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Low-valent Main-group Catalysis under Ambient
Conditions using a Germylene Cation**

Hemant Kumar*,” Pritam Mahawar*,” Purva Dua,” Vivek Kumar Singh,”” Pratima Shukla,”

Prakash Chandra Joshi,”” Gopalan Rajaraman,

Catalysis using low-valent main-group compounds is usually
done under inert conditions; no example of such catalysis has
been doable entirely in ambient conditions until now. This
aspect is addressed in this work through an air- and water-
stable germylene cation [DPMGe][(OH)B(C4Fs);]1 (2) (DPM=
dipyrromethene); it efficiently catalyzes aldehyde and ketone
hydrosilylations under ambient conditions. Detailed theoretical

Introduction

Many catalysts and reagents in critical processes are air-
sensitive, requiring specialized techniques for handling and
storage. With increasing concerns for energy usage, it is an
essential facet of green chemistry to develop less energy-
intensive methods for chemical production, such as catalyst
systems that are air and moisture-tolerant. Recently, low-valent
main-group chemistry has grown tremendously in its applica-
tion in reactivity, catalysis, and materials."™ As low-valent main-
group compounds are air and moisture-sensitive, all these
applications, including catalysis, must be pursued under inert
conditions. These reactive main-group compounds have worked
mainly as hydroboration, cyanosilylation, and hydrosilylation
catalysts.”"® The first examples of these reactions done using
the low-valent main-group catalysts are briefed here (Fig-
ure 1);"*" however, all the low-valent main-group compounds
used as catalysts until now are referenced here.'”*% Jones and
coworkers used in-situ generated germylene A and stannylene
B (Figure 1) as catalysts for the hydroboration of aldehydes and
ketones."” Cyanosilylation of aldehydes through germylene
catalyst C (Figure 1) was reported by the group of Nagendran.™
Hydrosilylation of CO, using germylene—borane adduct D
(Figure 1) was demonstrated by Kato and coworkers."™®

As no example of low-valent main-group catalysis under
ambient conditions has been reported until now, we report
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studies reveal that compound 2’s stability is bolstered by the
interaction between the anion and germanium’s frontier
orbitals. However, the detachment of the anion (in the solution)
alters the capability of compound 2 to render exceptional
catalytic efficiency. Compound 2 was synthesized under
ambient conditions by the equimolar reaction of DPMGeOH (1)
with B(CFs)s.
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Figure 1. Examples of low-valent main group catalysts that work under inert
conditions (A-D), and DPM stabilized Ge(ll) cation 2 that functions under
ambient conditions.

here such a possibility for the first time, eliminating the need
for glove boxes, Schlenk lines, dry solvents, and special glass-
ware. The catalyst we designed is an air and water-stable
germylene cation [DPMGe][(OH)B(C4F5);] (2). It catalyzes the
hydrosilylation of aldehydes and ketones in the presence of
triethylsilane, offering good efficiency at room temperature.

© 2024 Wiley-VCH GmbH


http://orcid.org/0000-0003-1148-9473
http://orcid.org/0000-0003-1053-8878
https://doi.org/10.26434/chemrxiv-2023-p4rn7
https://doi.org/10.1002/asia.202400692
www.chemasianj.org
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fasia.202400692&domain=pdf&date_stamp=2024-11-29

