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One Pot Synthesis of Disilatricycloheptene Analogue and Jutzi’s Disilene
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The reaction of LIN(TMS), (TMS = Me3Si) with dichlorosilane (MesCs)SiHCI, (1) in a molar ratio of 3:2 at ambient
temperature leads to the formation of the disilatricycloheptene analogue (2). Compound 2 consists of three (three-,
four-, and five-membered) fused rings that together form a six-membered heterocyclic ring. However, the reaction of 1
with KN(TMS), affords the formation of disilene of composition E-[(TMS),N](#'-MesCs)Si=Si('-MesCs)IN(TMS),] (3)
in good yield. This is a convenient and facile route for the synthesis of 3 in a single step and supports the formation

of (MesCs)SIN(TMS), as an intermediate.

Introduction

The sterically encumbered cyclopentadienyl (Cp) and
pentamethylcyclopentadienyl (Cp*) are two of the most
fundamental organic in organometallic chemistry. The par-
ent compound CpH was known for 100 years and came to the
fore in 1951 when T. J. Kealy and R. L. Pauson discovered
the first sandwich complex “ferrocene” (°-CsHs),Fe." This
epoch-making synthesis enthroned Cp as the pre-eminent
ligand for transition and f-block metals due to its steric
shielding and its capability to bind in different coordination
modes to the metal center, which resulted in the formation of
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numerous fascinating organometallic compounds.”> ® Ad-
vancement of related compounds with main group elements
was somewhat slow, and it was also assumed that Cp* would
be more effective in low-valent main group chemistry com-
pared to Cp because the former is a better electron donor and
provides more steric shielding. The Cp* as a ligand in the
realm of the main group was initially introduced by Jutzi
etal.”® and further established by the same group through the
successful isolation of decamethylsilicocene (17°-MesCs),Si-
(IT).” This was further extended by Carmona and co-workers
when they outlined the synthesis of decamethyldizincocene, a
stable compound of Zn(I) with a Zn—Zn bond using the same
ancillary ligand.®® In view of these results, it is understandable
that chemistry with low-valent main group elements can be
further explored using Cp* as an auxiliary ligand. Jutzi
et al. developed the chemistry of (MesCs),Si as well as the
first cation of composition (M6:5C5)Si+,8b which is a stable
derivative of HSi*. However, (MesCs)SiCl is still elusive. Our
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Scheme 1. Preparation of 2
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recent success in synthesizing stable monomeric chlorosilylene
[PhC(N7Bu),SiCI]™* and N-heterocyclic carbene-stabilized di-
chloro silylene (LSiCl,, L = 1,3-bis-(2,6-diisopropylphenyl)im-
idazol-2-ylidene)”® prompted us to pursue such a target. More-
over, very recently, we demonstrated a new and convenient
route to access PhC(N7Bu),SiCl in 90% yield by utilizing
LiN(TMS), as a dehydrochlorinating agent," instead of using
hazardous chemicals like KCg, Na-naphthalene, etc. The same
technique was also used by Driess and co-workers for the facile
synthesis of heterofulvene-type germylene.'" The advantage of
using MN(TMS), (M = Li, Na, K) is (i) it is cheap and com-
mercially available and (i) the side products are MCI and
HN(TMS),, which can easily be removed from the reaction mix-
ture through filtration and evaporation. To prepare (MesCs)-
SiCl, we opted for this route by treating (MesCs)SiHCl, with
LiN(TMS),, and surprisingly it afforded a new type of tricyclic
silicon compound instead of yielding silylene. Such a type of
tricyclic silicon containing cage structures has been of interest in
recent days owing to its unique structures and nonclassical
bonding patterns. Moreover, unlike bicyclic compounds, the
examples of tricyclic silicon derivatives are rare.” To gain fur-
ther insight into the reaction, we also tried other metal amides, e.g.,
KN(TMS), and NaN(TMS),, and surprisingly we observed
the formation of disilene E-[(TMS),N]('-MesCs)Si=Si(n'-
MesCs)[N(TMS),]®° with both of them. Herein, we report the
facile synthesis of the disilatricycloheptene analogue in good
yield, a new addition in the family of silicon-substituted
strained ring compounds and a new and convenient route
to Jutzi’s disilene in a one-pot reaction.

