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The intramolecular bissilylation of 3,3,6,6,7,7,10,10-octamethyl-3,6,7,10-tetrasilacyclodecyne (4a) at 110
°C with a catalyst of Pd(OAc)2/1,1,3,3-tetramethylbutyl isocyanide under 5000 bar produced 2,2,2",2',5,5,5',
5'-octamethyl-2,2',5,5'-tetrasilabicyclopentylidene (5a). 2,2,2",2,5,5,5',5'-Octamethyl-2,2',5,5'-tetragermabi-
cyclopentylidene (5b) was also synthesized by the same method. The reaction of 5a with alkali metals (Li,
Na, K, Rb, and Cs) in THF gave the corresponding dianion dialkali metals. The structures of 5a, (2,2,2',2',5,
5,5',5’-octamethyl-2,2’,5,5'-tetrasilabicyclopentylidene)bis[(tetrahydrofuran)lithium(I)] (6a), and (2,2,2',2',5,
5,5',5'-octamethyl-2,2',5,5'-tetrasilabicyclopentylidene)bis[(tetrahydrofuran)sodium(I)] (6b) were studied by
X-ray crystallography as well as NMR spectroscopic means. The central anionic C-C bond is not twisted for

6a, whereas it is twisted by 17.1° for 6b.

Interest in the reactivity, structure, and bonding of
organic alkali metal compounds, especially the organo-
lithium compound, has remarkably increased in re-
cent years.)'? We previously reported on the unique
structure of [1,1,2,2-tetrakis(trimethylsilyl)ethylene]-
bis[(tetrahydrofuran)lithium(I)] (2) obtained from the
reaction of tetrakis(trimethylsilyl)ethylene (1) with
lithium metal (Scheme 1).» The crystal structures of
lithium derivatives of silyl-substituted styrene,® silyl-
substituted benzenes,® and persilyl-substituted cyclo-
pentadienide® were also recently reported.

In the dilithium derivative 2, two lithium cations were
bonded to two anionic carbons to give a structure dou-
bly-bridged by lithium. The most interesting feature
is that both the dilithium derivative 2 and the pre-
cursor ethylene 17 twist along the central C-C bond
by 33.6° and 29.5°, respectively. Although the steric
and/or electronic factor should be considered, the rea-
son why the dilithium 2 twists by 33.6° still remains
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unclear. A study of the dilithium derivative from the
planar tetrasilyl-substituted ethylene will provide an
answer to this question. We thus designed a new 2,
2,2'2'.5,5,5' 5'-octamethyl-2,2' 5,5'-tetrasilabicyclopen-
tylidene (5a) as a planar, or almost planar, ethylene.
We wish to report herein on a detailed study of dialkali
metals from 5a, including the crystal structure of 1,2-
disodium derivative.®9

Results and Discussion

Synthesis of 5a and 5b. The introduction of
a silyl group causes remarkable steric and electronic
perturbations to the 7-system.'® Various per-silyl sub-
stituted ethylenes have been synthesized by our lab-
oratory via disilacyclobutene prepared by the addi-
tion of the reactive MeySi=SiMes with disilyl-acety-
lenes,1010b,10¢,10d,10e,10) Thyg  tetrakis(trimethylsilyl)-
ethylene (1) was prepared by heating 7,7,8,8-tetra-
methyl- 1- phenyl- 7, 8- disilabicyclo[2.2.2]octa- 2, 5- diene
with bis(trimethylsilyl)acetylene followed by bromi-
nation and subsequent methylation. However, this
method has been limited to only the acyclic ones. Re-
cently, Ito et al. reported on the intramolecular bissilyl-
ation reaction of the C—C triple bond in the presence of
palladium(II) acetate/tert-alkyl isocyanide under high
pressure.’’ This method was applied to hitherto un-
known 2,2,2',2' 5,5,5’,5'-octamethyl-2,2' 5,5'-tetrasilabi-
cyclopentylidene and 2,2,2',2".5,5,5' 5'-octamethyl-2,2',
5,5'-tetragermabicyclopentylidene. The cyclic silyl eth-
ylene and its germanium analog were thus prepared as
outlined in Schemes 2 and 3.
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1,1,2,2-Tetramethyl-1,2-divinyldisilane was subjected
to hydrosilylation by chlorodimethylsilane followed by
a treatment with dilithioacetylene to produce 3,3,6,6,7,
7,10,10-octamethyl-3,6,7,10-tetrasilacyclodecyne (4a),
a precursor of the intramolecular bissilylation. Heating
of the cyclic acetylene at 110 °C with a catalyst of Pd-
(OAc)y/1,1,3,3-tetramethylbutyl isocyanide under 5000
bar cleanly gave rise to 5a. Chromatography by silica
gel with hexane followed by sublimation and recrystal-
lization afforded pure 5a as pale-yellow crystals in 60%
yield. A high pressure of 5000 bar is crucial for this
reaction.

