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The chemistry of electrophilic silicon compounds is a well
established and intensively studied area, whereas their
nucleophilic counterparts, the so-called silyl anions, enjoyed
much less attention for a long time. This is quite astonishing,
considering the high popularity of the tris(trimethylsilyl)silyl
group, which is mainly introduced through the respective silyl
anion, in main group and organometallic chemistry. However,
over the last few years this situation has changed and anionic
silyl compounds are now the subject of increased investiga-

tions.[1] Recently, in this context, we have reported the
synthesis of oligosilyl anions by cleavage of trimethylsilyl
groups with potassium tert-butoxide.[2] This reaction can be
regarded as a variation of the method developed by Gilman
et al. for the synthesis of oligosilyllithium compounds by
cleavage of trimethylsilyl groups with methyllithium.[3] An
advantage of using potassium alkoxides instead of alkyllithi-
um compounds becomes evident in the reaction with higher
oligosilanes. In cases where there are additional Si�Si bonds
besides the ones between the central silicon atom and the
peripheral trimethylsilyl groups, these ×inner× bonds are
cleaved exclusively by methyllithium,[3] whereas potassium
tert-butoxide selectively removes a trimethylsilyl group.[2, 4]

The access to these higher silyl anions opened the possibility
of studying the prospects for the synthesis of multiply
metalated oligosilanes.[4, 5]

Therefore, we treated bis[tris(trimethylsilyl)silyl] com-
pounds, bridged with one (1a)[2, 6] or two (2a)[7] dimethylsi-
lylene units with potassium tert-butoxide in THF at elevated
temperatures (Scheme 1). Following a fast first metalation
step,[2, 5, 8] the subsequent formation of the dianion takes place
more easily when the negative charges are further apart.
Whereas the reaction of 2a to the dianion, occurs at a very low
rate, even at room temperature, the conversion of 1a requires
prolonged heating to 60 �C.

Scheme 1. Synthesis of mono- and dipotassium compounds.

Concerning their reactivity 1c and especially 2c behave
almost like isolated silyl anions. Derivatization reactions like
hydrolysis (�4), alkylation with dimethyl sulfate (�3)[9] and
the formation of homo- and heterocyclic rings by the reactions
with dimethylsilyl (�5),[10] dimethyltin (�6),[11] and metal-
locene dihalides (�7, 8) proceed very cleanly (Scheme 2). In
contrast to what is found for lithium silanides,[12] the THF
molecules of 1b,c and 2b,c are not bound very firmly. They
can be removed in part in vacuum; therefore, depending on
the conditions of isolation a different content of donor
molecules can be observed for these compounds.

Control of conversion and characterization of the silyl
anions can be achieved most easily by 29Si NMR spectroscopy.
The formal exchange of one trimethylsilyl group for a
potassium atom results in a shift of the resonance signal of
the affected silicon atom of ���60 to lower frequencies. At
the same time the trimethylsilyl groups in �-position experi-
ence a shift of ��� 4 ± 5 in the opposite direction. The second
metalation step from 2b to 2c effects an additional slight shift
of the 29Si resonance signal of the metalated nucleus to lower
frequency (��� 192), which is in accordance with previous
observations with alkylidene-bridged dianions.[5] In contrast
to this 1c exhibits an NMR signal for the metalated silicon
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atoms at ���173. Compared to the resonance of the
monometalated compound (1b) this corresponds to a shift
of ��� 15 to higher frequencies.[13]

The silyl compounds of the early transition metals can be
synthesized most easily by the salt elimination reaction of silyl
anions with metal halides.[14] Because of the limited avail-
ability of silyl dianions, early metal compounds with bidentate
silyl ligands are only scarcely known.[15] Therefore, 2c was
tested for its reactivity with zircono-
cene and hafnocene dichlorides
(Scheme 2). The respective reac-
tions proceeded very cleanly to give
the expected zirconocena- (7) and
hafnocenacyclopentasilanes (8),
which, to the best of our knowledge,
are the first examples of these types
of compounds.[15] Both compounds
could be characterized unambigu-
ously by single-crystal X-ray struc-
ture analysis (Figures 1 and 2).[16, 17]

We oriented our studies of the reactivity of these metal-
lacyclopentanes on work by Tilley et al. on silyl metal-
locenes,[18, 19] and carried out reactions with hydrogen, 1-iso-
cyano-2,6-dimethylbenzene, and carbon monoxide. As ex-
pected the reaction of 7 with hydrogen led to the quantitative
formation of the dihydridometallocene and 1,4-dihydro-
1,1,4,4-tetrakis(trimethylsilyl)tetramethylsilane (4)
(Scheme 3). Reaction of 7 with the isonitrile also proceeded

very cleanly to the insertion product (9) (Scheme 3). Even in
the presence of excess isonitrile only one insertion step occurs.
In contrast to this, reactions of 7 and 8 with CO did not lead to
uniform products. However, it could be shown that the first
reaction step of insertion of CO into a silcon ±metal bond is
reversible.[19a] This reaction is currently under investigation.

