (1 mmol), complex [L2CoBr](PFs) (1 mol%), MeCN (2 M), reflux. *H NMR vyield using 1,3,5-trimethoxybenzene

@
Complex [L,CoBr](PFg) . =~
Q _ (1 mol%) OSiHPh, (PR N/
J 4+ PhySiH, >~ NI
R!"” R2 R OR2 = N/C\O'Br PFg
(1 equiv.) (1 equiv.) MeCN (2 M), reflux, 24 h L pPr),
1 2 L,CoBr*
OSiHPh, OSiHPh, /@/CSHPhZ OSiHPh, OSiHPh, OSiHPh, OSiHPh;
2a 2b 2c 2e 2f 2g
98% (87%) 95% (88%) 84% 83% 50% 84% 84%
OSiHPh, OSiHPh, OSiHPh, OSiHPh, OSiHPh, OSiHPh, OSiHPh,

Neaealecasaicalc aiicy

2h 2i 2j 2k 2 2m 2n
85% 83% 60% 47% 83% 59% 86%
OSiHPh, OSiHPh, OSiHPh,
20 2p 2q
97% (74%) 65% 84%
OSiHPh, OSiHPh, OSiHPh, OSiHPh, OSiHPh,

o~ o o

2r 2s 2t
68% (39%) 60% (47%)
50%0]
2w 2x
50% 46% (39%) 67% (37%)

41% (28%)

2u 2v
30% (17%) 41%12] (25%)

OSiHPh, OSiHPh,

ool ta<a

80% 31% 80%

OSIHPh2

as internal standard. Isolated yields of corresponding alcohol in bracket (4 mmol scale reaction). [a] GC yield, [b] yield obtained after 5 days at room temperature

with 3 mol% of catalyst.

Scheme 2. Scope of the reaction.



[ll. Mechanistic investigations

Few experiments were conducted to shed light on the reaction
mechanism (Scheme 3). First, we checked if there is an
interaction between the ketone and the precatalyst in the absence
of silane, no change was observed by *H NMR spectroscopy even
after heating (see Figure S30). When the cobalt complex
[L2CoBr](PFs) is reacted in an NMR tube with the silane, no
reaction occurs at room temperature while a new species forms
upon heating. We observed that the reactions in NMR tube are
slower because of the absence of stirring (see Figure S31). This
explains, in our opinion while it was necessary to heat to observe
a change while the catalytic reactions in vials under stirring can
proceed at room temperature. Our repeated attempts to grow
single crystals from this reaction have failed. Therefore, in order
to evidence the formation of a Co-H complex that should be the
active species in this reaction, two electrophiles were added."
Reaction with CCl, led to the formation of chloroform (64 = 7.58
ppm) while the addition of water produced hydrogen (&4 = 4.57
ppm) (see Figures S33 and S34). Such results are in agreement
with the involvement of a Co-H species. The Co-H complex
supported by L should present a better hydride donor ability B4
than the one formed from [L’2CoBr](PFs). As M-H complexes
involving first row metals are generally less reactive than their
noble congeners, the use of electron rich ligands are particularly
important to enhance their reactivity.F? However, the observed
difference may also result from the difference in geometry of these
complexes which may have consequences on the generation of
the active species or its reactivity.

o
Phk

1a (1.1 equiv.)

Ph,SiH,
(1.1 equiv.)
New [Co] paramagnetic species

(o}
A

N ©
PFs

/ Ph,SiD,

(Prpp—Coy PP (ead)
/ Br

=N

W/

[L,CoBr](PF¢)

Ph,SiH, (1 equiv.)

CCly (1 drop)
[Co] paramagnetic species + CHCIy

Ph,SiH,
(20 equiv.)
H,0 (1 drop)

[Co]-H and/or [Co]-OH
paramagnetic species 2

Scheme 3. Experiments for the study of mechanism.

