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Persistent Alkylgallium Peroxides – Synthesis of the Cage Compound
Na4[(Ga-R)3(O2)3(O)]2(Et2O)(DABCO) [R = CH(SiMe3)2]
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Reaction ofNa[H3Ga-CH(SiMe3)2] (1)with theadduct (H2O2)2·
DABCO affords the alkylgallium peroxide Na4[(Ga-R)3-
(O2)3(O)]2(Et2O)(DABCO) (2) [R = CH(SiMe3)2] by hydrogen
release. Compound 2 possesses oxidizing peroxo groups in
close proximity to reducing Ga–C bonds and a higher ther-

Introduction

Organoelement peroxides of the Group 13 elements are
of interest owing to their potential applicability as oxygen
transfer reagents. Furthermore, they may exhibit singular
coordination behaviour by the bidentate character of the
peroxo groups. However, the synthesis of organoaluminum
or -gallium peroxides is great experimental challenge be-
cause they have strongly reducing Al–C or Ga–C bonds in
close proximity to oxidative peroxo groups. Such com-
pounds were often postulated as transient species in the re-
actions of oxygen with alkylaluminum or -gallium deriva-
tives, but their conflicting functionalities are usually
quenched in fast secondary processes by the insertion of an
oxygen atom of a peroxo group into remaining E–C
bonds.[1] Nevertheless, these compounds were reported to
be applicable in secondary reactions.[2] Owing to their in-
herent reactivity persistent and well characterized organo-
element peroxides of aluminium and gallium are extremely
rare. Tri(tert-butyl)gallium and -indium gave the insertion
of an oxygen molecule into one E–C bond.[3] These prod-
ucts are highly explosive in the solid state. A digallium per-
oxide possessing terminal Ga–C bonds was isolated only in
trace quantities.[4] Furthermore, peroxo groups were found
in two aluminum compounds which do not contain intact
Al–C bonds.[5] Recently the crystal structures of two rela-
tively inert alkylaluminum and -gallium peroxides were re-
ported, which were stabilized by bis(trimethylsilyl)methyl
groups.[6,7] Both compounds were obtained by the simple
reactions of alkylelement hydrides with hydrogen peroxide
or tert-butyl hydrogen peroxide and the release of hydrogen.
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mal stability than the analogous lithium peroxo complex. In
the solid state a cage compound is formed in which two
Ga3(O2)3 heterocycles are bridged by four sodium atoms.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Slow decomposition occurred in the solid state or in solu-
tion at room temperature. In one compound the highly pol-
arizing lithium cation was employed as a counterion. We
hoped that the softer sodium ion could enhance the stability
of such peroxides for an easier handling and a broader ap-
plicability.

Results and Discussion

Treatment of Na[GaH4][8] with the alkyllithium com-
pound LiCH(SiMe3)2 in diethyl ether afforded the suitable
starting compound Na[H3Ga-CH(SiMe3)2] (1). Owing to
the relatively weak sodium–ether interaction diethyl ether
was completely removed upon evacuation at room tempera-
ture. Compound 1 was directly obtained in high purity and
could by used in secondary reactions without further purifi-
cation. A cooled (–60 °C) ethereal solution of 1 was sub-
sequently treated with an excess of the adduct (H2O2)2-
DABCO (diazabicyclooctane, DABCO)[9] which is easily
available from the addition of DABCO to aqueous solu-
tions of hydrogen peroxide. Elemental hydrogen evolved,
which was identified by absorption with a palladium wire
and formation of molybdenum blue in a secondary reac-
tion.[10] Filtration of the reaction mixture afforded a color-
less solution from which upon cooling colorless crystals of
2 precipitated in 52% yield. An idealized reaction course is
shown in Equation (1).