The germanium analog 5b was also prepared in a sim-
ilar manner. 1,1,2,2-Tetramethyl-1,2-divinyldigermane
was reacted with dichlorophenylgermane followed by
methylation to give 1,2-bis[2-(dimethylphenylgermyl)-
ethyl]-1,1,2, 2- tetramethyldigermane. ~Dephenylative
chlorination of the digermane afforded 1,2-bis[2-(chlo-
rodimethylgermyl)ethyl]-1,1,2,2-tetramethyldigermane
(8b), which was treated with dilithioacetylene to afford
cyclic 3,3,6,6,7,7,10,10-octamethyl-3,6,7,10-tetragerma-
cyclodecyne (4b). The intramolecular bisgermylation
of 4b at 110 °C with Pd(OAc)3/1,1,3,3-tetramethylbu-
tyl isocyanide under 5000 bar led to the formation of
5b as pale-yellow crystals.

The structure of 5b was confirmed by spectroscopic
data. The mass spectrum showed the molecular ion
peaks in the range of m/z 482—500, in agreement with
the calculated formula of Ci4H32Ges. The 'H and
I3CNMR spectra are fully consistent with the highly
symmetrical structure: 'HNMR (CDCl3) §=0.26 (s, 24
H, CH3), 1.03 (s, 8 H, CHy); 13C NMR (CDCl;) §=-0.1
(CH3), 13.2 (CHs), 182.0 (C=C). The '3C chemical shift
of the olefinic carbon of 5b (§=182.0) is close to that
of the silyl analog 5a (§=189.5).

The intramolecular bissilylation and bisgermylation
of the cyclic acetylenes with palladium(II) acetate/1,1,3,
3-tetramethylbutyl isocyanide catalyst under high pres-
sure was successful for 5a and 5b. However, attempts
to synthesize tetrakis(trimethylsilyl)ethylene (1) by an
intermolecular reaction of hexamethyldisilane and bis-
(trimethylsilyl)acetylene with Pd(OAc)2/1,1,3,3-tetra-
methylbutyl isocyanide failed. Several attempts to pre-
pare tetrakis(trimethylgermyl)ethylene also failed.

Crystal Structure of 5a. Figure 1 shows the
molecular structure of 5a determined by the X-ray
diffraction method. The molecule has a crystallographic
2-fold axis. Selected bond lengths, bond angles, and di-
hedral angle are listed in Table 1. The bond lengths
of 5a are almost similar to those of 1.7 However, be-
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Fig. 1. ORTEP drawing of 5a: left, top view; right, side view.

Table 1. Selected Bond Distances (A), Angles (deg),
and Dihedral Angle (deg) of 5a

Bond distances

Si1-C1 1.906(2) Sil-C2 1.879(2)
Si1-C4 1.872(2) Si1-C5 1.867(2)
Si2—C1 1.905(2) Si2—-C3 1.887(2)
Si2-C6 1.868(4) Si2-C7 1.874(2)
Cc1-C1’ 1.369(2) C2-C3 1.548(4)
Bond angles

C1-8i1-C2 100.7(1) Cl1-Si1-C4 109.5(1)
C1-8i1-C5 117.7(1) C2-8i1-C4 108.2(1)
C2-8i1-C5 109.0(1) C4-Si1-C5 111.0(1)
C1-8i2-C3 100.9(1) C1-Si2-C6 117.3(1)
C1-Si2-C7 109.8(1) C3-Si2-C6 110.0(1)
C3-8i2-C7 107.0(1) C6-Si2-C7 111.0(1)
Si1-C1-Si2 104.5(1) Si1—C1-C1’ 127.4(1)
Si2—-C1-C1’ 128.1(1) Si1-C2-C3 107.0(1)
5i2-C3-C2 106.4(2)

Dihedral angle
Si(1)-C(1)-Si(2)/Si(1")-C(1")-Si(2") 4.8

cause of the fixed structure due to 5-membered rings,
the bond angles of 5a are slightly different from those
of 1, and the Si-C=C angles (127.4° and 128.1°) are
enlarged compared with 1 (124.1°). Atoms Sil, Si2,
C1, and C1’, and Sil’, Si2’, C1’/, and C1 are strictly
coplanar. Neither twisting along the C—C double bond
nor pyramidalization of the sp? carbons was observed.
Thus, the dihedral angle between the planes Sil-C1-Si2
and Sil’-C1’'-8i2’ is 4.8°.

