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The denitrogenative reductive coupling of two molecules of CN'Bu to afford a disilylketenimine with an aza-
disilacyclobutane skeleton was achieved on a multinuclear silylene-bridged Ni cluster framework in the
absence of any strong reducing reagents. During this reaction, sequential cleavage of a C=N bond and
formation of a C=C bond involving two molecules of CN'Bu were achieved on a nickel cluster
surrounded by four silylene moieties. First, the cleavage of the C=N bond of one molecule of CN‘Bu

provided a silylene-supported carbide and an N'Bu moiety on the dinuclear nickel skeleton. Further
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pentanuclear nickel-cluster framework to form a (p;-m?-R3Si— C=C — NR’Z) moiety via formation of

DOI: 10.1039/d1sc069359 a C=C bond. Thermolysis of this pentanuclear cluster produced a disilylketenimine with an aza-
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Introduction

The activation of strong chemical bonds such as C=0, C=N,
and N=N constitutes a field of chemistry with a strong focus on
the transformation of relatively simple molecules into value-
added chemicals." For instance, the Fischer-Tropsch reaction,
in which CO molecules are directly converted into hydrocarbons
by activation of the C=O bond via contact with H, is an
industrially important process.> During this reaction, H, acts as
the combined source of electrons and protons. As in the
Fischer-Tropsch process, deoxygenative reductive coupling of
CO via C=0 bond cleavage and subsequent C-C bond forma-
tion has generally been achieved on heterogeneous metal
catalysts, such as active metal surfaces and metal nanoparticles.
In contrast, the development of deoxygenative reductive
coupling reactions of CO on well-defined molecular compounds
such as transition-metal complexes remains challenging,
despite the fact that the development of homogeneous systems
may facilitate the detailed investigation of the underlying
reaction mechanism.*"® However, scientists have recently ach-
ieved coupling reactions of CO using several defined transition-
metal and lanthanide complexes, which has led to a better
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disilacyclobutane skeleton in 58% yield.

understanding of the mechanisms of CO activation in each
case. For instance, Agapie et al. developed a deoxygenative
reductive coupling of two molecules of CO at the single
molybdenum center of a Mo(u)-dicarbonyl complex with the aid
of KCg and R;SiCl to form alkyne IPr,Si0-C=C-Si'Pr; or bis(-
silyl)ketene (SiMe;3),C=C=0 as the deoxygenative coupling
products (Scheme 1).* The authors succeeded in isolating some
intermediary species, and the activation of CO was found to be
achieved as follows: first, the activation of the C=O0 bond of one
of the two CO ligands on the Mo(u)-dicarbonyl complex occurs
in the presence of KCg and R3SiCl to produce a Mo(v)-carbyne
complex that contains a CO ligand; then, further reduction of
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Scheme 1l Deoxygenative reductive coupling of two molecules of CO
at a single molybdenum center reported by Agapie et al.*
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the Mo(iv)-carbyne complex by KCg and subsequent addition of
R;SiCl triggers the coupling of a carbyne and CO ligands on the
Mo center to produce the deoxygenative reductive coupling
product. This is quite a unique process, but there remains the
issue that stoichiometric amounts of strong reductants such as
KCy are required.

Another example has recently been reported by Kays et al., in
which the scission of a C=0 bond and the formation of a C-C
bond were achieved on a coordinatively unsaturated dinuclear
iron(u) aryl complex.® In addition, some early transition-metal®’
or lanthanide complexes® consisting of Y, Ti, Zr, Hf, Ta, Ln, Sm,
and Lu have also been reported to achieve the deoxygenative
reductive coupling of CO. However, the use of strong reducing
reagents such as KCg and Na/Hg is often required to synthesize
reactive electron-rich precursors, and the release of the
coupling product is generally problematic due to the high
oxophilicity of the early-transition-metal centers. Furthermore,
substantial effort has recently been devoted to developing
methods for the activation of the C=N bond of isocyanides,
given that isocyanides (C=NR) are isoelectronic with CO.">"*

