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Summary: The disilane derivative 2-(dichloromethyl-
silyl)-2-methyl-1,3-diphenyl-1,3,2-diazasilolidine was
reacted with a salen-type tetradentate ligand to yield
a pentacoordinate methylsilane with a silylated ligand.
This surprising rearrangement reaction—with Si—Si
bond cleavage and Si—C bond formation at 0 °C without
a catalyst and without special external energy input such
as irradiation—is confirmed by X-ray structure analysis
as well as 1H, 13C, and 29Si NMR spectroscopic data of
this novel hypercoordinate silicon complex.

Chlorodisilanes, usually byproducts of the Mueller—
Rochow Process, are interesting starting materials for
various approaches in preparative organosilicon chem-
istry. The thermodynamically weak Si—Si bond of the
disilanes is quite inert toward Lewis acids. In the
presence of donor atoms (e.g. imine nitrogen atoms) the
Si—Si bond of many disilanes with s--donor substituents
(e.g. —Cl, —F, —OMe) is easily broken under extrusion
of a donor-stabilized silylene, which undergoes subse-
quent reactions such as polymerization and typical
silylene trapping reactions.! Disilanes can be reacted
with 1,2-diimines to give N,N'-silylated enediamines
(Scheme 1a).2 An analogous approach for the prepara-
tion of O,0’-bis(trichlorosilyl)hydroquinones from quino-
nes and hexachlorodisilane® was also reported (Scheme
1b). The 1,4-addition of disilanes to 1,3-dienes under
Si—C bond formation (Scheme 1c) can be catalyzed by
fluoride ions or transition-metal complexes.* The 1,2-
addition reactions of disilanes to aldehydes (Scheme
1d)*2d as well as to CC multiple bonds® also require the
use of catalysts. In 2003, the palladium-catalyzed 1,2-
addition reaction of disilanes with imines to form one
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Si—C and one Si—N bond (Scheme 1d) was published
by Tanaka et al.®

A novel approach of Si—C bond activation by hexa-
coordination of organosilanes with salen-type ligands
(Scheme 2) has been recently published.” Irradiation of
such hexacoordinate diorganosilanes with UV light
gives rise to the breaking of a Si—C bond, resulting in
the formation of a covalent Si—N bond and rearrange-
ment of one organic substituent. The current objective
was to explore the possibility of cleaving the Si—Si bond
of a disilane in a similar manner.

2-(Dichloromethylsilyl)-2-methyl-1,3-diphenyl-1,3,2-
diazasilolidine (2), a disilane with a bulky substituent,
was selected as a suitable educt for the investigation.
It is easily available by reacting 1,1,2,2-tetrachloro-1,2-
dimethyldisilane with N,N'-diphenylethylenediamine/
triethylamine in toluene, similar to the published
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Scheme 2. Si—C Bond Activation by
Hexacoordination and UV Irradiation
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method by Schmidbaur et al.8 Crystals for X-ray struc-
ture analysis were grown from n-hexane/toluene. The
molecular structure of 2 is presented in Figure 1.

The bond length Si1—Si2 (2.358 A) is within the usual
range of Si—Si single bonds. The ClaMeSi group has a
staggered conformation to the substituents at Sil, as
can be seen from the torsion angle C1-Si1-Si2—Cl21
with 161.1°. Both silicon atoms are tetrahedrally sur-
rounded by their substituents. The angle N1-Si1—N2
is diminished to 93.5°, due to formation of the five-
membered diazasilolidine ring. Despite the Si atom’s
position in a five-membered cycle, the bond distances
Si1—N1, Si1—N2, and Sil—C1 are comparable with
those of similarly substituted noncyclic silanes.!® The
five-membered silaheterocycle has the envelope confor-
mation. The carbon atom C10 is situated 0.450 A above
the plane N1-Si1-N2, while atom C9 is far less
displaced in the opposite direction (0.033 A). The
nitrogen atoms have slightly pyramidalized coordination
spheres (sum of angles 356.6° at N1 and 354.5° at N2).
Owing to the only restrained refinement of the rota-
tionally disordered —SiMeCl; group, its Si—C and Si—
Cl bond distances cannot be compared with those of
other disilanes.

2 was reacted with the tetradentate salen-type ligand
1 in the presence of triethylamine. Surprisingly, the
product of this reaction was not the disilane 3 with a
hexacoordinate Si atom but rather complex 4, which was
isolated in large quantities (Scheme 3). Even the 2°Si
NMR spectrum of the crude product solution did not
provide any evidence for Si-containing byproducts.
Single crystals of 4 were grown from 1,2-dichloroethane.
Figure 2 shows the molecular structure of this novel
complex.
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Figure 1. Molecular structure of 2 in the crystal state®
(ORTEP plot with 50% probability ellipsoids; hydrogen
atoms and less occupied (40%) part of the rotationally
disordered —SiMeCl; group omitted).

