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ABSTRACT: The 1- and 2-disilagermirenes and cy-
clotrisilene were reacted with carbon tetrachloride or
1,2-dibromoethane to give almost quantitatively the
corresponding dihalocyclotrimetallane derivatives.
The crystal structure of 1,2-dichloro-1,2,3,3-tetrakis-
[di-tert-butyl(methyl)silyl]-1,2-disilagermirane show-
ed a trans arrangement of the two chlorine atoms in
the three-membered ring system. Reduction of the di-
halocyclotrimetallanes with t-Bu3SiNa quantitatively
produced the corresponding starting cyclotrimetal-
lenes. � 2001 John Wiley & Sons, Inc. Heteroatom
Chem 12:223–226, 2001

INTRODUCTION

The chemistry of highly strained cyclotrimetallanes
consisting of group 14 elements heavier than carbon,
which constitute now a well established class in the
organometallic chemistry of group 14 [1], has at-
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tracted considerable attention because of their
unique structures and great synthetic possibilities.
Since the first discovery of cyclotrisilanes [2], cyclo-
trigermanes [3], and cyclotristannanes [4] by Masa-
mune’s group in the early 1980s, the chemistry of
such molecules has been greatly developed during
the last two decades concerning their synthesis,
structural characterization, and reactivity. The reac-
tivity of cyclotrimetallanes was found to be very in-
teresting because they can serve as convenient pre-
cursors for both heavy carbene analogues and
doubly-bonded species (dimetallenes). Mixed cyclo-
trimetallanes consisting of different group 14 ele-
ments are of special interest because one can imag-
ine the generation of the unusual heteronuclear
dimetallenes (such as germasilenes, germastanne-
nes) from them. Nevertheless, only four examples of
mixed cyclotrimetallanes have been reported so far:
siladigermirane [5], two disilagermiranes [6,7], and
germadistannirane [8]. Cyclotrimetallenes (R4M3, M
� Si, Ge, Sn), that is, the compounds with endo-
cyclic metal-metal double bonds, were prepared a
few years ago: cyclotrigermenes were prepared in
1995 [9], cyclotrisilenes were prepared in 1999
[10,11], and cyclotristannene was prepared in 1999
[12]. Quite recently, we have succeeded in the prep-
aration of the first mixed cyclotrimetallenes consist-
ing of two different group 14 elements: 1- and 2-dis-
ilagermirenes [13]. These compounds exhibit an
enhanced reactivity arising from the combination of
highly reactive metal-metal double bond and highly
strained three-membered ring skeleton in one mol-
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FIGURE 1 ORTEP drawing of 4 (hydrogen atoms are omit-
ted for the clarity). Selected bond lengths (Å): Si1–Si2,
2.342(2); Si1–Ge1, 2.467(1); Si1–Si3, 2.416(1); Ge1–Si5,
2.469(1); Si1–Cl1, 2.125(1). Selected bond angles (�): Si1–
Ge1–Si2, 56.7(0); Ge1–Si1–Si2 61.7(0).SCHEME 1

ecule, which gives an access to the new cyclic and
bicyclic compounds by the addition and cycloaddi-
tion reactions [14]. Here we report the reactivity of
cyclotrimetallenes toward the halogenated hydro-
carbons with the formation of the corresponding
1,2-dihalo derivatives, which in turn can be easily
converted back to the starting cyclotrimetallenes un-
der the action of the reducing agent like t-Bu3SiNa.

RESULTS AND DISCUSSION

The reaction of the 1- and 2-disilagermirenes (1) and
(2) with excess carbon tetrachloride results in the
formation of the corresponding dichloroadducts in
an almost quantitative yield, without any side prod-
ucts (Scheme 1). The cyclotrisilene (3) also readily
reacts with carbon tetrachloride to give the 1,2-di-
chloroadduct [15]. This reaction proceeded imme-
diately, even at low temperature, and during the re-
action, the color of the reaction mixture changed
from dark red to yellow, at which time the NMR
spectra showed the absence of the starting material.
Evaporation of excess CCl4 left a yellow residue,
which was found to be practically pure dichlorocy-
clotrimetallanes (4), (5), and (6). The reaction of cy-
clotrisilene 3 with 1,2-dibromoethane yielded the
corresponding dibromocyclotrisilane (7). Of the two
possible stereoisomers, only one was formed in the
reaction of the cyclotrimetallenes with CCl4 or 1,2-
dibromoethane. All the new compounds 4–7 were
isolated as air stable yellow crystals. The structures
of compounds 4–7 were established on the basis of
spectral data, elemental analysis, and X-ray
crystallography.