Considering the fact that, as shown in the Fischer-Tropsch
reaction, deoxygenative coupling of CO is effectively realized on
the active surface of nano-sized metal compounds such as metal
nanoparticles, we hypothesized that the cooperative function of
the multiple metal centers in molecular metal clusters could be
an approach to effectively activate strong chemical bonds
without using strong reducing reagents. Recently, we have
developed an efficient synthesis of metal clusters via the reaction
of low-valent metal species with organosilicon compounds
bearing multiple Si-Si bonds." For instance, a palladium cluster
consisting of eleven palladium atoms was synthesized selectively
via the reaction of [Pd(CN‘Bu),]; with a bicyclic ladder poly-
silane.” In addition, we have synthesized a silylene-bridged
planar tetranuclear palladium cluster, Pd,(SiR,);(CN‘Bu), (R =
iPr, cyclopentyl), via the reaction of [Pd(CN‘Bu),]; with a cyclo-
tetrasilane, SiyRg. We discovered that this tetranuclear palladium
cluster exhibits good catalytic performance for the hydrogena-
tion of various alkenes. In contrast, the corresponding mono-
nuclear palladium disilyl complex as well as the trinuclear
palladium complex supported by isocyanide ligands show
significantly decreased catalytic performance.’* These results
indicate that silylene-bridged clusters can be expected to show
higher reactivity than conventional metal compounds. There-
fore, we planned to construct defined metal clusters based on
this method, which might then enable the activation of strong
chemical bonds on the cluster framework. Given that iso-
cyanides (C=NR) are isoelectronic with CO, the former were
chosen as model substrates for CO. In this paper, we wish to
report the synthesis and reactions of nickel complexes and
clusters obtained from the reaction of the zero-valent nickel
species Ni(cod), with cyclotetrasilane 1. A mononuclear nickel
complex was obtained when Ni(cod), was treated with 1 in the
presence of N-heterocyclic carbene Me,IM™ as an auxiliary
ligand. In contrast, denitrogenative reductive coupling of two
molecules of CN‘Bu took place on the silylene-bridged multi-
nuclear nickel skeleton when CN’Bu was used instead of Me,IM™*
to afford a disilylketenimine with an aza-disilacyclobutane
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skeleton. Isolation of possible intermediary species revealed
that activation of the C=N bond of CNR to form carbide and
imido moieties was realized on the dinuclear nickel framework.
Further metalation-induced denitrogenative coupling of CNR to
form a coordinated alkyne moiety (j;-n?-R3Si — C=C — NR',)
afforded a pentanuclear nickel cluster.

Results and discussion
Synthesis of mononuclear nickel complex 2

We have recently reported that the reaction of a cyclotetrasilane
with a Pd(0) precursor can lead to the selective formation of
a planar tetranuclear palladium cluster.” We also found that
judicious choice of the substituents on the silicon center is
crucial to develop an efficient synthesis method for the clusters;
namely, the reaction of 'Pr-substituted cyclotetrasilane Si,("Pr)g
(1a) with the Pd(0) precursor [Pd(CN’Bu),]; required a tempera-
ture of 65 °C to reach completion, whereas the reaction of
[PA(CN‘Bu),]; with Siy(cyclopentyl)s (1b) proceeded smoothly
even at room temperature. Although it is known that nickel
species often show in comparison less reactivity toward insertion
into Si-Si bonds, we recently found that the insertion of nickel
species into the Si-Si bond of a hypervalent disilane took place
when a combination of Ni(cod), and Me,IM™ was used as the
nickel(0) precursor.”** Thus, we first performed the reactions
using Ni(cod),/Me,IM™ with a series of cyclotetrasilanes. The
reaction did not proceed when the reactions were conducted
with 1a and 1b; in contrast, the reaction proceeded whena 1: 2
mixture of Ni(cod), and Me,IM™ was stirred with Si,Phs (1c) at
80 °C for 48 h. In the "H NMR spectrum of the crude product, the
formation of a single product was observed, and mononuclear
nickel complex 2 was isolated from the mixture in 48% yield after
recrystallization (Scheme 2). It should be mentioned here that no
further insertion of the nickel species to form multinuclear
nickel clusters was observed when the reaction of 1¢ was con-
ducted with 4 equiv. of Ni(cod), and 8 equiv. of Me,IM",