The catalytic hydrosilylation of acetophenone was also conducted
with Ph;SiD, to ascertain the origin of the H atoms. The formation
of bis-deuterated silyl ether was observed by 'H NMR
spectroscopy (Scheme 4). Because of the presence of a
deuterium alpha to the methyl, those 3 protons resonate as a
singlet (6 = 1.40 ppm) and not a doublet as in 2a (see Figure S28).
Additionally, no signal corresponding to SiHPh, was observed
indicating that the other deuterium is linked to the Si atom and the
absence of H/D scrambling during the course of the reaction.

The kinetics of the reaction with Ph,SiD; differs markedly. First,
we did not observe any change in the NMR spectrum of
[L2CoBr](PFs) upon mixing with Ph,SiD, in an NMR tube, even

after 24 h heating (Scheme 3, see Figure S32). For the catalytic
reaction, 10% conversion was observed with Ph,SiD, after 5 h
reaction, to compare with 90% conversion using Ph,SiH,.
Comparison of reaction rates using Ph,SiH, and Ph,SiD- led to a
kinetic isotopic effect (KIE) of 17 (kuw/kp), meaning that H is
involved in a rate determining bond forming/breaking step (see
Figure S29 and Table S6).53

o Complex [L,CoBr](PFg)

. (1 mol%)
+ Ph,SiD, >
CD3CN (2 M), reflux

(1 equiv.)

_SiDPh
o>
©/%

Scheme 4. Deuterium-labelling experiment using Ph2SiD2 with acetophenone.

(1 equiv.)

The catalytic reaction conducted in presence of Hg showed no
significant difference since the silyl ether was formed in 80% yield
(see Figure S35). This confirms that the reaction is catalysed by
the molecular cobalt catalyst.

The experiments conducted are in favour of a classical
mechanism involving a cobalt-hydride as the active catalyst. In
our case as for othersl?6¢ 272 270, 2711 the hydrosilylation catalytic
reaction works without any hydride additive, therefore the
formation of the active Co-H species may result from o-bonds
interchange at the metal center by the so-called sigma-bond
metathesis.* Coordination of the ketone and its insertion into the
Co-H bond leads to an alkoxo complex which upon reaction with
the silane regenerates the active Co-H complex and releases the
silyl ether (Scheme 5). Given the observed isotopic effect, the rate
determining step is either the ketone insertion or the regeneration
of the active species. The driving force of this last step being the
formation of the Si-O bonds.?*"! Along the process the oxidation
state of the metal should not be modified, suggesting sigma-bond
metathesis.

[Co]"-Br
o)
_SiHPh, l
o]
| Me)LPh
Me” “Ph [Col-H
Ph,
Si
-~ o)
T % "[Co” N\ —Ph
ICo]” NPh AN
[Co] >< HMe
Me H
o
lco]” \—Ph
Ph,SiH, [Col
Me H

Scheme 5. Proposed catalytic cycle.

Conclusion



Cobalt complexes featuring phosphinoquinoline based ligands
were synthesized in high yield and characterized. Differences in
their coordination chemistry and catalytic performances were
evidenced with the change in the P-substituent. Cationic bis-
liganded diisopropylphosphino complex [L2CoBr](PFs) presents
the best catalytic performances in the hydrosilylation of ketones.
The reaction was tolerant to electron-withdrawing or releasing
substituents giving satisfactory to high yields of the corresponding
silyl ether. The proposed mechanism suggests a cobalt hydride
complex as active species. This study shows that bidentate
ligands can be an interesting option for cobalt catalysts in that
reaction. Nevertheless, the reaction seems to be sensitive to the
presence of sterically hindered groups next to the keto group, this
may be overcome by the use of a more flexible ligand structure.
A direction that we wish to pursue in the future.