For compounds 4, 6, and 7, 1H and 13C NMR
spectra showed the existence of two sets of signals
from the different methyl groups and four reso-
nances for the nonequivalent tert-butyl groups. This
indicates that the two halogen atoms are in trans po-
sitions relative to each other. 29Si NMR spectra re-
vealed four resonances for 6 and 7 and three reso-
nances for 4, from which the two upfield signals (in
the case of 4 only one) belong to the endocyclic sil-
icon atoms, and the others belong to the silyl sub-
stituents. Compound 5 has no elements of symmetry

and therefore produced more complicated spectra
than compounds 4, 6, and 7. Thus, the 1H and 13C
NMR spectra of 5 showed three resonances (with
two signals overlapping) for the methyl groups, and
seven signals (with two signals overlapping) for the
nonequivalent tert-butyl groups. The 29Si NMR spec-
trum showed all the silicon atoms to be nonequiva-
lent: �106.9 and �29.4 (endocyclic Si atoms), 21.7,
26.0, 27.0 and 39.3 ppm (exocyclic Si atoms).

The crystal structure of 1,2-dichloro-1,2,3,3-te-
trakis[di-tert-butyl(methyl)silyl]-1,2-disilagermirane
(4) was determined by X-ray analysis, as shown in
Figure 1. The crystal structure data confirms that the
two chlorine atoms are arranged in a trans configu-
ration to each other, which is in agreement with the
previously established trans geometry from the
NMR data. Such geometry may be caused by the pro-
posed radical mechanism [16] and the relative sta-
bility of the products. In the case of compound 4, the
endocyclic Si–Si and Si–Ge bond lengths of 2.342(2)
and 2.467(1) Å, respectively, lie in a normal region
and are quite similar to those of disilagermirane re-
ported by Watanabe [7]. The two t-Bu2MeSi groups
attached to Si(1) and Si(2) atoms occupy the less
hindered pseudo-equatorial positions, whereas the
two chlorine atoms occupy the pseudo-axial posi-
tions, as determined by the angles between the three-
membered ring plane and the Si–R vector (R � t-
Bu2MeSi and Cl): 146.2� for tBu2MeSi, and 115.7� for
Cl. This geometry causes an elongation of Si–Cl bond
(2.125(1) Å) relative to the average value of 2.05 Å
[17].

It is interesting that the reactions of the dihalo-
cyclotrimetallanes, 4–7, with t-Bu3SiNa, produced
quantitatively the corresponding starting cyclotri-
metallenes, 1, 2, and 3 (Scheme 1). The reactions
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proceeded very quickly and cleanly without the for-
mation of any side products, except for t-Bu3SiCl (or
t-Bu3SiBr), and t-Bu3SiSi-t-Bu3. The reaction was
easily monitored visually, by the change in color
from yellow due to the compounds 4–7, to an intense
red, characteristic for the compounds 1–3. It is likely
that the reaction pathway includes an electron-
transfer step with a halogen-sodium exchange to
form an anionic intermediate, which then quickly
undergoes elimination of NaX to form the final cy-
clotrimetallenes 1, 2, and 3. Therefore, such dihalo-
cyclotrimetallanes can be considered as an unusual
but convenient and very effective source for the
preparation of cyclotrimetallenes.

EXPERIMENTAL

General

All experiments were performed in an inert atmo-
sphere of MBRAUN MB 150B-G glove-box and high-
vacuum line techniques. All solvents were dried and
degassed over potassium mirror in vacuo prior to
use. NMR spectra were recorded on a Bruker AC-
300 FT NMR spectrometer, and mass spectra were
obtained on JEOL JMS SX-102 instrument. Cyclo-
trimetallenes were prepared according to the litera-
ture: 1- and 2-disilagermirenes [13a] and cyclotrisi-
lene [11].

Typical Procedure for the Synthesis of
Dihalocyclotrimetallanes (4–7)

An excess of dry CCl4 (1 mL) was added through a
vacuum transfer to a 1-disilagermirene 1 (35 mg,
0.04 mmol). Reaction immediately took place after
melting of CCl4 at low temperature, and the color of
the reaction mixture was changed from dark red to
yellow. The resulting 1,2-dichloro-1,2-disilagermi-
rane 4 was isolated after evaporation of CCl4 as yel-
low crystals in 98% (37.5 mg) yield, m.p. 221–223�C
(dec.). Analytically pure sample can be obtained by
the recrystallization from toluene. 4: 1H NMR d
(C6D6) 0.40 (s, 6H, Me), 0.51 (s, 6H, Me), 1.26 (s, 18H,
t-Bu), 1.28 (s, 18H, t-Bu), 1.31 (s, 18H, t-Bu), 1.35 (s,
18H, t-Bu); 13C NMR d (C6D6) �3.5, 3.1, 23.0, 23.2,
23.3, 24.1, 30.3, 30.5, 31.0, 31.5; 29Si NMR d (C6D6)
�34.0, 20.3, 36.2; Anal. calcd. for C36H84Cl2GeSi6: C,
52.15; H, 10.21. Found: C, 51.85; H, 10.53.