 Editorial Society

Results and Discussion
Synthesis and Spectra

An equimolar reaction of germylene hydroxide®” 1 with
tris(pentafluorophenyl)borane in THF/toluene afforded germy-
lene cation [DPMGe][(OH)B(C4Fs);] (2) as a reddish-orange solid
in 96% yield (Scheme 1). Compound 2 is soluble in toluene,
tetrahydrofuran, dichloromethane, and chloroform; however,
insoluble in hexane. Compound 2 provided the anticipated
spectral properties during multinuclear ('"H, *C, "F, "'B) NMR
spectroscopic studies. In the '"H NMR spectrum of compound 2,
the resonance signals of the mesityl methyl protons appeared
as three singlets (0 =1.71, 2.12, and 2.31 ppm). A broad singlet
(0=5.04 ppm) was seen for the hydroxyl proton of the
hydroxyborate  anionic; in comparison to that of
[PtMe(bu,bpy)] " [(OH)B(C¢Fs);]~ (I, =3.21 ppm) that has the
same hydroxyborate anionic of compound 2, the value is
downfield shifted (bu,bpy = 4,4'-di-tert-butyl-2,2'-bipyridine).®
The pyrrolic and mesityl groups’ aromatic protons resonate as
two doublets (0 =6.48 and 7.14 ppm) and singlets (6 =6.87 and
6.89 ppm), respectively. The meso-phenyl protons were ob-
served as a broad singlet (0 =7.63 ppm). All the signals in the
aromatic region are downfield shifted than those of compound
1, probably due to the formal unipositive charge on the
germanium atom. In the "B NMR spectrum, a broad singlet (0 =
—19ppm) that lies in between those of B(CiF); (0=
—2.3 ppm)"® and compound | (0=0.1 ppm) was observed. In
the "F NMR spectrum, three signal sets (0=—134.2, —158.6,
and —163.9 ppm) that are upfield shifted than those of B(C4Fs);
(0=-128, —143, and —160 ppm) were seen. In the IR spectrum
of compound 2, an asymmetric stretching band at 3567 cm™
reveals the presence of a hydroxyl group; in compound |, the
corresponding band was observed at a higher wavenumber
(3640 cm™).

Compound 2 is expected to possess a net positive charge
on the germanium atom, and to affirm that this is retained even
after the interaction with the hydroxide, we have performed
DFT calculations (B3LYP/TZVP) using Gaussian 16 suite (see
ESI).“® The computed NPA charge on the germanium atom of
compound 2 (1.277) is slightly higher than that of compound 1
(1.185). The air and water stability of compound 2 was studied
through 'H NMR spectroscopy. It was stable in air and water for
up to 1 month and 20 days, respectively; these periods are
better than compound 1 (10 and 5 days, respectively). To
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Scheme 1. Synthesis of germylene cation [DPMGe][(OH)B(C4Fs)s] (2).
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understand the higher stability of compound 2 compared to 1,
we have carefully analyzed their Frontier MOs, and the
following points have emerged: (i) the HOMO-1 orbital corre-
sponding to the germanium lone pair was significantly
stabilized in compound 2 compared to compound 1 (62.5 kJ/
mol and 20.7 kJ/mol in compounds 2 and 1), limiting its
availability for reaction with a small molecule (such as water),
(i) the empty valance p-orbitals of germanium atom are
strongly delocalized (and are also in a bound state) compared
to localized orbitals in compound 1 due to the n-electrons of
[(OH)B(C4F5)s]1™ (Figure 2), and (iii) a relatively strong interaction
between germanium atom and [(OH)B(CiFs);]~ also ensures
significant steric crowding that lies along the empty p-orbitals
of germanium atom blocking any possible interactions with
small molecules (such as water). Thus, both steric and electronic
factors provide excellent stability to compound 2 compared to
compound 1.

The solid-state structure of compound 2 was established by
single-crystal X-ray diffraction analysis (Figure 3). Compound 2
crystallized in the monoclinic P2,/n space group. The Ge—-O
bond distance (2.019 A) in compound 2 is larger than the Ge—O
bond (1.736 A) in compound 1; this comparison reveals the
weakly coordinating nature of [(OH)B(C4F;);]~ with the germa-
nium center. The B—O bond length (1.529 A) is similar to that in
compound | (1.526 A), where weak coordination between
platinum atom and [(OH)B(C4F;);]1~ was observed.