Experimental Section
General information

All air and moisture sensitive reactions were performed under inert
atmosphere using a vacuum line, inert Schlenk techniques (N2) and a
glove box (Ar, <0.1 ppm H20, <0.1 ppm O3) with oven-dried glassware
unless other notified. 8-(diisopropylposphino)quinoline and 8-
(diphenylposphino)quinoline  were  synthesized following reported
procedures.[28 All other reagents were used as received from commercial
available suppliers (Acros Organics, Alfa Aesar, Fluorochem and Sigma
Aldrich) without further purification unless otherwise noticed. THF, CH2Clz,
pentane, ether and toluene were taken from solvent purification system
(MBraun-SPS). Acetonitrile was distilled and degassed using freeze-pump
technique. CD2Cl> was degassed using freeze-pump technique. Flash
chromatography was performed using an Isolera Prime Biotage
preparative chromatography machine equipped with UV detector and
using pre-packaged Biotage silica column of 50 um particle size. TLC were
realized using TCL silica gel plates from Merck (60 F254) and visualized
by UV detector and permanganate solution heated as developing agent.
NMR spectra were recorded on a Bruker AC-300 SY spectrometer at 300
MHz for *H, 120 MHz for 3'P and 75 MHz for 13C. Solvent peaks were used
as internal references for *H and '3C chemical shifts (ppm). 3*P{*H} NMR
spectra are relative to an 85% HsPO4 external reference. Unless otherwise
mentioned, NMR spectra were recorded at 300 K. The abbreviations used
to indicate the multiplicity of signals are: s (singlet), d (doublet), t (triplet),
g (quadruplet), quint (quintuplet), m (multiple) or a combination of the
above. The coupling constants J were expressed in hertz. The spectra
were analyzed with MestReNova software. Gas chromatography (GC) was
performed on a Perichrom PR2100 2317 Series chromatogram equipped
with a split mode, capillary injection system, flame ionization detector and
an IDBP5 apolar SGE column (25 m x 0.33 mm). Mass spectrometry
experiments were performed on a Tims-TOF mass spectrometer (Bruker,
France). Electrospray source has been used in positive and negative
modes. Samples are prepared in acetonitrile with 0.1 % formic acid at uM
concentration. 2 to 10 pL were introduced without separation with Elute
UHPLC module (Bruker) at a 100 pL min—1 flow rate into the interface of
the instrument. Capillary and end plate voltages were set at 4.5 kV and 0.5
kV for ESI experiments. Nitrogen was used as the nebulizer and drying
gas at 2 bar and 8 L min'%, respectively, with a drying temperature of 220 °C
for ESI source. Tuning mix (Agilent, France) was used for calibration. The
elemental compositions of all ions were determined with the instrument
software Data Analysis, the precision of mass measurement was less than
3 ppm. Elemental analyses were performed to the School of Human
Sciences, Science Center, London Metropolitan University. X-ray
crystallography data were collected at 150 K on a Bruker Kappa APEX I
diffractometer using a Mo-k (A=0.71069A) X-ray source and a graphite
monochromator. The crystal structures were solved using Shelxt®3 or
olex[®® and refined using Shelxl-97 or Shelx|-2014.3% ORTEP drawings

were made using ORTEP 11187 for Windows or Mercury. Details of crystal
data and structure refinements are summarized in table S1.

General procedures for Co complexes synthesis

[LCoBr]: A yellow solution of 8-(diisopropylphosphino)quinoline (540 mg,
2.2 mmol, 1.1 equiv.) in THF (20 mL) was added by cannula to a blue
solution of cobalt bromide (437 mg, 2 mmol, 1 equiv.) in THF (20 mL) at
room temperature. The mixture was stirred at room temperature overnight.
Volatiles were removed under vacuum and the green emerald solid was
washed with ether (3x10 mL). After drying, [LCoBr;] was obtained as a
green emerald solid (921 mg, 1.98 mmol, 99%). Single crystals were
grown in CHz2Clz/pentane layering at room temperature and afforded
emerald crystals. 'H NMR (CD2Clz, 300 MHz, 25 °C): 6 = 198.87 (s, 1.7H),
120.06 (s, 0.7H), 39.34 (s, 1H), 28.80 (d, J = 8.0 Hz, 1H), 17.61 (s, 1H),
14.01 (s, 1H), 9.78 (s, 6H), -6.99 (s, 6H), -11.63 (s, 1H) ppm. HRMS (ESI*):
calculated for [CisH20BrCoNP]* ([M-Br]*): 382.9843; found: 382.9850.
Elemental analysis for CisH20Br2CoNP: calc (%) C 38.82; H 4.34; N 3.02;
found C 38.62; H 4.31; N 2.93. Evans method (C = 0.027 mM, CD2Cl)
peff: 4.53 pg, S=3/2.