Compound 5: bright-yellow crystals, 95% (36
mg), m.p. 140–142�C (dec.). 1H NMR d (C6D6) 0.43 (s,
3H, Me), 0.46 (s, 6H, Me), 0.57 (s, 3H, Me), 1.26 (s,
9H, t-Bu), 1.27 (s, 9H, t-Bu), 1.28 (s, 18H, t-Bu), 1.30
(s, 9H, t-Bu), 1.31 (s, 9H, t-Bu) 1.32 (s, 9H, t-Bu), 1.37

(s, 9H, t-Bu); 13C NMR d (C6D6) �3.0, �2.9, 2.9 (2C),
22.7, 23.0, 23.4, 23.5, 23.7 (2C), 23.8, 24.0, 29.9, 30.2,
30.4, 30.5, 31.06, 31.13, 31.6 (2C); 29Si NMR d (C6D6)
�106.9, �29.4, 21.7, 26.0, 27.0, 39.3; Anal. Calcd.
for C36H84Cl2GeSi6: C, 52.15; H, 10.21. Found: C,
51.86; H, 10.07.

Compound 6: pale-yellow crystals, 91% (50 mg),
m.p. 222�C (dec.). 1H NMR d (C6D6) 0.42 (s, 6H, Me),
0.46 (s, 6H, Me), 1.27 (s, 18H, t-Bu), 1.29 (s, 18H, t-
Bu), 1.30 (s, 18H, t-Bu), 1.35 (s, 18H, t-Bu); 13C NMR
d (C6D6) �3.3, 3.0, 22.8, 23.1, 23.3, 23.6, 30.2, 30.4,
31.0, 31.6; 29Si NMR d (C6D6) �127.1, �37.2, 21.9,
27.0; Anal. Calcd. for C36H84Cl2Si7: C, 55.11; H, 10.79.
Found: C, 54.92; H, 10.90.

Compound 7: pale-yellow crystals, 88% (40 mg),
m.p. 207�C (dec.). 1H NMR d (C7D8) 0.42 (s, 6H, Me),
0.51 (s, 6H, Me), 1.24 (s, 18H, t-Bu), 1.287 (s, 18H,
t-Bu), 1.294 (s, 18H, t-Bu), 1.35 (s, 18H, t-Bu); 13C
NMR d (C7D8) �2.4, 4.5, 22.9, 23.7, 23.8, 23.9, 30.5,
30.6, 31.2, 31.9; 29Si NMR d (C7D8) �125.9, �53.2,
21.0, 27.8; Anal. Calcd. for C36H84Br2Si7: C, 49.50; H,
9.69. Found: C, 49.88; H, 9.92.

Typical Procedure for the Reduction of
Dihalocyclotrimetallanes (4–7) with t-Bu3SiNa

Dry THF-d8 (0.5 mL) was introduced by a vacuum
transfer to a mixture of dichlorodisilagermirane 5
(30 mg, 0.04 mmol) and t-Bu3SiNa (16 mg, 0.07
mmol). Reaction immediately proceeded even at low
temperature, and the color of the reaction mixture
became dark red, at which time the NMR spectra of
the reaction mixture showed the quantitative for-
mation of the sole compound: 2-disilagermirene 2
[13].

X-ray Crystallography of 1,2-Dichloro-1,2,3,3-
tetrakis[di-tert-butyl(methyl)silyl]-1,2-
disilagermirane (4)

A single crystal of 4 for X-ray diffraction was grown
from a toluene solution. Diffraction data were col-
lected at 120 K on a Mac Science DIP2030 Image
Plate Diffractometer with a rotating anode (50 kV, 90
mA) employing graphite-monochromatized Mo K�
radiation (k � 0.71070 Å). The structure was solved
by the direct method and refined by the full-matrix
least-squares method using SHELXL-97 program.
Crystal data for 4 at 120 K: C36H84Cl2GeSi6, MW �
829.06, monoclinic, C2/c, a � 22.904(3), b �
13.034(1), c � 18.012(3) Å, b � 114.962(8)�, V �
4875(1) Å3, Z � 4, Dcalcd � 1.130 g/cm3. The final R
factor was 0.0663 for 5208 reflections with I � 2r (I)
(wR2 � 0.2038 for all data). GOF � 1.058.
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