Reaction with Alkali Metals.  The reaction of
5a with excess lithium metal in dry oxygen-free THF
at room temperature gave a yellow solution of the eth-
ylene dianion within one hour. The two-electron reduc-
tion occurred quantitatively.'® After the solvent was
removed in vacuo, degassed toluene was introduced by
vacuum transfer. Crystallization from a toluene solu-
tion afforded (2,2',5,5'-tetrasilabicyclopentylidene)bis-
[(tetrahydrofuran)lithium(I)] (6a) as extremely air and
moisture sensitive yellow crystals (Scheme 4).

NMR data are most informative concerning the

structure in solution, and particularly observations of
13C-5Li scalar coupling are useful. The anionic carbons
of 6a in toluene-dg appeared at 6=11.0 as a quintet
(Jr3g—s1,;=3.1 Hz) due to coupling with two equivalent
8Li (I=1). A SLiNMR signal was observed at §=1.72
with satellite signals due to *C. The quintet signal of
the anionic carbons implies the lithium doubly-bridged
structure for 6a.

The NMR spectra of 6a in THF-dg are very similar to
that in toluene-ds. The anionic carbons in THF-dg ap-
peared at 6=10.7 as a broad signal at 298 K; however,
this signal was split into a quintet (Jisg—sp;=2.7 Hz)
at 230 K. ®Li NMR resonance was observed at §=1.71.
Thus, the doubly-bridged structure of lithium is main-
tained even in THF-dg, in contrast to 2.1

The cyclic ethylene 5a also underwent a two elec-
tron reduction, not only by lithium, but also by sodium,
potassium, rubidium, and cesium in THF to give dark-
red solutions of the dianions of 6b (Na), 6¢c (K), 6d
(Rb), and 6e (Cs). The first 1,2-disodium ethylene
derivative without an aromatic ring was isolated as
dark-red crystals.? Thus, the reduction of ba with ex-
cess sodium in THF at room temperature gave a dark-
red solution of the ethylene dianion within one hour.
Crystallization from a toluene solution afforded (2,2,2/,
2/.5,5,5',5'-octamethyl-2,2',5,5 - tetrasilabicyclopentyl-
idene)bis|(tetrahydrofuran)sodium(I)] (6b).

The 13C and 2°Si NMR data of 6a (Li), 6b (Na), 6¢
(K), 6d (Rb), and 6e (Cs) with those of the precursor
5a are summarized in Table 2. These chemical shifts
provide good information which can be used to esti-
mate the localized negative charge on carbon and sili-
con of the resulting dianions. Thus, the anionic carbons

Table 2. NMR Spectral Data of 5a and 6a—6e at 298 K

5a® 6a® 6b® 6c” 64> 6e”

C~ 189.5910.7 13.9 224 247 295
IBCNMR CH; 0.1 53 60 62 62 6.0

CH, 105 14.1 139 146 14.7 148
293iNMR —-3.9 —6.5 —10.9 —13.7 —14.8 —15.5
a) CDCl3. b) THF-ds. c) Olefinic carbon.
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appreciably shift to a higher field (6=10.7—29.5) from
0=189.5 of the olefinic carbon by reduction. Methyl
and methylene carbons of the dianions shift slightly to
a lower field. The 2°Si resonance ranges from §=—6.5 in
6a (Li) to 6=—15.5 in 6e (Cs). This higher field change
of the 29Si chemical shift accounts for an increase of the
ionic character; also the four silicon atoms can stabilize
the negative charge by a prt—c™ interaction. In contrast,
the 13C resonance of the anionic carbons moves in the
opposite direction from §=10.7 in 6a (Li) to §=29.5 in
6e (Cs). This is reasonably explained by the fact that
the polarizing effect of the counter cation on the elec-
tron density at the anionic carbons is proportional to
the size of the cation.!®

Crystal Structures of 6a (Li) and 6b (Na).
Figures 2 and 3 show the molecular structures of 6a and
6b, which were confirmed by X-ray diffractions. The
molecule of 6a has a crystallographic 2-fold axis and

mirror symmetry, whereas that of 6b has only a crys-
tallographic 2-fold axis. Oxygen atoms of THF in 6a
are crystallographically disordered. The bond lengths,
bond angles, and dihedral angle are listed in Tables 3
and 4. A geometrical comparison of 5a, 6a, and 6b is
made in Table 5.