The molecular structure of 2 strongly resembles that of
the corresponding lithium compound (see Figures 1 and
2).[7] A cage is formed in which two puckered Ga3(O2)3

rings are bridged by four sodium ions. Each heterocycle is
centered by a single oxygen atom and has the gallium atoms
bridged by three peroxo groups. The O–O distances
(151.8 pm) are longer than in hydrogen peroxide,[11] but
correspond well to values observed for cyclic organoperox-
ides such as dioxetanes or dioxiranes[12] or for dianionic
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(1)

peroxo groups.[13] Slightly longer O–O bond lengths
(152.9 pm) were detected for the corresponding lithium
compound.[7] The Ga–O–O–Ga moieties in 2 reveal a tor-
sion angle of 53° on average which is considerably smaller
than in the gauche arrangement characteristic of acyclic
peroxo compounds (� 90°).[11,14] The Ga–O distances are
in a narrow range at about 189 pm. One sodium ion (Na1)
is located in the center of the cage and bridges both
Ga3(O2)3 heterocycles by an interaction to one oxygen atom
of each peroxo group and possesses a distorted octahedral
coordination sphere (Na–O 238.3 pm on average). The re-
maining three sodium atoms are coordinated in a side-on
mode by two peroxo groups (Na–O 230.4 pm), one from
each molecular moiety. Coordination numbers of five result
for these metal atoms by the terminal bonding of a diethyl
ether molecule (Na3) or by an interaction with nitrogen
atoms of DABCO ligands (Na1, Na4). These bifunctional
ligands bridge two sodium atoms of different cages. Hence,

Figure 1. Structure of the [(RGa)3O7]2– ion of 2. Methyl groups
and hydrogen atoms are omitted. Selected bond lengths [pm], bond
angles and torsion angles [°]: Ga1–O1 188.3(5), Ga1–O4 180.0(5),
Ga1–O7 189.0(4), Ga2–O1 189.1(4), Ga2–O3 189.6(4), Ga2–O5
188.7(5), Ga3–O1 189.4(4), Ga3–O6 188.6(5), Ga3–O8 188.2(4),
Ga4–O2 190.4(4), Ga4–O12 188.8(5), Ga4–O14 189.2(5), Ga5–O2
187.7(5), Ga5–O10 188.4(4), Ga5–O13 189.4(4), Ga6–O2 188.0(5),
Ga6–O9 190.2(4), Ga6–O11 186.9(5), O–O 151.9 (av.), Ga–O(1/2)–
Ga 107.1 (av.), Ga–O–O 106.1 (av.), Ga–O–O–Ga 53.3 (av.).
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in contrast to the lithium compound one-dimensional
coordination polymers result (Figure 3). Both anionic
building blocks of the cages are twisted by 11° relative to
the Ga–O bonds to the µ3-oxygen atoms to yield a helical
structure.

Figure 2. Structure of the dimeric formula unit of 2 including so-
dium atoms. SiMe3 groups are omitted. Selected bond lengths [pm]
and angles [°]: Na2–O 238.3 (av.), Na(1/3/4)–O 230.4 (av.), Na3–
OE1 234.0(7), Na4–N1 240.8(5), O–Na2–O 84.5(2) to 98.9(2) and
172.9(2) to 174.5(2).

Figure 3. Chain structure of 2 in the solid state. SiMe3 groups are
omitted. Selected bond lengths [pm] and angles [°]: Na4–N1
240.8(5), Na1�–N2 246.0(6); Na1� generated by –x + 3/2, y + 1/2,
–z + 3/2.

Based on experimental and quantum-chemical studies on
alkali metal and transition metal peroxides,[15] the stretch-
ing frequencies of dianionic O2 moieties having O–O bond
lengths of 140 to 150 pm are to be expected between 800 to
1000 cm–1. Two intense absorptions at 945 and 988 cm–1 in
the IR spectrum of 2 may be interpreted in terms of such
O–O stretching vibrations. Solid samples of 2 are stable at
room temperature over weeks. Decomposition by gas evol-
ution started slowly upon warming and was completed at
96 °C. Solutions of 2 in benzene or THF could be stored at
room temperature for several days without decomposition.
2 proved to be more stable than the corresponding lithium
compound which makes it a promising candidate for a
broader application in secondary reactions. The particular
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inertness of the Ga–C bonds in bis(trimethylsilyl)methyl-
aluminium or -gallium peroxides may depend on a dimin-
ution of the negative charge in α-position to the Group 13-
elements by hyperconjugation with σ*-orbitals of the Si–C
bonds and, hence, a significantly lowered reducing power
of the respective carbon atoms.[16]