Experimental Section

All manipulations were carried out under exclusion of oxygen and
moisture, either by conventional Schlenk techniques or through the use
of a glove box under a nitrogen atmosphere.

1c, 2c : The starting material (1a, 2a ; 0.61 mmol) was mixed with two
equivalents (0.135 g, 1.22 mmol) of potassium tert-butoxide, THF (2 mL)
and C6D6 (1 mL) were added, and the mixture was heated to 60 �C in a 10-
mm NMR tube, either with an attached teflon stop cock or flame sealed.
The conversion was monitored by 29Si NMR spectroscopy.

1c : 1H NMR (300 MHz, THF, C6D6, 25 �C, TMS): �� 0.91 (s, 6H; SiMe2),
0.51 (s, 36H; SiMe3); 13C-NMR (75.4 MHz, THF, C6D6, 25 �C, TMS):

Scheme 3. Reactions of 7.

Figure 1. Structure of 7 in the crystal. Selected bond lengths [ä] and angles
[�]: Si(1)-Zr(1) 2.8264(19), Si(4)-Zr(1) 2.8497(19), Si(2)-Si(3) 2.351(4),
Si(1)-Si(2) 2.387(3), Si(3)-Si(4) 2.378(3), Si(1)-Si(5/6) 2.369(3)/2.376(3),
Si(4)-Si(7/8) 2.380(3)/2.386(3), Si(1)-Si(2)-Si(3) 109.25(11), Si(2)-Si(3)-
Si(4) 112.79(11), Si(6)-Si(1)-Si(5) 101.42(11), Si(8)-Si(4)-Si(7) 99.46(11),
Si(1)-Si(5)-Zr(1) 121.09(9), Si(1)-Zr(1)-Si(4) 97.70(6).

Scheme 2. Reactions of 2c.

Figure 2. Structure of 8 in the crystal. Selected bond lengths [ä] and angles
[�]: Si(1)-Hf(1) 2.791(14), Si(4)-Hf(1) 2.823(15), Si(2)-Si(3) 2.342(3), Si(1)-
Si(2) 2.385(2), Si(3)-Si(4) 2.379(2), Si(1)-Si(5/6) 2.374(2)/2.371(3), Si(4)-
Si(7/8) 2.382(2)/2.381(2), Si(1)-Si(2)-Si(3) 108.05(9), Si(2)-Si(3)-Si(4)
111.38(9), Si(6)-Si(1)-Si(5) 100.84(9), Si(8)-Si(4)-Si(7) 99.22(9), Si(1)-
Si(5)-Hf(1) 119.90(7), Si(1)-Hf(1)-Si(4) 96.41(5).
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�� 8.50 (SiMe3), 2.28 (SiMe2); 29Si NMR (99.3 MHz, THF, C6D6, 25 �C,
TMS): ���5.3 (SiMe3), �16.5 (SiMe2), �172.0 (SiK).

2c : 1H NMR (500 MHz, THF, C6D6, 25 �C, TMS): �� 0.67 (s, 12H; SiMe2),
0.57 (s, 36H; SiMe3); 13C-NMR (125.9 MHz, THF, C6D6, 25 �C, TMS): ��
8.66 (SiMe3), 3.33 (SiMe2); 29Si NMR (99.3 MHz, THF, C6D6, 25 �C, TMS):
���4.1 (SiMe3), �26.7 (SiMe2), �191.6 (SiK).

7: Zirconocene dichloride (0.50 g, 1.90 mmol, 30% excess) and 2c
(1.46 mmol) were dissolved at room temperature with toluene (5 mL),
and the reaction mixture immediately became deep red. After two hours
the solvent was removed at reduced pressure, and the residue was dissolved
in pentane. After filtration the product was crystallized at �30 �C and
obtained as deep red crystals. Yield: 0.90 g (1.30 mmol, 89%). A suitable
single crystal was used for an X-ray structure analysis. 1H NMR (500 MHz,
C6D6, 25 �C, TMS): �� 6.29 (s, 10H; Cp�H), 0.45 (s, 12H; SiMe2), 0.43 (s,
36H; SiMe3); 13C NMR (125.9 MHz, C6D6, 25 �C, TMS): �� 108.80 (Cp),
6.93 (SiMe3), 2.19 (SiMe2); 29Si NMR (99.3 MHz, pentane/D2O capillary,
25 �C, TMS): ���2.4 (SiMe3), �29.2 (SiMe2), �65.2 (SiZr); elemental
analysis(%) calcd for C26H58Si8Zr (Mr� 686.65): C 45.48, H 8.51; found: C
45.01, H 8.47; UV (cyclohexane): �max (�)� 302 (4000), 466 (800), 556 nm
(250).