Catalytic Utility of Compound 2

Catalytic hydrosilylation of aldehydes and ketones was carried
out at ambient conditions using the fully characterized air and
water stable germylene cation 2. Benzaldehyde was chosen as
the substrate for the optimization of reaction conditions. No
conversion was observed when benzaldehyde was reacted with
1.2 equiv. of triethylsilane without a catalyst (entry 1, Table 1).
The reaction between benzaldehyde and 1.2 equiv. of triethylsi-
lane using 1 mol% of compound 2 as a catalyst under neat
conditions for 2 h gave a conversion greater than 99% (entry 2,
Table 1). Reducing the catalytic loading to 0.5 mol% gave a
reduced percentage conversion of 65 (entry 3, Table 1). Further,
the same reaction in solvents, such as toluene and THF,
afforded less conversion to the hydrosilylated product (entries 4
and 5, Table 1). Therefore, the reaction conditions employed in
entry 2 were taken as the optimized ones. Under these
optimized conditions, the use of other silanes, such as Ph,SiH
and (C,H;0),(CH;)SiH, in place of Et;SiH, gave reduced percent-
age conversions of 81 and 37 (entries 6 and 7, Table 1). The
usage of PhSiH; resulted in greater than 99% conversion
(entry 8, Table 1), but the hydrosilylated product was not pure
with unidentified side products. These results reveal the
suitability of Et;SiH as the hydrosilylating agent.

The substrate scope for compound 2 catalyzed hydro-
silylation of aldehydes and ketones was studied by employing
the optimized reaction conditions of benzaldehyde (Table 2). 2-
Chlorobenzaldehyde (entry 2, Table 2) and 2-bromobenzalde-
hyde (entry 3, Table 2) with electron-withdrawing halo substitu-
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Figure 2. FMOs of compounds 1 and 2, along with cation 2’. Values in brackets show the energies in au.

Figure 3. Molecular structure of compound 2. All hydrogen atoms (except
that of the hydroxyl group) are omitted for clarity, and thermal ellipsoids are
drawn at the 30% probability level. Selected bond lengths (A) and angles (°):
Ge(1)-0(1) 2.019(2), Ge(1)—N(1) 1.963(2), Ge(1)—N(2) 1.978(2), Ge(1)-B(1)
3.290(2), O(1)-B(1) 1.529(3); O(1)—Ge(1)-N(1) 87.48(7), O(1)—Ge(1)—N(2)
91.18(7), N(1)—-Ge(1)-N(2) 86.66(7), Ge(1)—-O(1)—B(1) 135.6(1). (see the Sl for
details).
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ent at ortho-position showed >99% conversion faster than
benzaldehyde with higher TOF values of 96 and 65h7",
respectively. Considering this result, an ortho-disubstituted
substrate, 2,6-dichlorobenzaldehyde, was tested; however, it
required more time than benzaldehyde and gave a TOF of
39 h™' (entry 4). Similarly, aromatic aldehydes having electron-
withdrawing substituents (chloro (entry 5), bromo (entry 6), and
cyano (entry 7)) at the para-position took more time than
benzaldehyde for >99% conversion to the corresponding
silylethers with a TOF of around 20 h™". However, 4-acetylben-
zaldehyde, required the same time as benzaldehyde (entry 8).
Aromatic aldehydes having electron-withdrawing substituents
(chloro (entry 9) and nitro (entry 10)) at meta-position took
more time than benzaldehyde and afforded a TOF close to
30 h™'. 2-Methylbenzaldehyde and 4-methylbenzaldehyde with
the electron-donating methyl group got hydrosilylated faster
than benzaldehyde (TOF 55 and 57 h™"); similarly, the hydro-
silylation of heterocyclic (entry 13) and aliphatic aldehydes
(entries 14 and 15) occurred quickly. The TOF (105 h™") seen
with isovaleraldehyde (entry 14) is the best one in the present
study. Catalyst 2 is also effective for the hydrosilylation of
ketones. Acetophenone took 3 h for >99% conversion to the
hydrosilylated product (TOF is 31 h™"). The hydrosilylation
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Table 1. Silane screening and optimization of reaction conditions for the hydrosilylation of benzaldehyde using germylene cation 2 as a catalyst.

