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Strained and Reactive Donor/Acceptor-Supported Metalla-Silanone  

Shintaro Takahashi, Manuel Ramos Enriquez, Ekaterina Bellan, Antoine Baceiredo, Nathalie Saffon-
Merceron, Norio Nakata, Daisuke Hashizume, Vicenç Branchadell, Tsuyoshi Kato*

Abstract: A novel stable donor/acceptor-supported Mn(I)-

metallasilanone 3 was synthesized. The intramolecular silanone-

Mn(I) interaction induces a highly strained three-membered cyclic 

structure, leading to an exceptionally high reactivity of 3 as a 

donor/acceptor complex of silanone. Indeed, metallasilanone 3 

readily reacts with various small molecules such as H2 or ethylene 

gas in mild conditions. 

 

In contrast to the ubiquitous carbonyl function, the heavier 

silicon analogue, silanones I, are generally highly reactive transient 

species[1] which were observed either in low-temperature argon 

matrices[2] or in the gas phase[3] and were evidenced by trapping 

reactions.[4] Silanones present a strongly polarized Si=O double 

bond (Si+-O-) with a considerably large bond energy difference 

between SiO-- and --bonds,[5] and therefore, they easily 

oligomerize to give polysiloxanes.[6] Even though some recent 

studies have demonstrated that bulky or/and strongly - or/and -

donating substituents efficiently stabilize silanones, the synthesis of 

stable silanones I remains a great challenge and, to date, only a 

limited number of isolable silanones are available.[7-12]  

A drastic improvement in the stability was achieved by Driess’s 

group, using donor (II)[13] or donor/acceptor (III)[14] systems.[15-19] 

Thanks to that, several stable and easy-to-manipulate silanone 

derivatives have been prepared.[15-19] Particularly, the formation of 

donor/acceptor complexes III, which blocks both nucleophilic O 

and electrophilic Si centers, is very efficient. This was clearly 

demonstrated by the formation of chloro-substituted silanone as an 

air-stable molecule[20] as well as the isolation of SiO2 as a stable 

monomeric species.[21] Nevertheless, not surprisingly, such a 

stabilization considerably reduces the reactivity thus limiting their 

synthetic potential.[22] A solution of this issue would be the 

introduction of the Lewis acidic component (A) as a Si-substituent, 

that would allow the formation of an intramolecular Si=O→A 

interaction. Because of the high strain of the resulting three 

membered ring, complexes IV should present an enhanced reactivity. 

To date, only two stable transition-metal substituted silanones V 

have been described by Filippou's group[7] and by us.[8] Particularly, 

the cyclic RhI-substituted silanone shows a unique reactivity 

associated with the two reactive centers (Si=O and Rh). However, in 

both cases, the desired intramolecular interaction to form a strained 

silanone-metal complex (type IV) was not observed. 

 

 
 

Here, we would like to report the synthesis of MnI-substituted 

silanone 3 showing an original intramolecular silanone-Mn 

interaction. Contrary to poorly reactive donor/acceptor-stablized 

silanones (III), this highly strained cyclic silanone complex 3 is 

particularly reactive and is able to achieve the H2-splitting at room 

temperature. 

 

 

Scheme 1. Synthesis of Mn
I
-substituted silanone 3 

As a precursor of cyclic silanone complexes, the MnI-silylidene 

complex 2 was readily synthesized by the stoichiometric reaction of 

phosphine-stabilized chloro-silylene 1 with NaMn(CO)5
 in toluene 

at 80 °C (Scheme 1). Complex 2 was isolated as a highly air-

sensitive dark purple powder in 86 % yield. In the 29Si-NMR 

spectrum, a broad doublet signal appears at significantly down field 
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( = 182 ppm, 1JSiP = 52.6 Hz), but with an upfield shift compared to 

previously reported NHC-stabilized transition metal silylidene 

complexes VI[23] (M = Cr, Mo, W) (230 to 279 ppm) and the 

recently reported stable silylene-Mn complexes VII (285 to 364 

ppm).[24] The 31P-NMR spectrum displays a singlet signal at 31.9 

ppm, which is significantly upfield shifted compared with that of the 

phosphine-stabilized silylene 1 (75.0 ppm). In the 13C-NMR 

spectrum, the four carbonyl ligands appear as a broad signal at 226 

ppm, probably due to the rapid isomerization through the pseudo 

rotation of Mn(CO)4 moiety at RT. The structure of 2 reveals a 

planar Si1 center (°Si = 360°) and a Si-Mn bond (2.163 Å) 

considerably shorter than Si-Mn single bonds (ca 2.35 Å), but 

similar to that observed for silylene-Mn complexes VII (2.188 Å), 

and in agreement with the Si=M double character of transition-metal 

substituted silylidene complexes. 