Result and Discussion

Dichlorosilane (MesCs)SiHC, (1) was treated with LiN-
(TMS), in a molar ratio of 2:3 in toluene at ambient tempera-
ture under stirring overnight. After removal of the solvent under
vacuum, n-pentane was added and LiCl was filtered off through
Celite (Scheme 1). The solution was concentrated and stored at
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Figure 1. Anisotropic displacement parameters of 2, depicted at the
50% probability level. Hydrogen atoms are omitted for clarity. Selected
bond lengths [A] and angles [deg]: Si(1)—Si(2) 2.2915(8), CI(1)—Si(1)
2.1047(8), Si(1)—N(2) 1.7294(17), Si(2)—N(1) 1.7238(17), Si(1)—C(1)
1.922(2), Si(2)—C(5) 1.899(2), Si(2)—C(4) 1.888(2), C(1)—(C2) 1.525(3),
C(2)—(C3) 1.341(3), C(3)—(C4) 1.498(3), C(1)—C(5) 1.583(3), C(4)—C(5)
1.560(3); N(2)—Si(1)—C(1) 125.10(8), N(2)—Si(1)—CI(1) 106.90(6), C(1)—
Si(1)—CI(1) 105.98(6), N(2)—Si(1)—Si(2) 129.64(6), C(1)—Si(1)—Si(2)
79.52(6), CI(1)—Si(1)—Si(2) 105.86(3), N(1)—Si(2)—C(4) 123.55(9),
N(1)—Si(2)—C(5) 132.46(9), C(4)—Si(2)—C(5) 48.66(8), N(1)—Si(2)—
Si(1) 135.71(7), C(4)—Si(2)—Si(1) 100.73(6), C(5)—Si(2)—Si(1) 76.52(6).

—30 °C in a freezer for crystallization, which afforded colorless
needle-shaped crystals of 2. The structure of 2 was confirmed by
NMR spectroscopy, EI-MS spectrometry, elemental analysis,
and X-ray crystallography.

The "H NMR spectrum exhibits resonances for five methyl
groups attached to the five-membered ring at 6 1.24, 1.39, 1.47,
1.53, and 1.71 ppm, which shows that all methyl groups are in
chemically different environments. A broad resonance at 6 0.31
ppm indicates the presence of 36 TMS protons. The *Si NMR
spectrum exhibits four resonances (0 6.98, 7.79, —22.04, and
—47.49 ppm) which confirm the presence of four chemically
different silicon atoms. The former two resonances are assigned
to silicon atoms of the trimethylsilyl group. A sharp singlet
appeared at 6 —22.04 ppm that corresponds to the silicon atom
attached to chlorine. The remaining Si atom resonates at o
—47.49 ppm. This minor upfield shift of the latter silicon atom
with respect to the former is presumably due to strong shielding
in the strained three-membered ring. Similar behavior was also
observed in the cases of three-membered {(TMS),Si}; and
four-membered {(TMS),Si}, ring systems, where a resonance
atd — 164 ppm appears in ”Si NMR for the former one and the
latter exhibits a signal at 0 —91 ppm.'* The molecular ion is
observed in the EI-MS spectrum as the most abundant peak
with the highest relative intensity at m/z 546. Compound 2 is
easily soluble in common organic solvents and surprisingly
stable at room temperature under an inert atmosphere.

The molecular structure of 2 is shown in Figure
Compound 2 crystallizes in the monoclinic space group

1.15
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Table 1. Crystallographic Data for the X-Ray Structural Analyses of
Compounds 2 and 3

parameter 2 3

C1,H5;CIN,Sig C35 Hge N> Sig

empirical formula

fw 547.64 647.41

T (K) 100(1) 100(2)

cryst syst monoclinic monoclinic

space group P2/c P2y/n

a(A) 21.707(3) 17.655(3)

b (A) 9.2762(13) 10.1597(15)

c(A) 16.985(3) 23.368(4)

o (deg) 90 90

f (deg) 110.554(3) 110.668(2)

y (deg) 90 90

v, A3 3202.3(8) 3921.9(10)

zZ 4 4

Peales M¥ m- 1.136 1.096

“, mm 0.357 0.235

F(000) 1192.0 1424

reflns collected 66112 102129

data/restraints/params 7329/0/297 9365/0/383

GoF 1.056 1.057

R1, wR2[I > 20(])]** 0.0392 0.0404

R1, wR2 (all data) 0.0943 0.1060

ldrgest diff peak, hole (e A~ 3 0.420/—0.326 0.546/—0.324
“RI_= MIF| — |FlI[CIFl. "wR2 = [Lw(F® — F2)