[LoCoBr](PFg): A yellow solution of 8-(diisopropylphosphino)quinoline
(741 mg, 3.02 mmol, 2 equiv.) in THF (20 mL) was introduced by cannula
to a blue solution of cobalt bromide (330 mg, 1 mmol, 1 equiv.) in THF (20
mL) at room temperature. The mixture was stirred at this temperature for
3 days. Volatiles were removed under vacuum and the brown solid was
washed with ether (3x10 mL). After drying, KPFe (465 mg, 2.53 mmol, 5
equiv.) and CH2Cl2 (30 mL) were introduced. The mixture was stirred at
room temperature for 3 days. The mixture was let to settle and filtered.
Volatiles were removed under vacuum leading to [L,CoBr](PFs) as a
brown solid (657 mg, 0.85 mmol, >99%). Single crystals were grown in
CH2Cl2/pentane layering at room temperature and afforded brown crystals.
1H NMR (CD2Clz, 300 MHz, 25 °C): = 200.78 (s, 3.4H), 121.69 (s, 0.4H),
39.78 (s, 2H), 29.21 (s, 2H), 17.89 (s, 2H), 14.38 (s, 2H), 9.67 (s, 12H), -
7.24 (s, 12H), -11.46 (s, 2H) ppm. 3P {H} NMR (CD2Clz, 120 MHz, 25 °C):
& = -138.85 (quint, Jpr = 715 Hz) ppm. HRMS (ESI*): calculated for
[CaoH40CON2P2]*  ([M-2Br]*): 382.9843; found: 382.9850. Elemental
analysis for C2sH1sBr2CoNP: calc (%) C 46.53; H 5.21; N 3.62; found C
46.75; H 5.22; N 3.35. Evans method (C = 0.012 mM, CD2Cl2) peff: 2.19
WB, S=1/2.

[L’2,CoBr](PFe): Same procedure as for complex [L,CoBr](PFs) was used.
MeCN and NH4PFs (2.8 mmol, 6.6 equiv.) were used instead for the salt
metathesis. [L',CoBr](PFs) was obtained as a brown solid (352 mg, 0.39
mmol, 92%). Single crystals were grown in CH2Clz2/pentane layering at
room temperature and afforded brown crystals. HRMS (ESI*): calculated
for [Ca2H32BrCoN2P2J2* ([M-Br]*): 549.2002; found: 549.1993. Elemental
analysis for [C42H32BrCoN2P2].PFs 2(CH2Cl2) 0.8(CHsCN): calc (%) C
49.16; H 3.45; N 3.52; found C 48.78; H 3.56; N 3.93. Evans method (C =
0.012 mM, CD2Clz) peff: 1.91 ps, S=1/2.

General procedure for the hydrosilylation of ketones

In the glovebox, Co complex [L.CoBr](PFs) (8 mg, 0.01 mmol, 1 mol%)
was introduced in a 20 mL catalytic vial and the vial was capped. Ph2SiH2
(0,19 mL, 1 mmol, 1 equiv.) and ketone derivative (1 mmol, 1 equiv.) were
added followed by MeCN (2M). After stirring 24 h at reflux, 1,3,5-
trimethoxybenzene (55 mg, 0.33 mmol) was added and volatiles removed
under vacuum. Reaction mixture was analyzed by *H NMR (CDCls, 300
MHz, 25 °C).
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Phosphinoquinoline cobalt(ll) complexes were used for the hydrosilylation of ketones. The diisopropylphosphino containing bisliganded
complex was the most efficient allowing the transformation of variously substituted aliphatic or aromatic ketones at low catalyst loading
and under mild conditions. The involvement of a Co-H complex as the active species was experimentally ascertained.
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