8 : Synthesis and isolation of 8 ([Cp2HfCl2] (0.64 g, 1.68 mmol); 2c
(1.28 mmol)) were accomplished analogously to that of 7. Compound 8
was obtained as deep red crystals in 85% yield (0.84 g; 1.08 mmol), which
were suitable for a single crystal X-ray structure analysis. 1H NMR
(500 MHz, C6D6, 25 �C, TMS): �� 6.21 (s, 10H; Cp), 0.49 (s, 12H; SiMe2),
0.44 (s, 36H; SiMe3); 13C NMR (125.9 MHz, C6D6, 25 �C, TMS): �� 108.32
(Cp), 7.05 (SiMe3), 2.43 (SiMe2); 29Si NMR (99.3 MHz, pentane/D2O
capillary, 25 �C, TMS): ���2.0 (SiMe3), �27.8 (SiMe2), �52.2 (SiHf);
elemental analysis (%) calcd for C26H58HfSi8 (Mr� 773.91): C 40.35, H 7.55;
found: C 39.79, H 7.56; UV (cyclohexane): �max (�)� 210 (50000), 344
(3100), 412 (3100), 504 nm (250).

Isonitrile insertion into compound 7: Compound 7 (0.057 g, 0.08 mmol) was
dissolved in C6D6 (2 mL) and treated with 1-isocyano-2,6-dimethylbenzene
(0.011 g, 0.08 mmol). The initially deep red solution turned orange
immediately. NMR spectroscopy showed the exclusive formation of the
expected insertions product. Addition of a second equivalent of isonitrile
did not lead to another insertion step. The solvent and excess isonitrile were
removed in vacuum; the residue was dissolved in pentane and crystallized
at�35 �C as yellow crystals. Yield of 9 : 0.030 g (0.04 mmol, 50%). 1H NMR
(500 MHz, C6D6, 25 �C, TMS): �� 6.85 (m, 3H; Ar�H), 5.69 (s, 10H; Cp),
1.94 (s, 6H; Ar�Me), 0.78 (s, 6H; SiMe2), 0.52 (s, 18H; SiMe3), 0.51 (s, 6H;
SiMe2), 0.10 (s, 18 H SiMe3); 13C NMR (125.9 MHz, THF, C6D6, 25 �C,
TMS): �� 279.6 (C�N), 154.16 (NCar), 129.56 (Car), 128.96 (Car), 128.36
(Car), 106.46 (Cp), 21.56 (CarMe), 7.16 (SiMe3), 4.36 (SiMe3), 2.16 (SiMe2),
�0.16 (SiMe2); 29Si NMR (99.3 MHz, pentane/D2O capillary): �4.36
(SiMe3), �10.06 (SiMe3), �33.06 (SiMe2), �36.36 (SiMe2), �79.06 (ZrSi),
�117.26 (NCSi); elemental analysis(%) calcd for C35H67NSi8Zr (Mr�
817.82): C 51.40, H 8.26; found: C 50.97, H 8.37.

Reactions of 7 and 8 with hydrogen and of 2c with acid to give
dihydrosilane 4 : The respective metallacyclosilane (0.07 mmol) was
dissolved in C6D6 in an NMR tube. The solution was frozen with liquid
nitrogen, evacuated, and flushed with hydrogen. After warming up to
ambient temperature the tube was shaken whereupon the red color
disappeared. For the isolation of the hydrosilane the solvent was removed
in vacuum, the residue dissolved in pentane, and after filtration to remove
the insoluble metallocene hydride, the sample was evaporated and the
residue 4 crystallized as colorless crystals from acetone. Yield: 0.029 g
(0.06 mmol, 85%). Alternatively, 4 was obtained from 2c, analogously to
the previously described hydrolysis procedure with sulfuric acid[2] in almost
quantitative yield. 1H NMR (500 MHz, C6D6, 25 �C, TMS): �� 2.68 (s, 2H;
Si�H), 0.42 (s, 12H; SiMe2), 0.27 (s, 54H; SiMe3); 13C NMR (125.9 MHz,
THF, C6D6, 25 �C, TMS): �� 2.47 (SiMe3), �1.40 (SiMe2); 29Si NMR
(99.3 MHz, pentane/D2O capillary): ���11.1 (SiMe3), �36.4 (SiMe2),
�116.4 (Si�H, J� 155.9 Hz); MS (70 eV): m/z (%): 392 (9) [M��
HSiMe3], 318 (89) [M��H2Si2Me6], 218 (25) [M��HSi(SiMe3)3], 73
(100) [SiMe3]; elemental analysis (%) calcd for C16H50Si8 (Mr� 467.25) C
41.13, H 10.79; found: C 40.82, H 10.78.
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