SWES) ]0 ’

P2y/c (Table 1). The molecular structure of 2 displays three
different rings (three-, four-, and five-membered) fused
together, looking like a basket cavity. One of the silicon
atoms (Si2) is fused between a three-membered silacyclopro-
pane and a four-membered disilacyclobutane ring; this re-
sulted in the formation of a unique, strained, fused 1,2-
disiletane derivative with a short Si—Si bond. The Si—Si
bond is involved in the formation of a strained six-membered
heterocyclic ring with a short Si—Si single bond distance (2.29
A) that is similar to those reported for strained ring systems. '®
The central Si—Si bond distance is only about 0.05 A
shorter than the sum of the Si covalent radii (2.34 A) and about
0.07 A shorter than the Si—Si single bond distance in
ow-silicon (2.36 A) '8 Thus, it is evident that the strained four-
membered ring formation brings two silicon atoms at their
lowest possible distance, which is at the verge of the Si—Si
double bond range (Si—Si double bonds range from 2.14 to
2.29 A) It is quite clear from the structure that the five-
membered pentamethylcyclopentadienyl ring has lost its
planarity, and 7 bonding is located between two carbon
atoms C2 and C3. The C(2)—C(3) bond length (1.34 A)
confirms the double bond character whereas the bond lengths
C(1)—C(5) and C(4)—C(5) are 1.58 A and 1.56 A, respec-
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Scheme 2. Suggested Mechanism for the Formation of 2
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tively, which are in good accordance with the C—C single
bond length reported in the literature.*

Both of the silicon atoms are tetra-coordinate with distorted
tetrahedral geometry. One of the silicon atoms (Sil) is attached
to chlorine Cl1, a neighboring silicon atom (Si2), C1, and N2 to
complete the tetra-coordination with bond distances of Sil—
Cl1 =2.10, Si1—C1=1.92, and Si(1)—N(2) = 1.72 A and bond
angles of CI(1)—Si(1)—Si(2) = 105.86°, C(1)—Si(1)—CI(1) =
105.98°, N(2)—Si(1)—CI(1) = 106.90°, and C(1)=Si(l)—
Si(2) = 79.52°. Another silicon atom (Si2) is completing its
tetra-coordination geometry through nitrogen N1, silicon Sil,
and carbon atoms C5 and C4 with bond distances of Si2—C4 =
1.88, Si2—C5 = 1.89, and Sil—Si2 = 2.29 A and bond angles
N(1)—Si(2)—Si(1) = 135.71°, N(1)—Si(2)—C(4) = 123.55°,
C(4)—Si(2)—C(5) = 48.66°, and C(5)—Si(2)—Si(1) = 76.52°.

Although the mechanism for the formation of compound 2 is
still unknown, we propose that the initial step involves the
formation of N(TMS), substituted silylene A, which is not
stable enough and immediately attacks another possible inter-
mediate, B, to give the final product 2 with the elimination of
one Cp*H molecule (Scheme 2). Silylenes are well-known in the
literature to react with different unsaturated®'®~¢ molecules to
change their formal oxidation state from +2 to +4. We
presume that the N(TMS), substituted silylene A displays
in situ oxidative addition to form cycloaddition product 2.
An alternative route is also suggested for the formation of 2
through the insertion of intermediate silylene A into the Si—Cl
bond*'*! of B as an initial step and then subsequent elimination
of one Cp*H molecule to give the final product 2 (Scheme 3).
The formation of the proposed intermediate A is further
supported by the reaction given in Scheme 4.

To exploit further the facile formation of 2, we turned our
attention to different metal amides and probed the reactions of 1
with them. Accordingly, we treated 1 with KN(TMS), in a
molar ratio of 1:2 at ambient temperature in toluene (Scheme 4).
In contrast to the formation of 2, the corresponding reaction
of KN(TMS), with 1 is much faster and the color of the solu-
tion changes from colorless to bright yellow immediately. The
reaction mixture was stirred overnight and was investigated
by multinuclear NMR spectroscopy. The appearance of only
two new resonances (6 2.06 and 15.06 ppm) in the *’Si NMR
spectrum indicates the formation of a new compound. Com-
pound 3 is isolated as deep yellow colored crystals in 68% yield,