H 0 Catalyst (0.5-1 mol%) | > O
rt (30-35 °C)
solvent
+ R3SiH

Entry Silane Time (h) Solvent Catalyst Mol% Conversion (%) Yield (%)
1 Et,SiH 2 Neat - - 0 0
2 Et,SiH 2 Neat 2 1 >99 95
3 Et,SiH 2 Neat 2 0.5 65 54
4 Et;SiH 2 Toluene 2 1 31 24
5 Et,SiH 2 THF 2 1 22 18
6 Ph,SiH 2 Neat 2 1 81 75
7 (EtO),(CH;)SiH 2 Neat 2 1 37 15
8 PhSiH; 2 Neat 2 1 >99 39
9 Et,SiH 2 Neat 1 1 0 0
10 Et,SiH 2 Neat DPMH 1 0 0

Conditions: Benzaldehyde (1 mmol) and silane (1.2 mmol). % Conversion was calculated by 'H NMR spectroscopy; the integration of PhCHO was compared
with that of RCH,(OSIR;). % Yield was calculated by 'H NMR spectroscopy using hexamethylbenzene as an internal standard; the integration of PhCH,(OSiRs)

was compared with that of Ph(CH,),.

pattern of benzaldehyde derivatives is seen with acetophenone
derivatives as well (which are (i) aromatic ketones with electron-
donating substituents in the para-position have been hydro-
silylated faster than the aromatic ketones containing electron-
withdrawing substituents at the same position, (ii) aromatic
ketones with electron-withdrawing substituents in the ortho-
positions showed better conversion rates than aromatic ketones
with electron-withdrawing substituents at the meta- and para-
positions). Thus, acetophenone derivatives with an electron-
withdrawing substituent at ortho-position (entries 17 and 18),
electron-withdrawing substituent at para-/meta-position (en-
tries 19-21), and electron-donating substituent at ortho-/para-
position (entries 22-23) got hydrosilylated faster, slower, and
faster than acetophenone, respectively. As anticipated, alkyl
ketone, 3-methyl-2-butanone (entry 24), was hydrosilylated at a
better rate than acetophenone. For diaryl ketones, benzophe-
none and its derivatives were studied; benzophenone gets
hydrosilylated faster than acetophenone, with a TOF of 43 h™".
The hydrosilylation pattern of benzaldehyde and acetophenone
derivatives is partially realized with benzophenone derivatives.
Thus, 2-chlorobenzophenone (entry 26) and 4-methylbenzophe-
none (entry 29) get hydrosilylated faster than benzophenone.
However, unlike the hydrosilylation pattern of benzaldehyde
and acetophenone derivatives, hydrosilylation of 3-bromoben-
zophenone (entry 27) and 4-bromobenzophenone (entry 28) is
faster (TOF of 65 h™'") than benzophenone.

The catalytic efficiency of compound 2 is compared with
other main group catalysts, such as B(CsFs); (E),
[Tp*AIMe]l[MeB(C¢Fs)s]l (Tp* = hydro-tris(1,3-dimethylpyrazol-1-
yl)borate) (F),“? [t-BuFcMeSil[B(C4Fs),] (Fc = Ferrocenyl) (G),“"
and [LBHI[HB(C4Fs);] (H) (L = [{(2,4,6-Me;CH,N)P(Ph,)},NI),*?
used for the hydrosilylation of aldehydes and ketones. The TOF
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values obtained using catalyst 2 for a few standard substrates
(3-methyl-2-butanone, benzaldehyde, 4-methylbenzaldehyde,
acetophenone, 4-methylcaetophenone, and benzophenone) are
better than those obtained using catalysts (E, G, and H) that
work at low temperatures (rt to 40°C) (Table S1). Compound F
is better than compound 2; nevertheless, it operates at a much
higher temperature of 75°C (aldehydes) or 100°C (ketones)
(Table S1).