Several interesting features of the structures of 6a
and 6b can be pointed out. The cations in 6a and 6b
are three-coordinated, being bonded to THF in addition
to two anionic carbons. The bond length of the central
C—-C bond is significantly stretched from 1.369 A in 5a
to 1.575 A in 6a and 1.579 A in 6b. The bond lengths
of the Si~C(sp?) bonds (1.825 A for 6a and 1.807 A for
6b) are remarkably shortened compared to 5a (1.906
A) by pr-o* conjugation. In contrast, the bond lengths
of the Si-CH; bonds (1.901 A for 6a and 1.919 A for
6b) are somewhat elongated with respect to 5a (1.870

Fig. 2. ORTEP drawing of 6a.

Fig. 3. ORTEP drawing of 6b.
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Table 3. Selected Bond Distances (&), Angles (deg),
and Dihedral Angle (deg) of 6a

Bond distances

Si1(1)-C1(1) 1.825(4) Sil(1)-C2(1) 1.868(9)
Si1(1)-C3(1) 1.913(8) Sil(1)-C4(1) 1.889(7)
01(1)-Li1(1) 1.871(11) C1(1)-C1(3) 1.575(9)
C1(1)-Lil(1) 2.061(12) C1(1)-Lil(3) 2.065(12)

Bond angles
C1(1)-Si1(1)-C2(1) 103.2(3) C1(1)-Sil(1)-C3(1) 117.1(3)
C1(1)-Si1(1)-C4(1) 117.2(3) C2(1)-Sil(1)-C3(1) 105.1(3)
C2(1)-Si1(1)-C4(1) 108.4(3) C3(1)-Sil(1)—-C4(1) 105.0(4)
Si1(1)-C1(1)-Si1(2) 106.0(4) Si1(1)-C1(1)-C1(3) 127.0(1)
C1(3)-C1(1)-Lil(1) 67.7(4) C1(3)-C1(1)-Lil(3) 67.4(4)
C1(1)-Lil(1)-C1(3) 44.9(3)

Dihedral angle
Si1(1)-C1(1)-Si1(2)/Si1(3)—-C1(3)-Sil(4) 0.0

Table 4. Selected Bond Distances (A), Angles (deg),
and Dihedral Angle (deg) of 6b

Bond distances

Si1-C1 1.807(6) Si1-C3 1.879(11)
Sil-C4 1.919(9) Si1-C5 1.923(9)
Si2-C2 1.806(7) Si2-C6 1.866(10)
Si2-C7 1.907(10)  Si2-C8 1.927(8)
C1-C2 1.579(15) O1-Nal 2.293(6)
C1-Nal 2.487(4)  C2-Nal 2.501(4)
Bond angles

C1-8i1-C3 103.5(4) C1-Si1-C4 116.7(3)
C1-8i1-C5 118.5(3) C3-Si1-C4 108.7(5)
C3-8i1-C5 105.5(4) C4-Si1-C5 103.3(4)
C2-S8i2-Cé6 104.1(5) C2-8i2-Cr7 118.9(3)
C2-8i2-C8 116.5(3) C6-Si2-C7 105.7(5)
C6-Si2—C8 108.8(5) C7-Si2—C8 102.1(4)
C1-Nal-C2 36.9(3) Sil-C1-Sil’  106.5(5)
Si1-C1-C2 126.8(3) Nal-C1-C2 72.0(2)
Si2-C2-Si2’ 106.0(5) Si2-C2-C1 127.0(2)
Nal-C2-C1 71.1(2)

Dihedral angle
Si1-C1-Sil1’/Si2-C2-Si2’ 17.1

A). The pr-o* interaction is apparently enhanced in
6b due to an increased ionic character. The bond an-
gles of Si—C(sp?)-C(sp?) (127.0° for 6a and 126.9° for
6b) and C(sp?)-Si—C(sp?) (106.0° for 6a and 106.3°
for 6b) are almost the same as those of 5a (127.8° and
104.5°, respectively). The dilithium derivative 6a has a
completely planar structure, which is similar to that of
the precursor olefin 5a (4.8°); therefore, the geometry
of the bicyclopentylidene 5a is essentially retained after
lithiation. On the other hand, disodium derivative 6b is
twisted by 17.1°, resulting from an increased electronic
repulsion.’® The twisting angle is evidently influenced
by the counter cation. The dianion halves of 6a and 6b
are unexpectively not twisted perpendicularly to each
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Table 5. Selected Bond Lengths (A), Bond Angles
(deg), and Dihedral Angles (deg) of 5a, 6a, and
6b?