(21) (a) Haaf, M.; Schmedake, T. A.; West, R. Acc. Chem. Res. 2000, 33,
704-714. (b) Gehrhus, B.; Lappert, M. Polyhedron 1998, 17, 999-1000. (c)
Nagendran, S.; Roesky, H. W. Organometallics 2008, 27,457-492. (d) Mizuhata,
Y.; Sasamori, T.; Tokitoh, N. Chem. Rev. 2009, 109, 3479-3511. (e) Ishida,
S.; Iwamoto, T.; Kabuto, C.; Kira, M. Silicon Chemistry 2003, 2, 137-140.
(f) Ishida, S.; Iwamoto, T.; Kabuto, C.; Kira, M. Nature 2003, 421, 725-727.
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Scheme 3. Alternative Route for the Formation of 2
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Scheme 4. Synthesis of Compound 3
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Scheme 5. Multistep Synthesis of 3
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25%

and single crystals suitable for X-ray analysis were obtained by
storing a concentrated n-pentane solution at —32 °Cin a freezer.

The X-ray crystallographic data confirmed the formation
of E-{(TMS);NJ('-MesCs)Si=Si(y'-MesC[N(TMS),I™ (3),
which was previously reported by Jutzi et al. by a multistep
reaction sequence with an overall yield of 10% (Scheme 5).

Our new synthetic method will definitely develop a more
convenient protocol to access the disilene 3 in a one-step
reaction and, more importantly, in good yield. Moreover, the
formation of 3 in this method further corroborates our
proposed mechanism. Like in the previous reaction, (Mes-
C5)SIN(TMS), (A) is formed as an intermediate which
subsequently dimerizes to form the disilene 3. A similar type
of mechanism was also suggested by Jutzi et al., who reported
a reversible equilibrium between A and 3 and explained it by
steric strain in the solid disilene and flexibility in bonding
modes (o or ) of a silicon-bound pentamethylcyclopenta-
dienyl (Cp*) substituent.”> The experimental observations
were also supported by theoretical calculations.*

The formation of two different products with two different
amides [MN(TMS),, M = K, Li] encouraged us to study the
reaction with NaN(TMS), Accordingly, 1 is reacted with
NaN(TMS), under the same conditions and affords 3, how-
ever, in less yield. We presume that the formation of different
products with different metal amides is probably due to the
difference in size of the metal cations, which increases down the
group with the result that the basicity of the amide increases.

(22) Jutzi, P.; Mix, A.; Neumann, B.; Rummel, B.; Schoeller, W. W.;
Stammler, H.-G.; Rozhenko, A. B. J. Am. Chem. Soc. 2009, 131, 12137-
12143.
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Conclusion

In conclusion, the reaction of LiN(TMS), with dichlorosi-
lane (MesCs)SiHCl, (1) in a molar ratio of 3:2 at ambient
temperature leads to the formation of an analogue of disila-
tricycloheptene (2). However, the reaction of 1 with KN-
(TMYS), results in the formation of disilene (3) in good yield in
a single step and supports the mechanism for the formation of
2. The composition and constitution of compounds 2 and 3
have been supported by NMR spectroscopy, EI-MS spectro-
metry, and single-crystal X-ray diffraction studies.

Experimental Section

All manipulations were carried out in an inert atmosphere
of dinitrogen using standard Schlenk techniques and in a
dinitrogen-filled glovebox. Solvents were purified with the
MBRAUN solvent purification system MB SPS-800. Com-
pounds 1 and 3 were prepared using the literature method.'?
All chemicals purchased from Aldrich were used without
further purification. 'H, '3C, and ?°Si NMR spectra were
recorded in C4Dg with Bruker Avance DPX 200 or Bruker
Avance DRX 500 spectrometers. The chemical shifts o
are given relative to SiMey. EI-MS spectra were obtained
using a Finnigan MAT 8230 instrument. Elemental analyses
were performed at the Institut fiir Anorganische Chemie,
Universitat Gottingen. The melting point was measured in a
sealed glass tube on a Biichi B-540 melting point apparatus.