Intermolecular chemoselective hydrosilylation of aldehydes
is feasible with catalyst 2. An equimolar mixture of benzalde-
hyde and acetophenone, when reacted with triethylsilane using
1 mol% of compound 2 in neat condition at room temperature
for 2 h, hydrosilylation of benzaldehyde only was observed. In
this reaction, when acetophenone was replaced with phenyl-
ethylene, phenylacetylene, benzonitrile, or ethyl benzoate, the
same result was obtained; only benzaldehyde was hydro-
silylated, leaving the other compound unaffected (Scheme 2).
As shown in Table 2, in the hydrosilylation of substrates, 4-
cyanobenzaldeyde (entry 7), 4-acetylbenzaldehyde (entry 8),

o H H OSiEt;
R 2 (1 mol%)

Et;SiH
rt, neat,2 h

—C=CH — —cCc=
5 2 —CH =

[0} o]
)J\Me )koa
Scheme 2. Chemoselective (intermolecular) hydrosilylation of benzaldehyde.
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Table 2. Substrate scope for the germylene cation 2 catalyzed hydro-
silylation of aldehydes and ketones.

2 (1 mOI%) OSIEt

" rt (30-35 °C), neat =l
)k +  EtsSiH > k H
R R R R

R = alkyl/aryl group, R' = H/alkyl/aryl group

Entry R Time % Conversion % Yield TOF
(h) (h™
R'=H
1 CeHs 2.0 >99 95 48
2 2-CICH, 1.0 >99 96 96
3 2-BrCH, 15 >99 97 65
4 2,6-Cl,CH; 25 >99 97 39
5 4-CICH, 4.5 >99 96 21
6 4-BrCeH, 3.75 >99 91 24
7 4-CNCH, 5.25 >99 96 18
8* 4-C(O)CH,CeH, 2.0 >99 93 47
9 3-CIGH, 3.0 >99 97 32
10 3-NO,CH, 3.0 >99 92 31
1 2-MeCg¢H, 1.7 >99 94 55
12 4-MeC¢H, 1.66 >99 95 57
13 2-SC,H; 15 >99 93 62
14 CH;3(CH,), 0.91 >99 96 105
15 (CH5),CH(CH,) 1.25 >99 94 75
R'=CH,
16 CsHs 3.0 >99 94 31
17 2-CIC4H, 15 >99 95 63
18 2-BrCH, 1.5 >99 98 65
19 4-CICH, 35 >99 97 28
20 4-BrC¢H, 3.25 >99 92 28
21 3-BrCH, 35 >99 95 27
22 2-MeC4H, 15 >99 98 65
23 4-MeC¢H, 2.0 >99 98 49
24 (CH,),CH 1.66 >99 92 55
R'=CgHs
25 CsHs 2.25 >99 96 43
26 2-CICH, 1.0 >99 96 96
27 3-BrCH, 1.5 >99 98 65
28 4-BrC¢H, 15 >99 97 65
29 4-MeC¢H, 1.25 >99 98 78

Conditions: aldehyde/ketone (1 mmol) and silane (1.2 mmol). % Conver-
sion was calculated by 'H NMR spectroscopy; for aldehydes and ketones,
the integrations of RCHO and RC(O)R' were compared with that of
RCH,(OSiEt;) and RCH(OSIEt;)R’ (R' = Me, Ph). % Yield was calculated by 'H
NMR spectroscopy using hexamethylbenzene as an internal standard; for
aldehydes and ketones, the integrations of RCH,(OSiEt;) and RCH(OSiEt;)R’
were compared with that of Ph(CH;), (R = Me, Ph). *Only one equiv. of
Et;SiH was used.

and 3-nitrobenzaldehyde (entry 10), the cyano, keto, and nitro
groups were unaffected, respectively. These data reveal the
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capability of catalyst 2 to hydrosilylate the aldehydic group
with intramolecular chemoselectivity.