Ly P
| M
Me, M Ve Me,Si SiMe,
989
Var T2 W g _ w
Me; M Mep Me,Si 1 SiMez
| I o =twist angle
b Lo
5a 6a (Li) 6b (Na)

c-C 1.369 (2)»  1.575 (9)¥  1.579 (15)%

Cc-M — 2.063 (12)  2.494 (4)

C-Si 1.906 (2) 1.825 (4) 1.807 (6)

Si-CHs  1.870 (2) 1.901 (7) 1.919 (9)

Si—CH, 1.883 (2) 1.868 (9) 1.873 (10)

Si-C-C  127.8 (1) 127.0 (1) 126.9 (2)

Si-C-Si  104.5 (1) 106.0 (4) 106.3 (5)

w 4.8 0.0 17.1
a) Standard deviations are in parentheses. b) C-C

double bond. c¢) Anionic C-C bond.

other, due to a Coulombic attraction between the anion
and cation centers. The magnitude of such an attrac-
tive interaction depends on the distance between the
anion and cation centers, as well as the radii of the
cations. The distances of Lit and Nat from the an-
ionic carbons are 2.063 and 2.494 A, respectively. It
can therefore be concluded that the group 1 complexes
of 5a prefer a planar geometry to the perpendicular
structure, but larger cations tend to have more twist
structures along the central C—C bond. It is interesting
to note that in this respect the dianion halves for the
charge-transfer salt of decamethylcobaltcene tetracya-
noethylene, {[Co(CsMes)s]}2T [(NC)2CC(CN)q]?~, are
reported to be twisted by 87.1° due to a rather weak
interaction between the anion and cation centers.!®
Conclusion. Owing to the electronic repulsion of
the adjacent negative charge in ethylene dianion, the
central C-C bond should be stretched and twisted. In-
deed, an MNDO calculation predicts a perpendicular
structure with a dihedral angle of 90°.°® However, an
ab initio calculation takes into consideration the fact
that the effect of counter cations is important.'” A the-
oretical calculation of 1,2-dilithioethane suggests that a
trans structure with partially or symmetrically lithium-
bridged geometry is most stable, whereas the perpendic-
ular structure is calculated to be much higher in energy
than the trans bridged planar one.!”® The present stud-
ies provide clear evidence for a planar lithium-doubly
bridged structure based on the X-ray crystallography
as well as the NMR characteristics. In addition, it has
been revealed that the twisting angle is influenced by
the counter cation. Thus, the sodium derivative twists
to yield a dihedral angle of 17.1° caused by the sig-
nificant ionic character, whereas the dilithium one is
planar in order to maintain the effective Coulombic at-
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traction between the anion and cation centers. For [1,
1,2,2-tetrakis(trimethylsilyl)ethylene]bis|(tetrahydrofu-
ran)lithium(I)] (2), it undergoes twisting in order to
relieve the steric repulsion rather than the electronic
one.

Experimental

General Procedure. 'HNMR spectra were recorded
on a Bruker AC-300 FT spectrometer. !3C, 2°Si, ©Li,
2Na, %K, and **CsNMR spectra were collected on a
Bruker AC-300 at 75.5, 59.6, 44.2, 79.4, 14.0, and 39.4
MHz, respectively. ®Li, 2*Na, **K, and '**CsNMR spec-
tra are referenced to 1 M LiCl in methanol/toluene-ds (1
M=1 moldm™®) or 1 M LiCl in THF-ds, saturated NaCl
in water/toluene-ds or saturated NaCl in THF-ds, satu-
rated KBr in water/THF-dg, and saturated CsNQs in wa-
ter/ THF-ds, respectively. Mass spectra and high-resolution
mass spectra were obtained on a Shimadzu QP-1000 or a
JEOL JMS D-300 mass spectrometer. Electronic spectra
were recorded on a Shimadzu UV-2100 spectrometer. A
high-pressure synthesis was carried out by using a Hikari-
kouatsukiki Co., Model 0235. The sampling of 6a and 6b
for X-ray crystallography was carried out by using a Giken
Engineering Service GBX-1200 gas-replacement type glove
box. Tetrahydrofuran, hexane, and toluene were dried and
distilled from sodium benzophenone ketyl. Pentane was
treated with concentrated sulfuric acid, dried, and then dis-
tilled from sodium benzophenone ketyl. These solvents were
further dried and degassed over a potassium mirror in vacuo
prior to use. Benzene-dgs, toluene-ds, and THF-ds were
dried over molecular sieves, and then transferred into a tube
covered with potassium mirror prior to use. Lithium-6 (95
atom%) metal was commercially available (Aldrich Chemi-
cal Company).