 

 
 

Figure 1. Molecular structures of 2 (left) and 3 (right). Thermal 

ellipsoids represent 30 % probability. H and disordered atoms and 

solvent molecules (3) are omitted for clarity. Selected bond lengths 

[Å] and angles [°]: 2: Si1-Mn 2.163(3), N1-Si1 1.749(9), Si1-P 

2.320(4), Mn-C (average) 1.822, C-O (average) 1.132, N1-Si1-P 

88.7(3), N1-Si1-Mn 136.5(3), Mn-Si1-P 134.8(2), C3-Mn-C4 172.5(6), 

C5-Mn-C6 101.5(10), Si1-Mn-C3 83.5(4), Si1-Mn-C4 89.7(4), Si1-Mn-

C5 129.3(4), Si1-Mn-C6 129.2(10). °Si = 360.0. 3 : Mn-Si1 2.268(1), 

Si1-O1 1.592(2), O1-Mn 2.147(2), N1-Si1 1.791(2), Si1-P 2.310(1), 

Mn-C (average) 1.820, C-O (average) 1.142, O1-Si1-Mn 64.85(8), 

Si1-O1-Mn 72.99(8), O1-Mn-Si1 42.16(6), N1-Si1-P 89.90(8), N1-Si1-

Mn 133.72(9), Mn-Si1-P 132.77(4), Si1-Mn-C3 90.58(10), Si1-Mn-C4 

87.26(11), Si1-Mn-C5 143.61(11), Si1-Mn-C6 118.19(13), C3-Mn-C4 

174.84(16), C5-Mn-C6 98.19(17). (°Si(N,P,Mn) = 356.39) 

In contrast to other double-bonded silicon species or silylene-

Mn complexes VII, which are generally highly reactive, silylidene 

complex 2 is moderately reactive, and no reaction was observed 

with H2, ethylene, CO2, and 2,3-dimethylbutadiene. However, 

complex 2 readily reacts with N2O at -40 °C to afford the 

corresponding three-membered cyclic donor/acceptor-supported 

silanone 3 (Scheme 1), which was isolated as extremely air-sensitive 

yellow crystals from a concentrated THF solution at -50 °C (yield 

42 %). Silanone 3 was obtained as a 70 : 30 mixture of two 

diastereomers as indicated by two sets of signals systematically 

observed in all NMR spectra. In the 31P-NMR spectrum, two singlet 

signals (major: 40.6 ppm, minor: 40.7 ppm) appeared in the same 

region to those of silylidene complex 2 (40.4 ppm). In contrast, 29Si-

NMR signals for the Mn-substituted Si atom are significantly 

upfield shifted (major: -6.0 ppm, 1JSiP = 29.9 Hz, minor: -3.4 ppm, 
1JSiP = 30.0 Hz), which is in good agreement with a three-membered 

ring containing a silicon atom. In contrast to the case of silylidene 

complex 2, 13C-NMR displays well-defined four singlet signals 

corresponding to the carbonyl ligands in the typical region (214.9 - 

223.3 ppm) for each diastereomer of 3. 

The X-ray diffraction analysis of 3[25] reveals a three-membered 

cyclic donor/acceptor-silanone structure with two intramolecular 

coordination interactions P→Si=O→Mn. The Si1-O1 bond length 

(1.592 (2) Å), considerably elongated compared to Si=O double 

bonds (1.535 - 1.549 Å), is at the upper limit of those observed for 

donor/acceptor-supported silanones III (1.538 - 1.587 Å), but is still 

shorter than Si-O single bonds (1.65 Å), suggesting a weak and 

strongly polarized Si=O multiple-bond character. Indeed, the second 

order perturbation theory analysis indicates that one of the three lone 

pairs on O atom of silanone function is delocalized to the Si atom 

resulting in a relatively strong donor-acceptor interaction (99.6 

kcal/mol). The Wiberg bond index and the Meyer bond order for the 

Si=O fragment are calculated to be 0.752 and 1.520 respectively.[26] 

Probably due to the ring strain, O1-Mn bond distance (2.147 (2) Å) 

is elongated from those of five-membered cyclic one 8 (2.077 Å) 