Figure 2. Molecular structure of 4 in the crystal statel!
(ORTEP plot with 50% probability ellipsoids; hydrogen
atoms and less occupied (30%) part of the disordered —OMe
group O3—C15 omitted).

Scheme 3. Si-Si Bond Cleavage and Si—C Bond
Formation
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The molecular structure of 4 reveals the formation of
the product where the Si—Si bond was cleaved. One
silicon atom (Sil) is coordinated by the tetradentate
salen-type ligand, thus forming a pentacoordinate sili-
con complex. The diazasilolidine group containing Si2
is attached to one of the previous imine carbon atoms
(C32). This new Si—C bond has transformed the salen-
type ligand into an amine—imine—bis(oxo) chelate
ligand. As in other pentacoordinate silicon complexes
with salen-type ligands,”!2 the coordination sphere of

MeO
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Scheme 4. Suggested Mechanism 1 for the Formation of 4
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the silicon atom is distorted trigonal bipyramidal,
involving the axial angle O2—Si1—N1 of 179.16°. This
value significantly differs from the axial angle in
complex 1b (171.49°). As reported also in other cases,
the dative Si—N bond is situated in an axial position.
The bond length of Si1—N1 (1.992 A) is significantly
shorter than the analogous one in complex 1b (2.036
A), which has a comparable coordination sphere of the
silicon atom. The other four bonds to the Si atom, Sil—
N2, Si1—-01, Si1—-02, and Si1—C31 in 4, do not differ
much from those of 1b. According to “Gutmann’s
Rules”!? a lengthening of the axial bonds along with an
increasing axial angle up to 180° had to be expected. In
contrast with this, the nearly ideal axially situated bond
Si1—N1 of 4 is much shorter than the bond in 1b, where
the axial angle is much smaller than 180°. Thus, it must
be assumed that remarkable covalent bonding interac-
tions along the axes of these trigonal-bipyramidal
complexes occur by means of a 4e—3c bond. In this case,
an intense orbital overlap must be expected in the case
of an axial angle of 180°. However, the shortening of
the dative Si—N bond does not influence the imine bond
length N1=C7 in 4 (1.295 A), which is still in the range
of a common C=N double bond as it is in 1b (1.299 A).
Owing to the bulky silyl substituent at atom C22, the
C22—N2 bond of 4 (1.511 A) is significantly longer than
the analogous bond in 1b (1.492 A). The C22—C bonds
(C22—C21, C22—C23) are less affected by the bulky silyl
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group. The bond Si2—C22 is also surprisingly longer
(1.947 A) than the bond Si2—C32 (1.859 A). This
difference in Si—C bond length is expected to originate
from the repulsive interaction between the diazasiloli-
dine group and the other bulky substituents at the
carbon atom C22. Further examples of such long or even
longer Si—C bonds caused by repulsion between bulky
substituents have been published already.!

Surprisingly, the rearranged silyl group (Si2), as well
as the methyl group C31 of the pentacoordinate silicon
atom Sil, are situated on the same side of the tetraden-
tate ligand. As proven by the 22Si NMR spectrum of the
crude product solution, this is the only diastereomer
formed. Thus, an intermediate hexacoordinate disilane
with axially situated substituents Si2 and C31, such as
3 in Scheme 3, should not play a role in the formation
process of complex 4 by means of a (1,3)-sigmatropic
rearrangement. The fact that the Si—Si bond cleavage
occurred thermochemically—unlike the photochemically
driven formation of 1b from 1a—also indicates a differ-
ent kind of rearrangement mechanism. Due to the less
stable Si—Si bond, compared with Si—C, two reaction
pathways can be discussed.

(1) Assuming a single substitution of an Si-linked Cl
atom for an O atom of the tetradentate ligand followed
by stepwise chelation of the Si atom, hexacoordination
of the chelated Si atom is realized in the intermediate
complex 6 for the first time (Scheme 4). With increasing

(14) For examples of long Si—C bonds, see: (a) Kabeta, K.; Powell,
D. R.; Hanson, J.; West, R. Organometallics 1991, 10, 827. (b) Rengstl,
A.; Schubert, U. Chem. Ber. 1980, 113, 278. (c¢) Dakternieks, D.;
Jurkschat, K.; Tozer, R.; Hook, J.; Tiekink, E. R. T. Organometallics
1997, 16, 3696.
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Scheme 5. Suggested Mechanism 2 for the
Formation of 4
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coordination number, the bonds between the silicon
atom and its substituents are becoming increasingly
activated. In this system of Si—0, Si—N, Si—Cl, Si—C,
and Si—Si bonds, the last represents the thermody-
namically weakest bond. Neglecting kinetic barriers,
dissociation of the thermodynamically weaker Si—Si
bond should be preferred. After the rearrangement of 6
into 7, 4 is produced diastereoselectively by the Sx2
substitution of the second chlorine atom for the tet-
radentate ligand’s second oxygen atom.