The molecular structure of 2 in the solid state was
unequivocally determined via single-crystal X-ray diffraction
analysis, and the thermal ellipsoid plot is shown in Fig. S7 in
the ESI.t The formation of tetrasilanickelacycle was confirmed,
and Ni-Si bond distances of 2.2952(7) and 2.2917(7) A were
observed. In the *°Si NMR spectrum, two singlets appeared at
—2.00 and —26.12 ppm; the former can be ascribed to the
silicon atom coordinated to the nickel center, whereas the latter
was attributed to the silicon atom located on the ligand
backbone.™

Ni(cod), B,
(1 equiv.) thSi*Sith ZSifsith
[ 4 .

N ¥ Si—Si toluene PhpSi__._SiPh,
NN~ Phe Ph Ni

=( 80°C, 48 h T
Et" Et 1c 2eod  MeaM 2
[Me,IMEY (1 equiv.) 2, orange crystals
(2 equiv.) 48% isolated yield

Scheme 2 Reaction of Ni(cod),/Me,IME with 1c to form mononuclear
nickel complex 2.
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C=N bond cleavage on the dinuclear nickel framework to
form 3

In the reaction of 1¢ with Ni(cod),/Me,IM™, the insertion of only
one nickel species into the Si-Si bonds occurred. In contrast, we
observed the insertion of multiple nickel species when CN‘Bu
was used instead of Me,IM"™. Namely, treatment of a 2:5
mixture of Ni(cod), and CN‘Bu with 1c in toluene at 65 °C for
48 h gave rise to the formation of dinuclear nickel complex 3
(Scheme 3). In the "H NMR spectrum of the final reaction
mixture, the formation of dinuclear nickel cluster 3 and dis-
ilylketenimine 4 (vide infra) as the major products was sug-
gested, and the ratio of 3 to 4 was found to be ca. 1 : 1. Isolation
of 3 followed by heating a C¢D¢ solution of 3 to 60 °C or 80 °C
indicated that 4 was formed via thermolysis of 3 (vide infra).

The reaction mixture obtained from the reaction of 1c with
a 2 : 5 mixture of Ni(cod), and CN‘Bu was dissolved in pentane,
and subjected to column chromatography on silica gel in order
to remove the small amount of unassignable by-product, which
is not very soluble in pentane. Cluster 3 was isolated in 15%
yield in the form of orange crystals by cooling the obtained
pentane solution to —20 °C. In contrast, no reaction took place
when 1a or 1b was used instead of 1c, presumably due to the
large steric hindrance of 1a and 1b around the silicon centers.
The molecular structure of 3 in the solid state was determined
via single-crystal X-ray diffraction analysis (Fig. 1).

The most notable structural feature of 3 is that the cleavage
of the C=N bond apparently occurred on the dinuclear nickel
framework surrounded by four SiPh, moieties, together with the
formation of a carbide moiety supported by three silicon atoms,
as well as an imido (N‘Bu) moiety connected to two silicon
atoms. The Si-C bond distances around the carbide atom (Si(1)-
C(1) = 1.817(3) A; Si(2)-C(1) = 1.824(3) A; and Si(3)-C(1) =
1.803(3) A) fall within the expected range for silicon-carbon
single bonds. The Si(3)-C(1) unit exhibits a bonding interaction
with the Ni(1) center (Ni(1)-Si(3) = 2.3888(17) A; Ni(1)-C(1) =
2.029(3) A). The calculated Okuniewski parameter for C(1) (t
= 0.63) indicates distorted tetrahedral coordination geometry
around the C(1) atoms. Additionally, the C(2)-N(2) moiety,
which bridges two nickel centers, exhibits some bonding
interaction with the Si(4) atom (Si(4)-C(2) = 2.091(3) A; Si(4)-
N(2) = 1.743(3) A). Thus, the C(2)-N(2) bond was significantly
elongated (1.311(4) A) compared to those of the other n'-