Mechanistic Study

Multinuclear NMR spectroscopy was employed to probe the
mechanism of the hydrosilylation reaction catalyzed by com-
pound 2. The stoichiometric reaction between catalyst 2 and
benzaldehyde in toluene did not lead to any product formation;
it was confirmed by 'H, *C, and "B NMR spectral data where
the reactants remained as such after the reaction. However, in
the *Si NMR spectrum (Figure S78) of the 1:1 mixture of
catalyst 2 and Et;SiH, a reasonably downfielded signal at
8.90 ppm compared to that of the free Et;SiH (0.10 ppm)
supports an adduct formation between them. In this mixture’s
"B NMR spectrum, a peak at —2.1 ppm is reminiscent of that of
catalyst 2 (—1.9 ppm), suggesting boron’s non-involvement in
the catalytic cycle.

With these experimental inputs, theoretical calculations
were carried out to find a plausible mechanism. The computa-
tional studies have revealed that the dissociation of [DPMGe]*
and [(OH)B(C4Fs);1~ of compound 2 triggers the catalytic
reaction. This cation--anion dissociation is found to be
exothermic by 155.3 kJ/mol, wherein compound 2 separates to
cation 2’ ([DPMGe] ™) and [(OH)B(C¢Fs);]". Thus, upon activation
by the solvent (Et;SiH here), the interaction between germa-
nium and oxygen atoms is favorably broken, leading to cation
2'. This cation subsequently serves as the catalyst to initiate the
reaction (Scheme 3 and Figure 4). Considering this, the Frontier
MOs of 2" were thoroughly examined. Remarkably, the empty
p-orbital of its germanium atom (LUMO) is stabilized signifi-
cantly, and this is accompanied by a drastic reduction in the

Et3Si\
O—CH,Ph
p ay -
LGe Et3SiH
2l
_SiEt3 T
7/
(@) +
+ ! L = DPM LGe-—HSiEts
LGe--H--C 3
/ N\
H Ph
TS1
LGIeH
|
+1
PhCHO SiEts
4l

Scheme 3. Plausible catalytic cycle for the hydrosilylation of benzaldehyde
by cation 2'.
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Energy (kJ/mol)

Figure 4. Energy profile diagram for the cation 2’ catalyzed hydrosilylation of
benzaldehyde using Et;SiH (Energy in kJ/mol).

