
Preparation and Characterization of Tris(trimethylsilyl)germylzinc Chloride and
Bis[tris(trimethylsilyl)germyl]zinc

Masato Nanjo,� Takashi Oda, and Kunio Mochida�

Department of Chemistry, Faculty of Science, Gakushuin University, 1-5-1 Mejiro, Toshima-ku, Tokyo 171-8588

(Received October 22, 2001; CL-011029)

The molecular structure of (Me3Si)3GeZnCl (1) has been
determined by single-crystal X-ray diffraction. The germylzinc
chloride 1 has a dimeric structure consisting of two �-Cl atoms.
The compound 1 reacted with (Me3Si)3GeLi in diethyl ether to
give [(Me3Si)3Ge]2Zn (2), quantitatively. The structure of
bis(germyl)zinc 2 has been also elucidated by X-ray diffraction.

Organozinc compounds are useful reagents in organic
synthesis and organometallic chemistry.1 The well-known
Reformatsky zinc alkylation and Simmons-Smith reaction
proceed via organozincs assumed as key intermediates. Despite
the large number of reports on organozinc reagents, far less
attention has been devoted to silyl- or germyl-substituted zinc
compounds. Up to now, four bis(silyl)zinc derivatives f(t-
Bu3Si)2Zn,

2a [(Me3Si)3Si]2Zn,
2b (Me3Si)2Zn,

2c and
(Ph3Si)2Zn

2dg and two silylzinc halides f(t-Bu3Si)ZnCl2a and
(t-Bu3Si)ZnBr

2ag have been prepared and only threeX-ray crystal
structures of (t-Bu3Si)2Zn, [(Me3Si)3Si]2Zn, and (t-Bu3Si)ZnBr
have been determined. Although a few example of bis(germyl)-
zinc, (Ph3Ge)2Zn and (Et3Ge)2Zn, are known,

3a{c no solid state
structure or few reactivities of bis(germyl)zinc derivatives have
been reported. Furthermore, the Reformatsky-type germylzinc
halides R3GeZnX (X ¼ halogen) have never been isolated and
characterized. We report herein the first successful isolation and
full characterization of tris(trimethylsilyl)germylzinc chloride
(1) and bis[tris(trimethylsilyl)germyl]zinc (2), together with
some reactions of 1 and 2.

The treatment of zinc chloride with one mol amount of
(Me3Si)3GeLi (thf)3

4 in diethyl ether produces the Reformatsky-
type metallozinc compound (Me3Si)3GeZnCl (1) as colorless
crystals in 86% isolated yield (eq 1).5 As expected, the 1H, 13C,
and 29Si NMR of the colorless crystals of 1 gave a single signal
assigned to the trimethylsilyl group, and one THF molecule was
included for a molecule 1 based on the 1H and 13C NMR.6

The Reformatsky-type metallozinc compound 1 could be
recrystallized from THF at �20 �C as air-sensitive colorless
needles. The molecular structure of 1 was unequivocally
confirmed by X-ray diffraction.7 The compound 1 is dimeric in
the solid state and its molecular structure has a crystallographic
inversion center (Figure 1). No interaction between the dimer and
another dimerwas observed. The two zinc and two chlorine atoms
constitute a planar four-membered ring with Zn-Cl distances of
2.3560 (11) and 2.3999 (10) �A, a Cl-Zn-Cl bond angle of 92.75
(4) �, and a Zn-Zn distance of 3.2827 (6) �A. The zinc atom is

solvated by coordination to an oxygen atom of a THF molecule
with a Zn-O distance of 2.096 (3) �A and has a distorted tetrahedral
configuration. The Ge-Zn bond length of 2.3778 (6) �A is
obviously shorter than that expected on the basis of the sum of
their covalent radii (2.47 �A), suggesting that the Ge-Zn bond is
comprised of a covalent onewith a small ionic character due to the
attachment of the electronegative chlorine atom to the zinc metal.
The Si-Ge-Zn angle of 109.03 (4) � (av.) and the Ge-Si bond
length of 2.370 (1) �A (av.) are quite normal.