Ni(cod) g'h 2 (BU\N
i(cod), tguy.Si
(2 equiv.) Phy . Phy N\ B Ph, g
Si—Si . =C—Si
+ + S‘ é I4> Pﬁl \/\_L . \é
f i—Si toluene 2 Ni—{Ni —
CNBu Phy Pha o aah PN Ph,S{ SiPh,
5 equiv. ' —--Sj N
(8 equiv) 1c (L=CN'Bu) O AP B
-4 cod ’gu 4, colorless crystals
3, orange crystals
15% isolated yield (based on Ni)
CgDg, heat

33% conversion (60 °C, 1 week)
50% conversion (80 °C, 24 h)
(based on Si)

Scheme 3 Reaction of 1c with 2 equiv. of Ni(cod), and 5 equiv. of
CN'Bu to form dinuclear Ni cluster 3 and thermolysis of 3 to afford 4.
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Fig. 1 Molecular structure of 3 with thermal ellipsoids at 50% proba-
bility. All carbon and nitrogen atoms are shown in wireframe style
except for the C(1), C(2), N(1) and N(2) atoms and the two ‘Bu groups;
all hydrogen atoms are omitted for clarity.

coordinated CN‘Bu ligands in 3 (1.133(4)-1.144(4) A). This
bonding interaction may imply the importance of the silylene
(SiPh,) moiety for the activation of the C=N bond of iso-
cyanides. The sufficiently short Ni-Ni bond distance of
2.4229(18) A is indicative of the presence of a metal-metal
bonding interaction."

To gain more insight into the bonding interactions in 3, DFT
calculations were carried out using the M06 functional. The
calculated Wiberg bond index (WBI) for the Ni-Ni bonds (0.25)
indicates the presence of bonding interactions. The WBI anal-
ysis revealed that no bonding interaction was present between
C(1) and N(1), indicating that complete C-N bond cleavage had
occurred. The WBIs of Si(3)-C(1) (0.79), Ni(1)-C(1) (0.33), and
Ni(1)-Si(3) (0.26) indicate some bonding interaction between
C(1) and Ni(1) as well as Si(3) and Ni(1). The WBISs of the C(2)-
Si(4) (0.31) and N(2)-Si(4) (0.46) bonds indicate the presence of
a bonding interaction between the C(2)-N(2) moiety and the
Si(4) atom, which led to a decrease of the WBI for C(2)-N(2)
(1.49).

The molecular structure of 3 in the solid state, determined by
single-crystal X-ray diffraction analysis, shows three inequiva-
lent CN‘Bu ligands as well as one N‘Bu group. In the "H NMR
spectrum of 3, signals for the ‘Bu moieties appear at 0.39, 0.88,
1.34, and 1.59 ppm with an integral ratio of 18: 9: 9 : 9. In the
13C NMR spectrum of 3, four singlets for the methyl groups of
the ‘Bu moieties appear at 29.38, 29.66, 29.96, and 36.22 ppm,
together with four peaks derived from C(CHj;); at 52.80, 54.77,
55.69, and 60.88 ppm. In the *°Si NMR spectrum of 3, three
singlets were observed at —57.02, —6.80, and —1.48 ppm. These
spectral features clearly indicate that the dinuclear structure of
3 is maintained in solution. The IR spectrum showed two strong
absorption bands at 2210.5 cm ™" and 2075 cm ™.

As mentioned above, the '"H NMR spectrum of the crude
product obtained from the reaction of 1c with 2 equiv. of
Ni(cod), in the presence of 5 equiv. of CN‘Bu showed the
formation of disilylketenimine 4. We found that thermolysis of
the isolated dinuclear nickel cluster 3 afforded 4. For instance, 4
was formed in 33% yield upon keeping a C¢D solution of pure 3
at 60 °C for 1 week. When the reaction temperature was raised
to 80 °C, the thermolysis of 3 was completed within 24 h to
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afford 4 in 50% yield. It is noteworthy that in the presence of 5
equiv. of CN‘Bu, the formation of 4 was suppressed during the
thermolysis of 3 in C¢Dg at 80 °C. This result might indicate that
the dissociation of the CN'Bu ligand from the nickel center
might be involved in the reaction mechanism to afford 4 upon
thermolysis of 3. Furthermore, compound 4 was isolated in 38%
yield (based on Si) as colorless crystals via thermolysis of the
crude product obtained by the reaction of 1c with 2 equiv. of
Ni(cod), in the presence of 5 equiv. of CN‘Bu at 80 °C for 48 h.
Thus, dinuclear nickel cluster 3 might be an intermediary
species to form 4 under thermal conditions. Although the
detailed reaction mechanism is not clear at present, one can
imagine that Ni-bound carbide (C(1)) and Ni-bound CN“Bu from
one Ni site on 3 might couple to give 4. In other words, deni-
trogenative homocoupling of two molecules of CN‘Bu occurred
on the Ni cluster to form disilylketenimine 4.