(vide-infra) and other related R2C=O→MnR(CO)4 complexes (2.55-

2.069 Å). [27] The Si1-Mn bond (2.268 Å) is shorter than single 

bonds observed for R3Si-Mn(L)(CO)4 complexes (2.35 - 2.50 Å)[28] 

but is similar to those observed for the previously reported base-

stabilized silylene-MnI complexes (2.279 - 2.281 Å).[29]  

 

 
a) LUMO+1 (*O-Mn, -1.05 eV) 

  

  
b) HOMO-9 (Si-O, -7.97 eV) c) HOMO-10 (O-Mn, -8.50 eV) 

Figure 2. Calculated frontier molecular orbitals of 3 at the M06/6-

31G(d) level (isosurface level = ±0.05 e/(a.u.)
3
). In parenthesis are 

calculated energy levels in eV. 

To gain more insight into the electronic structure of metalla 

silanone 3, DFT calculations have been performed at the M06/6-

31G(d) level of theory. The optimized structure of 3 agrees quite 

well with the experimental one (Si-Mn: 2.248 Å, Si-O: 1.606 Å, O-

Mn: 2.135 Å, O-Si-Mn: 64.80°). The highest occupied molecular 

orbital (HOMO, -5.58 eV) corresponds to the Si-Mn -bond and the 

lowest unoccupied bond orbital (LUMO, -1.22 eV) mainly consists 

of a combination of two anti-bonding *-orbitals at Si and P atoms 

(*Si-O and *P-N). A labile character of Si=O→Mn interaction in 3 

is suggested by the considerably low-lying *O-Mn orbital (LUMO+1, 

-1.05 eV, Figure 3a) as well as the relatively high-lying O-Mn -

bond orbital (or nO orbital directing to Mn center: HOMO-10, -8.50 

eV, Figure 3c) which is close in energy to the Si-O orbital (HOMO-

9, -7.97 eV, Figure 3b). This is particularly different from the 

donor/acceptor-supported silanones of type III, with a stronger 

silanone-Lewis acid interaction. 

Thanks to an original donor/acceptor system, silanone complex 

3 is perfectly stable at room temperature. However, the addition of 
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other ligands such as Ph3P or CO (5 bars), probably inducing a 

dissociation of silanone from the Mn centre, immediately 

destabilizes 3, affording a complex mixture of compounds.  

 

 

Scheme 2. Reactions of Mn
I
-substituted silanone 3 

  

Figure 3. Molecular structures of 6 (left) and 7 (right). Thermal 

ellipsoids represent 30 % probability. H and disordered atoms are 

omitted for clarity. Selected bond lengths [Å] and angles [°]: 6: Si1-Mn 

2.305(1), N1-Si1 1.807(1), Si1-O1 1.737(1), O1-P 1.554(1), Mn-C 

(average) 1.815, C-O (average) 1.147, N1-Si1-Mn 127.89(5), Mn-Si1-

O1 110.50(4), N1-Si1-O1 99.17(6), Si1-O1-P 128.94(8), Si1-Mn-C3 

95.68(7), Si1-Mn-C5 91.09(7), Si1-Mn-C6 164.72(8), C3-Mn-C4 

157.36(10), C5-Mn-C6 97.52(11). 7: Si1-Mn 2.276(1), Si1-O1 

1.689(3), N1-Si1 1.816(3), Si1-P 2.392(1), Mn-C (average) 1.815, C-

O (average) 1.149, Mn-Si1-O1 118.40(13), N1-Si1-P 88.39(10), Si-

Mn-C3 89.37(13), Si1-Mn-C5 102.30(15), C3-Mn-C4 175.42(18), C5-

Mn(1)-C6 103.8(2). 