1,2-Bis[2-(chlorodimethylsilyl)ethyl]-1,1,2,2-tetra-
methyldisilane (3a). A 2-propanol solution of dihy-
drogen hexachloroplatinate(IV) hydrate (0.6 M, 8 ml, 0.005
mol%) as a catalyst was added to a mixture of 1,1,2,2-tetra-
methyl-1,2-divinyldisilane (17.2 g, 101 mmol) and chlorodi-
methylsilane (38.0 g, 402 mmol) with stirring under argon.
An exothermic reaction occurred. The excess chlorosilane
was removed in vacuo, and distillation afforded 33.7 g (93.7
mmol, 92.8%) of 3a as a colorless oil, bp 100—120 °C/0.08
mmHg (1 mmHg=133.322 Pa). '"HNMR (CDCl;) §=0.04
(s, 12 H), 0.38 (s, 12 H), 0.52—0.63 (m, 4 H), 0.64—0.75 (m,
4 H); *CNMR. (CDCl3) §=—4.2, 1.0, 6.5, 12.2; 2°SiNMR,
(CDCl3) §=-15.0, 32.4. HRMS Found: m/z 358.0980.
Calcd for 012H320125i4: M, 358.0958.

3,3,6,6,7,7,10,10-Octamethyl-3,6,7,10-tetrasilacy-
clodecyne (4a). To a mixture of butyllithium (1.71 M, 90
ml, 154 mmol), THF (50 ml), and Et2O (50 ml) was added
dropwise trichloroethylene (6.75 g, 51.4 mmol) at —78 °C.
The reaction mixture was allowed to warm to rocm temper-
ature to give a solution of dilithioacetylene. THF solution
of 3a (18.5 g, 51.4 mmol) and the solution of dilithioacety-
lene were added dropwise simultaneously in THF (500 ml)
over 5 h at room temperature. The reaction mixture was
stirred overnight. The usual workup followed by Kugelrohr
distillation afforded 10.0 g (32.0 mmol, 62.2%) of 4a as a
colorless oil, bp 70—110 °C/0.08 mmHg. "HNMR. (CDCl3)
6=0.05 (s, 12 H), 0.11 (s, 12 H), 0.50—0.59 (m, 4 H), 0.72—
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0.81 (m, 4 H); *CNMR. (CDCl3) §=-2.9, —2.7, 7.5, 10.5,
116.0; 2SiNMR, (CDCl3) 6=—14.6, —12.0. HRMS Found:
m/z 312.1575. Caled for C14H3z2Sis: M, 312.1581.

2,2,2',2' 5,55 5'-Octamethyl-2,2',5,5'-tetrasilabicy-
clopentylidene (5a). The cell (4 ml) used for high-pres-
sure synthesis was charged with 4a (650 mg, 2.08 mmol),
1,1,3,3- tetramethylbutyl isocyanide (140 pl, 15 mmol),
palladium(1l) acetate (22.0 mg, 98 mmol), and toluene (3
ml). The mixture was heated under 5000 bar at 110 °C for
12 h. The reaction mixture was chromatographed on silica
gel with hexane, and then sublimation followed by recrystal-
lization from ethanol afforded 392 mg (1.25 mmol, 60.3%)
of Ba as pale-yellow crystals, mp 118—119 °C. 'HNMR
(CDCl3) 6=0.13 (s, 24 H), 0.76 (s, 8 H); *CNMR (CDCls)
6=0.1, 10.5, 189.5; ?°SiNMR, (CDCl3) §=-3.9; UV (hex-
ane) Amax/nm (&) 235 (15400), 379 (160). HRMS Found:
m/z 312.1589. Calcd for C14H32Sia: M, 312.1581.

1, 2- Bis[2- (dimethylphenylgermyl)ethyl]- 1,1, 2, 2-
tetramethyldigermane. Dichlorophenylgermane (2.7
g, 12.2 mmol) was slowly added to 1,1,2,2-tetramethyl-1,2-
divinyldigermane (1.56 g, 6.00 mmol) at 0 °C and stirred
overnight at room temperature to give 1,2-bis[2-(dichlo-
rophenylgermyl)ethyl]-1,1,2,2-tetramethyldigermane (4.2 g,
6.00 mmol) as colorless solids. Without purification, this
was treated with methylmagnesium bromide. The usual
workup followed by Kugelrohr distillation afforded 2.9 g
(4.67 mmol, 78.1%) of the title compound, bp 170—190
°C/0.04 mmHg. 'HNMR (CDCl3) §=0.15 (s, 12 H), 0.33
(s, 12 H), 0.76—0.97 (m, 8 H), 7.27—7.35 (m, 6 H), 7.38—
7.47 (m, 4 H); '3 CNMR (CDCl3) §=—4.1, 10.4, 11.5, 128.2,
128.5, 133.6, 141.7. HRMS Found: m/z 626.0135. Calcd for
Cz4H42Ge4: M, 626.0134.