The molecular structure of 4 in the solid state, determined
via single-crystal X-ray diffraction analysis, is shown in Fig. S9 in
the ESL{ In the "H NMR spectrum of 4, two singlets for the
methyl protons of the ‘Bu groups appear at 0.88 and 1.14 ppm
with an integral ratio of 9 :9, whereas signals for the phenyl
moieties emerge as multiplets at 7.22-7.29 ppm and 8.12-
8.15 ppm with an integral ratio of 12 : 8. In the "*C NMR spec-
trum of 4, two signals for the C=C=N'Bu moieties were
observed at 54.77 and 161.15 ppm, and two magnetically ineq-
uivalent ‘Bu groups were observed with signals at 30.91 and
34.14 ppm for the C(CHj;) units, and at 52.30 and 54.77 ppm for
the C(CH;) units. In the *°Si NMR spectrum of 4, only one
singlet was observed at —13.12 ppm, which suggests two
magnetically equivalent silicon atoms. In the IR spectrum of 4,
one strong absorption band appeared at 2024 cm ™ ; this value is
comparable to that observed for the disilylketenimine reported
by Driess et al. (vide infra).®

Metalation-induced formation of a C=C bond to afford 5

Then, we turned our attention to the reaction of 1c¢ with an
increased amount of Ni species to examine the possibility of
constructing nickel clusters with higher nuclearity. Namely, we
treated a mixture of 5 equiv. of Ni(cod), and 7 equiv. of CN‘Bu
with 1c, which furnished pentanuclear nickel cluster 5 in 22%
isolated yield as dark red crystals (Scheme 4).

The molecular structure of 5 in the solid state was deter-
mined via single-crystal X-ray diffraction analysis (Fig. 2).
Cluster 5 contains five nickel atoms and the N‘Bu group
generated via cleavage of the C=N bond of CN“Bu bridges Ni(1)

Ni(cod), Ph
i Ph Ph e

(5 equiv.) 25i—si 2 Si P

+ + 1 ‘LNi I
CN'Bu ths'_S'Ph toluene N/ \--\/S\i'\/ 0
o] — i 9
(7 equiv.) 1 60°C, ?8 h By L ~Rbp| AN

c (L=CN'Bu) Si
Ph,
- 10 cod

5, dark red crystals, 22%

Scheme 4 Construction of Nis cluster 5 and subsequent thermolysis
to produce 4.
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Fig. 2 Molecular structure of 5 with thermal ellipsoids at 50% prob-
ability. All carbon and nitrogen atoms are shown in wireframe style
except for the C(1), C(2), N(1), and N(2) atoms; all hydrogen atoms are
omitted for clarity.

and Ni(2) while being coordinated to the Si(1) center of the
“SiPh,” moiety. Strikingly, the formation of a new C=C bond
occurred between C(1) and C(2). The C(1)-C(2) bond distance
(1.304(5) A) is slightly lengthened compared to those in C-C
triple bonds with amino- and/or silyl-substituents.'® The Si(1)-
C(1)-C(2) and C(1)-C(2)-N(2) bond angles were measured to be
146.7(2) and 152.2(2)°, respectively. In addition, the bond
distance between C(2) and N(2) (1.340(4) A) is comparable to
those found in amino- and silyl substituted alkynes (1.321(3)-
1.362(2) A).* These structural parameters indicate that the
C(1)-C(2) bond can be considered to have carbon-carbon triple
bond character, and it is coordinated to the Ni(1), Ni(2), and
Ni(3) centers in an n>-fashion as a (j;-n2-R3Si — C=C — NR',)
unit in the molecular structure of 5. This bonding situation was
also supported by theoretical calculations (vide infra). In addi-
tion, the elongated C(3)-N(3) bond (1.341(4) A) suggests that the
isocyanide consisting of the C(3)-N(3) bond engages in some
bonding interaction with the three nickel atoms Ni(3), Ni(4),
and Ni(5). C(3) also exhibits a bonding interaction with Si(2),
which is reflected in a bond distance of 1.899(4) A. The Ni-Ni
bond distances (2.4564(8)-2.6564(6) A) are short enough to
invoke bonding interactions."

