
A Germanium(ii) Hydroxide

Preparation and Structure of the First
Germanium(ii) Hydroxide: The Congener of an
Unknown Low-Valent Carbon Analogue**

Leslie W. Pineda, Vojtech Jancik, Herbert W. Roesky,*
Dante Neculai, and Ana M. Neculai

Dedicated to Professor Pedro Aymonino
on the occasion of his 75th birthday

In 1984 it was noted that the picture of the structural
chemistry of hydroxides is far from complete,[1] and 20 years
later this is still the case. In recent years, we have been
interested in organometallic hydroxides. We reported on the
preparation and structural characterization of unusual com-
pounds such as [LAl(OH)2]

[2] (L=HC{(CMe)(2,6-
iPr2C6H3N)}2), [(Me3Si)3CSnO(OH)]3,

[3] and [(CpZr)6(m4-
O)(m-O)4(m-OH)8],

[4] and a series of experiments concerning
the so-called water effect in organometallic chemistry.[5]

Interestingly, only a few examples of well-characterized
germanium(iv) hydroxides are known: Ph3GeOH,
(C10H7)3GeOH, (C6H11)3GeOH,[6] 2 tBu2Ge(OH)2·(tBu2GeO-
H)2O·H2O,

[7] and [Fc(tBu)(OH)Ge]2O [Fc=CpFe(h5-
C5H4)],

[8] and no such compounds based on germanium(ii)
have been reported. The most common route to organo-
germanium hydroxides is through the hydrolysis of organo-
halogermanes, but they can be only isolated when the
supporting ligand is bulky enough.[9]

Here we report on the hydrolysis of the stable german-
ium(ii) chloride [HC{(CMe)(2,6-iPr2C6H3N)}2GeCl] (1),[10]

with a slight excess of water and one equivalent of 1,3-
dimesitylimidazol-2-ylidene[11] (2 ; Mes= 2,4,6-Me3C6H2) in
toluene at room temperature, which led to the formation of
[HC{(CMe)(2,6-iPr2C6H3N)}2GeOH] (3) in good yield
(Scheme 1). In contrast, conventional hydrolysis of 1 in the
presence of an amine or in liquid ammonia was unsuccessful

Scheme 1. Ar=2,6-iPr2C6H3, Mes=2,4,6-Me3C6H2.
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due to the formation of several side products. Moreover, the
separation of 3 from the amine·HCl adduct was not possible.
Addition of HCl to the N-heterocyclic carbene 2 is clearly a
key step in this reaction. The easy formation of 4 and its low
solubility allow the separation of 3 from 4.

Compound 3 is a yellow solid that is soluble in pentane,
THF, dichloromethane, benzene, and diethyl ether, but
insoluble in hexane. It was characterized by IR, 1H, and
13C NMR spectroscopy, EI mass spectrometry, elemental
analysis, and X-ray single-crystal analysis. In the IR spectrum
a sharp absorption around 3571 cm�1 can be attributed to the
O�H stretching frequency. Theoretical calculations on
Ge(OH)2 showed that two vibrational frequencies could be
expected at 3675 and 3735 cm�1.[12] These values are in good
agreement with that of 3 when it is taken into account that
some symmetry constraints are involved. In addition, the
monoanionic ligand in 3 might affect the vibrational fre-
quency by means of its steric demand and bonding mode. The
1H NMR spectrum shows the expected pattern for the b-
diketiminato ligand[10] and a resonance for the hydroxide
proton at high field (d= 1.54 ppm), which is in accordance
with the chemical shift observed for the OH group in
tBu2Ge(OH)2 (d= 1.49 ppm).[13] Surprisingly, the resonance
for the corresponding group of (FcN)3GeOH (FcN=

CpFe{h5-C5H3(CH2NMe2)-2}) was found at d= 8.98 ppm.[14]

The most intense peak in the EI mass spectrum appeared at
m/z= 403 [M�Me�Ge�OH]+, and the signal at m/z= 508
(25%) was assigned to the molecular ion [M]+.