Preparation of Compound 2. To a solution of 1 (0.234 g, 1 mmol)
in toluene (30 mL) was slowly added a solution of LiN(TMS),
(0.250 g, 1.5 mmol) in toluene (20 mL) at room temperature. The
mixture was stirred overnight, and the volatiles were removed
in vacuo. n-Pentane (40 mL) was added to the residue. The solution
was filtered through Celite to remove LiCl formed during the
reaction. The solution was concentrated to 5 mL and stored at
—30 °C in a freezer for two days to yield colorless needle-shaped
crystals of 2 (0.150 g, 55%). Mp 68—70 °C. '"H NMR (500 MHz,
CgDg, 25°C): 6 1.71 (s,3H, CH3), 1.53 (s, 3H, CH3), 1.47 (s, 3 H,
CHs3), 1.39 (s, 3H, CH3), 1.24 (s, 3 H, CHs), 0.31 (br, 36 H, SiMe3)
ppm. *C{'H} NMR (125.75 MHz, C¢Ds, 25 °C): 6 1.35 (Me;Si),
4.83 (MesSi), 11.47 (Cs-CH3), 12.51 (Cs-CH3), 13.23 (Cs-CHj),
14.48 (Cs-CH3), 15.38 (Cs-CH3), 43.63 (Cs-CH3), 49.53 (C5-CH3),
54.94 (Cs-CH;),131.75 (Cs-CHs), 137.81 (Cs-CHa) ppm. Si{'H}
NMR (99.36 MHz, C¢Dg, 25 °C): 6 6.98 (SiMes), 7.79 (SiMes),
—22.04 (Sil), —47.49 (Si2) ppm. EI-MS: m/z 546 [M™] (100%).
Anal. Caled for C,,HsCIN,Sig (547.62): C,48.25; H,9.39; N, 5.12.
Found: C, 48.91; H, 9.05; N, 5.01.

Preparation of Compound 3. To a solution of 1 (0.234 g,
1 mmol) in toluene (30 mL) was added slowly KN(TMS), (0.398
g, 2 mmol) in toluene (20 mL) at room temperature. The mixture
was stirred overnight, and the volatiles were removed in vacuo. n-
Pentane (40 mL) was added to the residue. The solution was filtered
through Celite to remove KCl formed during the reaction. The
solution was concentrated to 3 mL and stored at —30 °C in a freezer
for a few days to yield deep yellow crystals of 3 (0.21 g, 68%). 'H
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NMR (200 MHz, Cg¢Dg, 25 °C): 6 1.90 (s, 30 H, CHs3), 0.23 (br,
36 H, TMS) ppm. *C{'H} NMR (125.75 MHz, C¢Ds, 25 °C): 5.6
(MesSi), 6.1 (MesSi), 11.3 (MesCs), 120.6 (MesCs) ppm. 2°Si{'H}
NMR (99.36 MHz, C¢Dy, 25 °C): 6 15.06 (Si=Si), 2.06 (SiMes)
ppm. EI-MS: m/z: 323 (M" —(MesCs)SIN(TMS),), 278 (M™*
—(MesCs)SIN(TMS), —3Me), 220 (M" —(MesCs)SiN(TMS),
—SiMe; —CHj3 —CH,). Anal. Caled for Cs3,HggN,Sig (646.38) C,
59.46; H, 10.28; N, 4.33. Found: C, 59.06; H, 9.98; N, 4.21.
Crystal Structure Determination. Shock-cooled crystals were
selected and mounted under a nitrogen atmosphere using
X-TEMP2."* The data for 2 and 3 were collected at 100(2) K
on an INCOATEC Mo Microsource'® with Quazar mirror
optics and an APEX II detector on a D8 goniometer (see
Table 1). The diffractometer was equipped with a low-tempera-
ture device and used Mo Ka radiation, A = 0.71 A. The data of 2
and 3 were integrated with SAINT, and an empirical absorption

(23) Sheldrick, G. M. SADABS 2008/2; University of Gottingen:
Gottingen, Germany, 2008.
(24) Sheldrick, G. M. Acta Crystallogr., Sect. A 2008, 64, 112-122.
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(SADABS) was applied.> The structures were solved by direct
methods (SHELXS-97) and refined by full-matrix least-squares
methods against F2 (SHELXL-97).2* All non-hydrogen atoms
were refined with anisotropic displacement parameters. The
hydrogen atoms were refined isotropically on calculated posi-
tions using a riding model with their Ui, values constrained to
equal to 1.5 times the U,y of their pivot atoms for terminal
sp’ carbon atoms and 1.2 times for all other carbon atoms.
Disordered moieties were refined using bond length restraints
and isotropic displacement parameters restraints.
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