The configuration of the monodentate ligands as-
sumed in the case of the intermediate complex 6 is
supported by the results of other research groups: the
Si—N dative bonds are preferably situated trans to
halide atoms if no trans configuration of two Si—
bonds can be formed.1?

(2) The primarily formed complex 3 is assumed to
dissociate into the pentacoordinate siliconium cation 8
with a trigonal-bipyramidal Si atom and a free silyl
anion (Scheme 5). Attack of the silyl anion at the open
side of the C=N plane affords 4

This rearrangement reaction represents a novel kind
of Si—C bond formation. It occurs at 0 °C without
catalyst and without special external energy input such
as irradiation. Further investigation of its mechanism
is currently under way.

Experimental Section

Syntheses were carried out under an inert atmosphere of
dry argon using standard Schlenk techniques. 'H, 13C, and -
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Si NMR spectra (solution) were recorded on a Bruker DPX
400 spectrometer using TMS as an internal standard. Melting
points were determined in sealed capillaries and not corrected.
Single-crystal X-ray structure analyses were carried out on a
Siemens SMART CCD diffractometer using Mo Ka radiation
(1=0.71073 A). Detailed data for the crystal structures of 2
and 4 can be found in the Supporting Information.

2 was prepared from 1,1,2,2-tetrachloro-1,2-dimethyldisi-
lane, N,N'-diphenylethylenediamine, and triethylamine in
toluene according to a published method.® The product was
purified by extraction with n-hexane. Yield: 70%. Mp: 107
°C. 'H NMR (CDCls): ¢ 0.59 (s, 3H, SiSiN,CHs), 0.89 (s, 3H,
SiSiCl;CHj3), 3.64 (m, 4H, NCH2CH:3N), 6.85 (m, 6H, Ar), 7.27
(m, 4H, Ar). 13C NMR (CDCl;): ¢ 0.3 (SiSiN2CHj3), 8.4 (SiSiCly-
CHy), 45.4 (NCH;CH:N), 115.5, 119.2, 129.4, 146.4 (Ar). *°Si
NMR (CDCls): 6 22.0 (SiSiMeCly), —5.0 (SiSiMeNsy). Anal.
Calced for C16H20N2SioCle: C, 52.30; H, 5.49; N, 7.62. Found:
C, 51.90; H, 6.00; N, 7.42.

To prepare 4, a Schlenk flask was charged with 4.0 g (8.3
mmol) of 1,6 2.7 g (26.7 mmol) of triethylamine, and 80 mL of
THF. The mixture was stirred at 0 °C, and a solution of 3.15
g (8.6 mmol) of 2 in 40 mL of THF was added dropwise within
30 min. After the mixture was stirred for 1 h at 0 °C, the
precipitated triethylamine hydrochloride was removed by
filtration and washed with THF. The volume of the filtrate
was reduced under vacuum to 70 mL, and the clear solution
was stored at 8 °C. After 3 days, the crystallized product 4
was filtered off, washed with THF, and dried under vacuum.
The volume of the filtrate was reduced to 25 mL and stored
at 8 °C. After 4 days, a second fraction of 4 was filtered off,
washed with THF, and dried under vacuum. Yield: 3.45 g (5.74
mmol, 69%). Mp: 275 °C. 'H NMR (CDCls3): 6 0.41 (s, 3H,
SitetracoordinateCHS); 1.10 (S, 3H, SipentacoordinateCH3), 195_205,
2.20—2.30, 2.70—2.80, 2.90—3.00 (m, 4H, C=NCH,CH3N), 3.59,
3.89 (m, 4H, PhNCH,CH.NPh), 3.75, 3.81 (s, 6H, OCHjs), 5.85—
7.50 (m, 26H, Ar). 3C NMR (CDCls, selected peaks): ¢ 1.0,
3.7 (SiCHj), 46.7, 47.1, 47.2, 47.9 (NCH,CH:N), 55.1, 55.6
(OCHs), 67.0 (Cnccsi), 157.6, 159.5, 161.8, 165.0 (Ar, O—C),
166.3 (C=N). 2Si NMR (CDCl;): ¢ —10.0, —106.3. Anal. Calcd
for C4H4N4O4Sis: C, 71.29; H, 5.98; N, 7.23. Found: C, 70.84;
H, 5.99; N, 7.11.
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