HOMO-LUMO gap in comparison to compounds 1 and 2,
indicating enhanced reactivity of cation 2’ once the anionic
counterpart moves away from its coordination sphere (Fig-
ure 2). The reagent Et;SiH (acting as a solvent as well) then
interacts with cation 2’, forming cationic complex 3’ (Scheme 3,
Figure 4). In 3’, both Et;SiH and 2’ are bound via non-covalent
interaction (reactant complex); further, the formation of 3’ is
slightly endothermic from 2’ (24.2 kJ/mol). However, it is an
exothermic process from the original reactant (compound 2) by
131.2 kJ/mol (Figure 4). At this stage, it is clear that the reagent
is activated, and it is reflected from the Ge—H distance (2.382 A)
and Si—H bond elongation (to 1.529 A from 1.488 A in Et,SiH;
Figure S81). The hydride transfer to germanium occurs in the
next step, leading to germylene hydride 4’, which has a non-
covalently bound triethylsilyl cation. This step is also endother-
mic with respect to 3’ (54.2 kJ/mol); however, compared to
compound 2, it is exothermic. As shown in Figure 2, the empty
p-orbitals of the germanium atom in compound 2 are
destabilized and, hence, are not susceptible to reactivity.
However, in 2’, where the anion is away, the empty 4p orbitals
are getting stabilized (LUMO here), which can easily accept
hydride from the Et;SiH, leading to facile reactivity. As
anticipated, in 4, the hydride transfer substantially reduces the
charge on the germanium atom (4": 0.829, 3": 1.259), where the
length of the Ge—H bond is 1.597 A (Scheme 3 and Figure S81).
Calculations were performed to identify the transition state for
hydride transfer from Et,SiH to germylene cation in 3'. However,
our relaxed scan revealed this is a barrier-less process (Fig-
ure S82; see ESI). Once the Ge—H formation has taken place, the
substrate is expected to approach 4’ in the next step, leading to
the formation of the product. This process is likely to proceed
via a concerted transition state TS1 with an estimated barrier of
5.9 kJ/mol (Scheme 3). As anticipated at this transition state,
both H--CH(O) (1.452 A) and HC(0)-Si (2.150 A) bonds are
partially formed here. If compared with 4’ and p, it is clear that
TS1 is a reactant-like transition state, rationalizing a smaller
barrier height estimated (Figures4 and S81). The concerted
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bond-making and -breaking is consistent with the computed
NPA charges, revealing a significant increase (decrease) in the
oxygen (hydride) of the benzaldehyde (germanium) at the
transition state (—0.783 in TS1 vs. —0.502 in free benzaldehyde
and —0.121 in TS1 vs —0.215 in 4, Table S3; see ESI). In the last
step, hydrosilylated product p formation occurs, which is
significantly exothermic (229.6 kJ/mol). This exothermicity is
expected to ease the energy demand for the subsequent
catalytic cycles, rationalizing the observation of large TON and
TOF values (Scheme 3 and Figure 4). Furthermore, Pier's mech-
anism is one of the pathways for the catalytic hydrosilylation of
the carbonyl substrates (aldehydes and ketones).®? In this
pathway, the carbonyl substrate would aid in the Si-H bond
cleavage after the end-on coordination of the silane to the
catalyst (Figure S83, see ESI). Additional calculations were
performed to rule out this possibility using benzaldehyde as the
carbonyl substrate (Figure S83, see ESI); the transition state TS’
corresponding to the Si—-H bond cleavage has ~129 kJ/mol
higher energy than the 2’, and the subsequent transition state
TS” is barrierless. However, the initially proposed mechanism
for benzaldehyde hydrosilylation has a maximum energy barrier
of only 84kJ/mol from 2' (Figure4) and dismisses Pier's
pathway being operative here. Finally, the dissociation of
compound 2 into 2’ and [HOB(CF;);]™ in the presence of
triethylsilane but not due to water was also examined. The
Molecular Electrostatic Potential (MESP) for the catalyst 2, water,
and triethylsilane (TES) are shown in Figure S84 (see ESI). In
these MESP maps, blue regions indicate positive electrostatic
potential and are vulnerable to nucleophilic attack, while the
red regions show negative electrostatic potential and are prone
to electrophilic attack. Here, the catalyst’s germanium center
exhibits positive potential. Conversely, the hydrogen atom of
TES and oxygen of water have a negative potential, enabling
them to interact with and activate germanium. However, the
steric map in Figure S84d (see ESI) shows a high buried volume
of 90.7% at the germanium center, allowing only small atoms
like hydrogen to access germanium and preventing access to
water molecules during the reaction.

Conclusions

In conclusion, [DPMGe]l[HOB(C¢Fs);]1 (2), the first example of a
low-valent main-group catalyst that can operate in an ambient
environment, is reported; it catalyzed the hydrosilylation of a
variety of aldehydes and ketones. Detailed theoretical studies
elucidate the stability of compound 2, attributing it to the
anion’s interaction with the empty p-orbitals of germanium.
This association destabilizes these p-orbitals to LUMO+3 and
LUMO +5 (which otherwise should have been in LUMO). Apart
from this, the association-induced steric crowding further
increases the stability. Remarkably, once the anion,
[HOB(C4Fs);]7, is detached from the cation, [DPMGe]", the
empty p-orbitals of germanium are stabilized, kicking in greater
reactivity and exceptional efficiency. Learning from these out-
comes and encouraged by this discovery, our laboratories are
pursuing designing and implementing other catalytic processes
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that employ low-valent main group catalysts in ambient
settings.
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