1, 2- Bis[2- (chlorodimethylgermyl)ethyl]- 1,1, 2, 2-
tetramethyldigermane (3b). A dry hydrogen chlo-
ride was introduced to a chloroform solution of 1,2-bis[2-
(dimethylphenylgermyl)ethyl]-1,1,2,2-tetramethyldigermane
(4.67 mmol, 2.9 g) and a catalytic amount of aluminum
chloride (ca. 10 mg) at room temperature. The reaction
was followed by gas chromatography and HNMR. Af-
ter completion of the reaction, acetone (1 ml) was added
to the mixture. The solvent was removed in vacuo, and
then hexane (15 ml) was added. Removal of the re-
sulting aluminum chloride-acetone complex followed by
Kugelrohr distillation afforded 2.1 g (3.91 mmol, 83.6%)
of 3b, bp 110—130 °C/0.04 mmHg. ‘HNMR (CDCl;)
6§=0.21 (s, 12 H), 0.66 (s, 12 H), 0.86—0.97 (m, 4 H),
1.10—1.20 (m, 4 H); ®)CNMR (CDCl;) §=—4.4, 2.5,
8.8, 17.1; MS (rel intensity) m/z 527 for C11H29Cla"*Gey
(M+ - Me; 4), 525 fOI‘ Cl1H2901272Ge174G63 (M+ -
Me; 6), 523 for Ci11Hz0Cla?Gex™*Ges (MY —Me; 7),
521 for C11H29Cl22Ges™Ge; (M —Me; 6), 519 for
C11H29Cla"2Gey (MT—Me; 4), 507 (15), 505 (24), 503 (29),
501 (28), 499 (21), 375 (5), 373 (7), 371 (8), 369 (6), 273 (35),
271 (80), 269 (100), 267 (82), 265 (40), 139 (25), 137 (19),
119 (47), 117 (36). HRMS Found: m/z 526.8511. Calcd for
C11H29ClGeys: (M'—Me), 526.8493.

3,3,6,6,7,7,10,10-Octamethyl-3,6,7,10-tetragerma-
cyclodecyne (4b).  This was obtained in 23% yield by
a procedure similar to the synthesis of 4a; bp 100—150
°C/0.04 mmHg (Kugelrohr). 'HNMR (CDCls) §=0.21 (s,
12 H), 0.29 (s, 12 H), 0.82—0.94 (m, 4 H), 1.07—1.19 (m,
4 H); 3 CNMR (CDCl3) §=-3.5, —2.6, 10.0, 13.7, 114.1.
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HRMS Found: m/z 495.9359. Calcd for C14HzaGes: M,
495.9351.

2,2,2',2',5,5,5',5'-Octamethyl-2,2',5,5'-tetragermabi-
cyclopentylidene (5b). This was obtained in 59% yield
by a procedure similar to the synthesis of 5a; mp 165—
166 °C. 'HNMR (CDCl3) 6§=0.26 (s, 24 H), 1.03 (s, 8 H);
I3CNMR (CDCl3) §=—0.1, 13.2, 182.0; UV-vis (hexane)
Amax/nm (g) 198 (18100), 226 (14200), 314 (sh, 20), 351
(80). HRMS Found: m/z 495.9344. Calcd for C14H32Geq:
M, 495.9351.

(2,2,2',2',5,5,5',5'-Octamethyl-2,2',5,5'-tetrasilabi-
cyclopentylidene)bis[(tetrahydrofuran)lithium(I)]
(6a). The pale yellow-crystals of 5a (200 mg, 0.64 mmol)
and lithium metal (30 mg, 4.3 mmol) were put in a Schlenk
tube with a magnetic stirrer. After degassing, dry oxygen-
free THF (3 ml) was introduced by vacuum transfer and
stirred at room temperature to give a yellow solution of the
dianion within 1 h. After the solvent was removed in vacuo,
degassed toluene was introduced by vacuum transfer. Then
after removing the lithium metal, the solution was concen-
trated and cooled to afford yellow crystals of 6a. 'HNMR
(toluene-dg) 6=0.41 (s, 24 H), 1.13 (s, 8 H), 1.30—1.38 (m,
8 H), 3.52—3.59 (m, 8 H); '"HNMR, (THF-dg) 6=0.06 (s, 24
H), 0.63 (s, 8 H); *CNMR (toluene-dg) 6=5.7 (CHs), 11.0
(quint, Jiag—sr;=3.1 Hz, CLi), 14.5 (CHz), 25.6 (THF), 69.2
(THF); ®*CNMR (THF-dg) §=>5.3 (CH3), 10.7 (CLi), 14.1
(CHz); *°SiNMR (toluene-ds) §=—6.2; 2°Si NMR, (THF-ds)
§=—6.5; °Li NMR (toluene-dg) 6=1.72; °Li NMR. (THF-dg)
6=1.71.