Single crystals of 3[15] suitable for X-ray structural analysis
were grown by maintaining the reaction mixture in toluene/
hexane (2.5:1) at �20 8C for three weeks. Complex 3 crystal-
lizes in the monoclinic space group C12/c1, with two half
dimers in the asymmetric unit. In 3 a germanium atom is
attached to two nitrogen atoms from the backbone of the
chelating ligand and a hydroxyl group, and a lone pair
presumably occupies the fourth coordination site, an assump-
tion that is supported by the presence of an intermolecular
interaction between the H atom of the OH group, which was
located and refined, and another germanium atom (O�H···Ge
3.064(26) E). The coordination geometry about germanium is
derived from a distorted tetrahedron (Figure 1). The Ge�N
bond lengths and N-Ge-N angle are 2.008(1) E and 89.5(1)8,
respectively. These data can be compared with the slightly
shorter Ge�N bond lengths in 1 (1.988(2) and 1.997(3) E) and
[LGeF] (1.977(19) and 1.978(18) E; L=HC{(CMe)(2,6-
iPr2C6H3N)}2).

[16] Conversely, the Ge�N bond lengths are
slightly longer in [HB(3,5-Me2pz)3Ge]I,[17] (av 2.03(2) E; pz=
pyrazole ring) and [LGeMe] (2.008(2) and 2.038(2) E).[16]

A noteworthy feature of compound 3 is the GeOHmoiety
(Ge�O 1.828(1), O�H 0.795(7) E); the Ge�O bond length is
in good agreement with those predicted for Ge(OH)2 (av
1.804 E).[12] Moreover, the O�H distance of 3 is somewhat
shorter than that of water (0.96 E). Interestingly, and as might
be expected, shorter Ge�OH bond lengths are found in
germanium(iv) compounds due to the smaller radius of GeIV

relative to GeII (e.g., Ge�O 1.781(4) and 1.779(2) E in
tBu2Ge(OH)2,

[13] and 1.779(5) E in (FcN)3GeOH).[14]

In summary, compound 3 is the first example of the
hitherto unknown germanium(ii) hydroxides. A low-coordi-

nate carbon analogue of composition RC(OH) has so far not
been reported. An RC(OH) species should be extremely
unstable and rearrange to the corresponding aldehyde.

Experimental Section
All manipulations were performed under a dry and oxygen-free
atmosphere (N2 or Ar) by using Schlenk-line and glove-box
techniques.

3: 1 (1.28 g, 2.43 mmol) and 2 (0.74 g, 2.43 mmol) were dissolved
in toluene (20 mL) at room temperature, then water (87.5 mL,
2.0 mmol) was slowly added, and the mixture was stirred. A white
precipitate immediately formed. The reaction mixture was stirred for
about 15 min, then the white precipitate was separated by filtration
in vacuo. The remaining colorless solution was evaporated, and the
resulting yellow solid of 3 was rinsed with hexane (2 G 10 mL) and
dried in vacuo. Yield: 1.04 g (84%); m.p. 140 8C; IR (KBr): ñ= 3571,
2964, 2867, 1623, 1554, 1383, 1320, 1174, 1100, 1018, 918, 853, 795, 758,
588, 521, 366 cm�1; 1H NMR (200 MHz, C6D6): d= 7.15 (m, 6H, 2,6-
iPr2C6H3), 4.91 (s, 1H, g-CH), 3.60–3.80 (sept, 2H, (CH3)2), 3.20–3.40
(sept, 2H, (CH3)2), 1.60 (s, 6H, CH3), 1.54 (s, 1H, OH), 1.33 (d, 6H,
CH(CH3)2), 1.29 (d, 6H, CH(CH3)2), 1.21 (d, 6H, CH(CH3)2),
1.12 ppm (d, 6H, CH(CH3)2);

13C NMR (50.327 MHz, THF): d=
163.31 (NC), 146.37 (NC), 143.62 (ArC), 141.00 (ArC), 124.87
(ArC), 124.06 (ArC), 96.98 (g-C), 29.16 (CH(CH3)2), 28.02
(CH(CH3)2), 26.69 (CH(CH3)2), 24.73 (CH(CH3)2), 24.57
(CH(CH3)2), 24.08 (CH(CH3)2), 23.25 ppm (NC(CH3)); MS (EI):
m/z (%): 508 (25) [M]+, 403 (100) [M�Me�Ge�OH]+; elemental
analysis (%) calcd for C29H42GeN2O (507.24): C 68.67, H 8.35, N 5.52;
found: C 69.20, H 8.48, N 5.52.
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