The hydrolysis of 1 proceeded extremely slow to give
(Me3Si)3GeH in only 43% yield after 7 days of stirring. The
addition of hydrochloric acid to 1 promotes the hydrolysis
reaction up to 95% (2 h) yield. The compound 1 reacted slowly
with Me3SiCl in diethyl ether for 4 days to yield (Me3Si)4Ge
(17%). The treatment of 1 with additional (Me3Si)3GeLi(thf)3 in
diethyl ether gave [(Me3Si)3Ge]2Zn (2)

8 in 93% isolated yield,
suggesting that germylzinc chloride 1 is an intermediate to form
the bis(germyl)zinc. The 1H, 13C, and 29Si NMR of 2 gave a sin-
gle signal assigned to the trimethylsilyl group.9 One of particular
interest is the fact that the redistribution reaction happened on
addition of some other lithium reagents to germylzinc chloride 1
(Scheme 1). The germylzinc chloride 1was allowed to react with
onemol amount of (Me3Si)3SiLi(thf)3 to give not asymmetrically
bis(germyl)(silyl)zinc (Me3Si)3GeZnSi(SiMe3)3 but the symme-
trical products of [(Me3Si)3Ge]2Zn and [(Me3Si)3Si]2Zn, quan-
titatively, with the ratio of 1 : 1 determined by the 1HNMRsignal
intensities. The addition ofmethyllithium to 1 led to the formation

Figure 1. An ORTEP representation of the dimeric structure of
1 (hydrogen atoms are omitted for clarity). Selected bond length
( �A) and angles (�): Ge1-Zn1 2.3778 (6), Ge1-Si1 2.369 (1), Ge1-
Si2 2.365 (1), Ge1-Si3 2.3749 (12), Zn1-Cl1 2.3560 (11), Zn1-
Cl1� 2.3999 (10), Zn1-O1 2.096 (3); Ge1-Zn1-Cl1 126.07 (3),
Ge1-Zn1-Cl1� 122.40 (3), Cl1-Zn1-Cll� 92.75 (4), Ge1-Zn1-O1
117.51 (10), O1-Zn1-Cl1 96.78 (10), O1-Zn1-Cl1� 93.85 (10),
Si1-Ge1-Zn1 107.36 (4), Si2-Ge1-Zn1 108.40 (4), Si3-Ge1-Zn1
111.33 (4).
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of [(Me3Si)3Ge]2Zn and Me2Zn (1 : 1),10 (Me3Si)3GeZnMe
could not be detected at all.11

Symmetrical bis(germyl)zinc 2 could be recrystallized from
pentane at�20 �C to give colorless single crystals. The structure
of 2 was determined by X-ray diffraction (Figure 2).12

Bis(germyl)zinc 2 has a crystallographic inversion center on the
zinc atom. The two tris(trimethylsilyl)germyl ligands are bonded
in a linear fashion to the zinc atom (Ge1-Zn1-Ge1� ¼ 180:0ð0Þ �)
and are staggered with respect to each other. No coordinated
solvent to the zinc metal was observed due to the steric hindrance
between the two tris(trimethylsilyl)germyl ligands. The Ge-Zn
bond length of 2.3817 (2) �A is somewhat longer than that found in
germylzinc chloride 1. The average Si-Ge-Zn angle is 106.65
(1) �, and the mean Ge-Si bond length is 2.3804 �A.

Bis(germyl)zinc 2 rapidly reacted with iodine in diethyl ether
to yield (Me3Si)3GeI (91%), whereas trimethylchlorosilane did
not react with 2 at all. The reaction of 2 with iodomethane
included two steps. In 4 h, the bis(germyl)zinc 2 reacted with
idomethane to form (Me3Si)3GeI (50%) and Me2Zn as reactive
intermediates.13 Further stirring for two days led to the final
formation of (Me3Si)3GeMe (75%) with precipitation of ZnI2
salt.
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Figure 2. An ORTEP representation of the structure of 2
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�
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Scheme 1.
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