(2,2,2',2',5,5,5',5'-Octamethyl-2,2',5,5'-tetrasilabi-
cyclopentylidene)bis[(tetrahydrofuran)sodium(I)]
(6b).  This was obtained by a procedure similar to the
synthesis of 6a as dark red-crystals. "HNMR, (toluene-dg)
6=0.35 (s, 24 H), 1.03 (s, 8 H), 1.26—1.34 (m, 8 H), 3.32—
3.40 (m, 8 H); '"HNMR. (THF-dg) §=0.05 (s, 24 H), 0.60
(s, 8 H); ®*CNMR (toluene-dg) §=6.8 (CHs), 13.9 (CHa),
14.7 (CNa), 25.5 (THF), 68.6 (THF); *CNMR (THF-ds)
5§=6.0 (CH3), 13.9 (CH; and CNa); 2°SiNMR (toluene-dg)
6=-10.6; ?°SiNMR. (THF-dg) §=-10.9; 2NaNMR (tol-
uene-dg) §=-2.8 (v1,2=2120 Hz); **Na NMR (THF-ds)
6=—6.1 (11,,=2100 Hz).

Dipotassium (6c). '"HNMR, (THF-dg) 6§=0.04 (s,
24 H), 0.54 (s, 8H); *CNMR (THF-dg) §=6.2 (CH;), 14.6
(CHs), 22.4 (CK); *SiNMR (THF-dg) 6=—13.7; ** K NMR
(THF-ds) 6=0.04.

Dirubidium (6d). 'HNMR (THF-dg) §=0.04 (s, 24
H), 0.52 (s, 8 H); '*CNMR (THF-dg) §=6.2 (CHs), 14.7
(CHa), 24.7 (CRb); 2°SiNMR (THF-dg) §=—14.8.

Dicesium (6e). '"HNMR (THF-dg) 6=0.06 (s, 24
H), 0.53 (s, 8 H); '3CNMR (THF-dg) §=6.0 (CH3), 14.8
(CHa2), 29.5 (CCs); **SiNMR (THF-dg) 6§=—15.5; 133Cs
NMR (THF-ds) 6§=87.0 (v4/2="70 Hz).

X-Ray Crystallography. Single crystals of 6a and 6b
for X-ray diffractions were grown from a toluene solution. A
single crystal was selected, cut to a suitable size, and sealed
in a capillary glass tube. The X-ray crystallographic exper-
iments were performed on a Rigaku-Denki AFC 5R diffrac-
tometer equipped with graphite-monochromatized Mo K«
radiation (A=0.71069 A) or Cu Ko radiation (A=1.54178

A).
Crystal data of 5a: MF=C4H3,Sis, MW=312.76, mono-
clinic, a=18.274(3), 5=9.200(1), c=13.145(2) A, g=
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116.38(1) °, V=1979.7(6) A®, space group=C2/c, Z=4,
Dealea=1.049 gecm™3. The final R factor was 0.0448 (Ry, =
0.0456) for 2259 reflections with Fo>30(Fo).

Crystal data of _6a: MF=022H43LiQOQSi4, MW=47085,
monoclinic, a=17.551(18), b=9.438(7), ¢=9.520(4) A, =
108.89(4) °, V=1492.1(20) A3, space group=C2/m, Z=2,
Dealca=1.048 gecm™3. The final R factor was 0.0923 (Ry =
0.0913) for 1606 reflections with Fo>30(Fs).

Crystal data of 6b: MF2022H48N32028i4, MW:50294,
monoclinic, a=9.715(1), b=11.383(4), c=13.728(3) A, 8=
99.06(1) °, V=1499.1(6) A3, space group=P2/c, Z=2,
Deatca=1.114 gem™3. The final R factor was 0.0880 (Rw=
0.0921) for 1698 reflections with F, >30(F,). Tables of po-
sitional and thermal parameters and complete interatomic
distances and angles have been deposited as Document No.
68053 at the Office of the Editor of Bull. Chem. Soc. Jpn.
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