To elucidate the bonding interactions in 5, DFT calculations
were carried out using the PBEO, B3PW91, M06, and B3LYP
functionals. The optimized structural parameters obtained
using the M06 functional were in good agreement with the data
obtained from the XRD analysis (for details, see the ESIt). The
calculated WBIs for the Ni-Ni bonds (0.13-0.16) support the
presence of bonding interactions. It should also be noted that
the WBI of the C(1)-C(2) bonds was 1.73, while those of the
Ni(3)-C(1) and Ni(3)-C(2) bonds were 0.34 and 0.46, respec-
tively. In addition, the WBIs for the Ni(1)-C(1) and Ni(2)-C(1)
were estimated to be 0.14 and 0.27, respectively. These param-
eters suggest triple-bond character for the C(1)-C(2) bond,
which is coordinated to the nickel centers in a p;-n>-coordina-
tion mode. In addition, the WBI of the C(3)-N(3) bond (1.39)
indicates that the C(3)=N(3) bond was effectively activated by
the three surrounding nickel atoms, i.e., Ni(3), Ni(4), and Ni(5).

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Indeed, the WBIs between these three nickel centers and C(3) or
N(3) support the presence of bonding interactions (for details,
see the ESIT).

The molecular structure of 5, determined by single-crystal X-
ray diffraction analysis, indicates that there are seven inequi-
valent ‘Bu moieties in 5. In the "H NMR spectrum of 5, six
singlets for the methyl protons of the ‘Bu group appeared at
0.72, 0.77, 0.81, 0.87, 1.30, and 1.78 ppm with an integral ratio
of 9:9:9:18:9:9, suggesting that all ‘Bu groups in 5 are
magnetically inequivalent, even in solution. In the *C NMR
spectrum of 5, seven signals appeared for the methyl group of
the ‘Bu units at 29.49, 29.56, 29.64, 29.74, 30.08, 32.04, and
36.34 ppm. Four singlets appeared in the *°Si NMR spectrum of
5 at —59.26, —36.68, 0.43, and 137.93 ppm, which is consistent
with the solid-state structure. In the IR spectrum of 5, two
strong absorption bands appeared at 2071 cm ™" and 2102 cm ™,
which were assigned to the CN‘Bu groups.

With Nis cluster 5 in hand, we investigated whether its
thermolysis would enable the formation of disilylketenimine 4.
Indeed, 4 was formed in 42% yield, as evident from the integral
value of the ‘Bu signal relative to that of an internal standard
anisole, after keeping a C¢Dg solution of 5 at 60 °C for 1 week. At
80 °C, the thermolysis of 5 was completed within 24 h to afford 4
in 58% yield. In both cases, the nickel species decomposed
during the course of this reaction (Scheme 5). This result clearly
indicates that the (u;-n>-R3Si — C=C — NR',) alkyne moiety in
5 is converted into disilylketenimine 4 to produce the deni-
trogenative coupling product involving two CN‘Bu molecules.