Based on the MO analysis, the silanone-Mn interaction would 

be expected labile, and indeed, complex 3, behaving as a metal 

based Lewis pair (O: Lewis base and Mn: Lewis acid), quickly 

reacts under 3 bar of CO2 at room temperature yielding the CO3-

bridged silylene-manganese complex 4, via an insertion of CO2 into 

the O-Mn bond (Scheme 2). The concept of frustrated Lewis pair 

has been extended to systems containing transition metals which 

include not only molecular FLP complexes[30, 31] but also solid 

metals with FLP sites on their surface. [32] Furthermore, complex 3 

cleaves, at RT, the Si-H bond of Ph3Si-H to afford the 

corresponding silyloxy silylene-manganese hydride complex 5. A 

typical high-field signal ( = -9.82 ppm, 3JHP = 19.6 Hz) in the 1H 

NMR spectrum is in good agreement with the formation of a 

manganese hydride.[33] Of particular interest, the highly strained 

silanone complex 3 is capable to achieve the H2-splitting at room 

temperature. However, unlike previous reactions, there is no H2-

adduct formed, but a phosphine oxide-supported hydrosilylene 

complex 6 was obtained in 56 % yield. This silylene-

(tetracarbonyl)Mn(I) hydride complex 6 has been fully characterized 

by spectroscopic methods and X-ray diffraction analysis (Figure 3-

left).[25]  

To understand better the reaction of 3 with H2, we performed 

DFT calculations with a simplified model 3’ with methyl groups 

instead of tBu and iPr groups (Figure 4). These calculations indicate 

that, similarly to the reaction with Ph3SiH, the reaction starts with 

the Lewis pair type H-H bond cleavage to form a H2-adduct 7’ as an 

intermediate. This process proceeds through the replacement of 

Si=O on the Mn center by H2 to form a dihydrogen-Mn complex 

intermediate (Int-1). Although the formation of Int-1 is 

thermodynamically unfavorable (G3’→Int-1 = + 6.8 kcal/mol), the 

following H2-bond cleavage process costs little energy (Gǂ
int-1→7' = 

0.4 kcal/mol) and is exergonic (G3’-7’ = -25.6 kcal/mol). Then, the 

isomerization of 7’ proceeds by a dissociation of phosphine ligand 

from the Si center and its insertion into the OH bond (7’→Int-4) 

followed by a P→ Si hydride migration (Int-4→6’) afford the 

experimentally obtained complex 6’. In the overall process, the rate-

limiting step is the replacement of silanone on the Mn center by H2 

to generate Int-1 (Gǂ
3’→Int-1 = +19.6 kcal/mol), which is consistent 

with the fact that no intermediate has been experimentally observed.  

 

 

Figure 4. Calculated reaction pathways for the hydrogenation of 3’ 

and calculated relative Gibbs energies G (kcal/mol) of each 

intermediate and product 6’ from that of 3’+H2. In parenthesis are 

calculated reaction barriers G
ǂ
 (kcal/mol). 

In order to confirm this hypothesis, we considered the synthesis 

of the hydroxysilylene-Mn(I) complex 7[7, 34] via the 1,2-addition of 

H2O on the Si=Mn bond of MnI-silylidene complex 2 (Scheme 3). 

The reaction proceeds immediately at room temperature leading to 

the formation of the 1,2-adduct 7, which, as predicted, slowly 

isomerizes to give 6. Nevertheless, complex 7 was found to be 

stable at -30 °C, and was characterized by NMR spectroscopy. 

Furthermore, single crystals of complex 7 were grown from a 

concentrated THF solution at -50 °C and its molecular structure was 

confirmed by X-ray diffraction study (Figure 3-right).[25] 
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Scheme 3. Reactions of Mn
I
-substituted silanone 3 with H2O 
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Of particular interest, the reaction of 3 with ethylene proceeds 

differently leading to the ethylene-insertion into Si-Mn bond, 

instead of O-Mn bond, to afford a five-membered cyclic donor-

acceptor silanone complex 8 (Scheme 4). The reaction probably 

starts with the displacement of silanone ligand by ethylene on the 

Mn center to generate the olefin-Mn(I) complex 9 (Scheme 4), 

which evolves further by the migratory insertion of ethylene into Si-

Mn bond to give the experimentally obtained complex 8. 

 

3
N

PR2

Ar

Si

8

O

RT, 10 min.

Mn(CO)4

N

PR2

Ar

Si

9

O

Mn(CO)4

 

Scheme 4. Reaction of silanone-complex 3 with ethylene. 

In conclusion, we have successfully synthesized the 

donor/acceptor-supported Mn(I)-metalla-silanone 3, which presents 

a highly strained small cyclic structure formed by the intramolecular 

silanone-Mn(I) interaction. Thanks to the high ring strain, the 

interaction Si=O->Mn is labile, leading to an exceptionally high 

reactivity of MnI-substituted silanone 3, which readily reacts, as a 

metal-based Lewis Pair, with various small molecules in mild 

conditions. Further study on the reactivity of this new type of 

silanone complex and its applications are under active investigation. 
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