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The reduction of 2- and 1-disilagermirenes 1 and 2 with
tBuLi proceeded regio- and stereospecifically to produce ger-
myllithium derivative 4—the product of the formal addition of
LiH across the M=M0 bond (M, M0 = Si, Ge) through single
electron transfer steps. Reduction of 1,2-disila-3-germacyclo-
penta-2,4-diene derivative 3 with tBuLi also proceeded specifi-
cally, but with an opposite regioselectivity to form silyllithium
derivative 7.

It is well established that metallenes and dimetallenes of the
type M=M0 (M, M0—group 14 elements) are prone to easy re-
duction because of their low-lying, and thus easily accessible,
LUMOs compared with those of the corresponding alkene ana-
logues.1 For example, the reaction of disilenes with metallic lith-
ium resulted in the two-electron reduction of the Si=Si bond to
form 1,2-dilithiodisilanes.2 On the other hand, alkyllithium com-
pounds can also act as selective reducing reagents towards
M=M0 bonds, producing different lithio derivatives depending
on the substrate.3 Herein, we report on our study of the reaction
of endocyclic M=M0 (M, M0 = Si, Ge) double bonds of 2- and 1-
disilagermirenes 1 and 24 as well as 1,2-disila-3-germacyclopen-
ta-2,4-diene derivative 35 with tBuLi resulting in the extremely
clean regio- and stereospecific addition of LiH across the M=M0

double bond.
The reaction of 2-disilagermirene 1 with an equivalent

amount of tBuLi in dry THF or THF-d8 resulted in the immedi-
ate formation of a dark-red reaction mixture, whose NMR
spectra showed the exclusive formation of a single product—
trans-1,1,2,3-tetrakis[di-tert-butyl(methyl)silyl]-3-lithiodisila-
germi-rane 4—which was isolated after evaporation of the sol-
vent and treatment of the residue with hexane in 52% isolated
yield as a pale yellow solid (Scheme 1).6 Because of its non-
symmetrical structure, compound 4 exhibited all non-equivalent
Me- and tBu-groups in the 13C NMR spectrum, whereas the 29Si
NMR spectrum showed a total of six resonances, of which the
four down-field signals at 12.9, 13.9, 18.0, and 19.8 ppm belong

to tBu2MeSi substituents and the two up-field signals at �169:5
and �123:5 ppm are assigned to the skeletal (tBu2MeSi)2Si and
(tBu2MeSi)Si–H atoms, respectively.

The formation of 4 can be rationalized by assuming an ini-
tial single electron transfer process involving intermediate for-
mation of the anion-radical of 1 (AR-1) and tert-butyl radical
as a key radical pair, followed by the fast hydrogen abstraction
by AR-1 with the formation of germyllithium 4 (Scheme 2). In-
deed, we have observed the simultaneous formation of the equiv-
alent amount of isobutene as a sole side product by 1H and 13C
NMR spectroscopy. In other words, 4 is a product of the formal
1,2-addition of lithium hydride across the Si=Ge double bond. It
should be mentioned here that the reduction of doubly-bonded
derivatives of heavier group 14 elements with alkyllithium com-
pounds (MeLi, tBuLi) normally results in the 1,2-addition of RLi
across the M=M0 double bond.3,7

Surprisingly, we obtained the same product 4 by the reaction
of an isomeric 1-disilagermirene 2 with tBuLi in THF or THF-d8
(Schemes 1 and 2). The formation of the identical product 4 is
the evidence for the same intermediate precursor, that is, AR-
1. This implies the isomerization of the initially formed anion-
radical AR-2 to a more stable AR-1 (Scheme 2, pathway A).
The driving force for such an isomerization may be the higher
electronegativity of the Ge atom, which favors an arrangement
of the negative charge on it. At this moment, we cannot com-
pletely rule out the possibility of isomerization taking place after
the hydrogen abstraction, that is, from silyllithium 5 to a germyl-
lithium 4 (Scheme 2, pathway B). In the above reaction, we have
also observed the formation of an equivalent amount of isobu-
tene. Germyllithium derivative 4 represents the smallest cyclic
germyllithium hitherto known,8 and it can be smoothly methylat-
ed with an excess of MeI to form nearly quantitatively the cor-
responding methylated derivative 6, trans-1,1,2,3-tetrakis[di-
tert-butyl(methyl)silyl]-3-methyldisilagermirane, which was
isolated as light-yellow crystals by recrystallization from hexane
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(Scheme 1).9 The 29Si NMR spectrum of 6 showed six reso-
nances, of which the most up-field shifted ones belong to the
skeletal Si atoms: �152:0 [(tBu2MeSi)2Si] and �140:1
[(tBu2MeSi)Si–H].

It is interesting that the same reaction course, that is, the ad-
dition of LiH to the Si=Ge double bond, was observed in the re-
action of 3 with tBuLi in THF or THF-d8. This reaction also pro-
ceeds extremely quickly and cleanly to yield specifically only
one product, trans-1,1,2,3-tetrakis[di-tert-butyl(methyl)silyl]-2-
lithio-4-phenyl-1,2-disila-3-germacyclopent-4-ene 7, whose for-
mation was demonstrated by NMR spectroscopy (Scheme 3).10

The regioselectivity of LiH addition to the Si=Ge double bond
of 3 is opposite to that observed in the above-mentioned reaction
of 2-disilagermirene 1with tBuLi, that is, the silyllithium instead
of germyllithium derivative was exclusively formed. Such regio-
selectivity should be explained by the inverse polarity of the
Si(��)=Ge(�þ) double bond in 3 caused by the different envi-
ronment around it: a carbon substituent attached to the germani-
um atom and a silicon substituent attached to the silicon
atom.4,11 The structure of silyllithium derivative 7 was con-
firmed by its methylated product 8, trans-1,1,2,3-tetrakis[di-
tert-butyl(methyl)silyl]-2-methyl-4-phenyl-1,2-disila-3-germa-
cyclopent-4-ene, obtained by the reaction of 7 with an excess of
MeI: the methyl group is attached to the silicon atom, whereas
the germanium atom bears the hydrogen substituent
(Scheme 3).12

In conclusion, the reaction of 2- and 1-disilagermirenes 1
and 2 as well as 1,2-disila-3-germacyclopenta-2,4-diene deriva-
tive 3 with tBuLi represents a new pathway for the reduction of
disilenes (and germasilenes) with alkyllithium reagents: the for-
mal addition of LiH across the M=M0 double bond instead of di-
rect alkyllithiation.
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