When 1c was treated with 5 equiv. of Ni(cod), and 7 equiv. of
CN'Bu, pentanuclear nickel cluster 5, which includes
a (u3-m2-R3S8i — C=C — NR'Z) unit, was formed. The generation
of a p;m%-R3Si — C=C — NR/, moiety could be interpreted in
terms of the denitrogenative reductive coupling of two mole-
cules of CN'Bu, i.e., in terms of the coupling of one molecule of
CN’Bu with a carbide moiety that could be generated via bond
cleavage of the C=N bond in CN'Bu. It should be noted here
that electrophile-induced coupling between a carbyne (CR)
moiety and n'-coordinated isocyanides on the molybdenum
center of a mononuclear complex has already been reported.”
This transformation might be relevant to our reaction, i.e., the
coupling of the Si-surrounded carbide moiety and an additional
molecule of CN‘Bu to form the metal-coordinated alkyne
moiety. However, the carbyne moiety in the aforementioned
report does not directly originate from the isocyanide. These
results imply that denitrogenative reductive coupling of two
molecules of CN‘Bu via activation of the inactive C=N bond

Bu_ N
1l
C
|é + decomposed
/ . )
CeDg thsi\ :Sith Ni species
heat N
Bu
4, 42% (60 °C, 1 week)
5 58% (80 °C, 24 h)

(based on Si)

Scheme 5 Thermolysis of Nis cluster 5 to produce 4.
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effectively occurred on the nickel cluster framework supported
by four silylene (SiPh,) units derived from 1c. Subsequently, the
thermolysis of 5 led to the formation of disilylketenimine 4. The
formation of disilylketenimine 4 might be interpreted in terms
of liberation of the pi;-n?-R3Si — C=C — NR', unit followed by
tautomerization.

It should be mentioned here that Driess and co-workers re-
ported that divalent silicon compounds, i.e., silylenes, located
adjacently through a xanthene or ferrocenyl linker promote
deoxygenative homocoupling involving two molecules of CO or
heterocoupling involving one molecule of CO and one molecule
of CNXyl (Xyl = 2,6-dimethylphenyl) to form C=C=0 or C=
C=NXyl units via cleavage of the C=O0 bond.’ It is thus prob-
able that the silylene “SiPh,” moieties generated upon the
insertion of the nickel species into the Si-Si bonds in 1¢ might
play a crucial role to activate the inactive C=N bond in CN‘Bu.
Ito et al. reported another example of the scission of the C=N
bond of isocyanides assisted by organosilicon moieties, ie.,
a Pd-catalyzed C=N bond cleavage in the reaction of aryl iso-
cyanides with linear tetra- or hexasilanes, while alkyl iso-
cyanides remained intact.'® These studies suggest that the
reaction mechanism of our dinuclear nickel system should be
different.

Conclusions

In conclusion, sequential cleavage of C=N bonds and forma-
tion of C=C bonds involving two molecules of CN‘Bu were
achieved on a multinuclear nickel cluster framework sur-
rounded by four silylene moieties, followed by the formation of
a disilylketenimine via thermolysis. First, the formation of Ni,
cluster 3 was confirmed by the reaction of 1c with a 2 : 5 mixture
of Ni(cod), and CNBu in toluene at 65 °C. One outstanding
structural feature of Ni, cluster 3 is that the carbide and imido
(N“Bu) moieties were generated via cleavage of the C=N bond in
CN'Bu. Then, 1c was treated with a 5 : 7 mixture of Ni(cod), and
CN'Bu in toluene at 65 °C, which resulted in the formation of
Ni; cluster 5, which contains a p;-n2-R;Si — C=C — NR', unit.
We found that thermolysis of 3 or 5 leads to the formation of
disilylketenimine 4. Although the transformation from 3 to 5 by
adding 3 equiv. of Ni(cod), and 2 equiv. of CN‘Bu was
unsuccessful,} the structural features of 3 and 5 could imply the
following reaction sequence of C=N bond cleavage and C=C
bond formation. First, cleavage of the C=N bond occurs on the
Ni, center to afford a silylene-supported carbide and the N'Bu
moiety. On the other hand, incorporation of five nickel moieties
may activate the C=N bond and simultaneously form the
p3-n%-R3Si — C=C — NR', unit. A subsequent thermolysis of the
formed Ni clusters could then lead to disilylketenimine 4 as the
final product. In total, denitrogenative reductive coupling of two
molecules of CN‘Bu was realized on the nickel cluster frame-
work surrounded by four SiPh, moieties without the use of any
strong reducing reagents such as KCg. As isocyanides are
isoelectronic to CO, the results shown here could provide some
insight into the transformation of CO with the aid of multiple
metal atoms on active metal surfaces, such as in the Fischer-
Tropsch process.
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