Experimental Section
General: All procedures were carried out under purified argon. Cy-
clopentane was dried with LiAlH4, diethyl ether and THF over Na/
benzophenone. NaGaH4, LiCH(SiMe3)2 and the adduct
(H2O2)2·DABCO were prepared according to literature pro-
cedures.[8,9,17]

Synthesis of 1: Freshly sublimed LiCH(SiMe3)2 (0.834 g,
5.02 mmol) was dissolved in 15 mL of diethyl ether. The solution
was added dropwise to a suspension of freshly prepared NaGaH4

(0.60 g, 6.20 mmol, excess) in the same solvent (15 mL) at room
temperature. The mixture was stirred for 12 h and filtered. The sol-
vent of the filtrate was completely removed in vacuo. A highly vis-
cous residue remained which crystallized upon thorough evacua-
tion over several hours. Owing to the NMR spectroscopic charac-
terization the product 1 was formed directly in a high purity and
can be applied in secondary reactions without further purification.
In contrast to the corresponding lithium compound, [(Me3Si)2CH-
GaH3Li],[7] the ether content of 1 was removed easily by evacuation
over a few minutes. Recrystallization of 1 from cyclopentane
(20/–30 °C) afforded colorless crystals; yield 1.00 g (78%), m.p. (ar-
gon, sealed capillary) 106 to 110 °C. 1H NMR (C6D6, 400 MHz):
δ = 2.36 (s, 3 H, br., GaH), 0.33 (s, 18 H, SiMe3), –1.03 (s, 1 H,
GaCH) ppm. 13C NMR (C6D6, 100 MHz): δ = 3.17 (SiMe3), –5.11
(GaC) ppm. 29Si NMR (C6D6, 79.5 MHz): δ = 0.5 ppm; no reso-
nance in the 7Li NMR spectrum. IR (paraffin, CsBr): ν̃ = 1763 (s,
br.), 1580 [s, br., ν(GaH)], 1452 (s), 1377 (s, paraffin), 1298 (w),
1248 [s, δ(CH3)], 1165 (w), 1155 (w), 1020 [s, δ(CHSi2)], 934 (m),
843 (s), 756 [m, ρ(CH3Si)], 720 (w, paraffin), 673 (m), 660 [m,
νas(SiC)], 611 [m, νs(SiC)], 563 [m, br., ν(GaC)] cm–1. C7H22Ga-
NaSi2 (255.13): calcd. C 33.0, H 8.7, Na 9.0; found C 32.6, H 8.6,
Na 8.8.

Synthesis of 2: The solid and freshly prepared adduct (H2O2)2·
DABCO (0.72 g, 4.00 mmol, excess) was suspended in 15 mL of
diethyl ether and intensively stirred at 0 °C for 10 min. The suspen-
sion was cooled to –60 °C and treated with a solution of the gal-
lium hydride, [(Me3Si)2CHGaH3]Na (1), (0.50 g, 1.96 mmol) in
5 mL of diethyl ether. The mixture was warmed to room tempera-
ture over a period of 20 min. Gas evolution occurred. Hydrogen
was detected by absorption with a palladium wire and subsequent
reduction of molybdate to give a deep blue aqueous solution of
molybdenum blue. Filtration and cooling of the filtrate to –20 °C
afforded colorless crystals of the peroxide 2; yield 0.34 g (52%),
m.p. (argon, sealed capillary). The crystals slowly decomposed at
temperatures above room temperature with evolution of gas; this
reaction was completed by heating at 96 °C and gave a yellow mate-
rial. Repeated fractional crystallization was required in order to
completely remove the excess of DABCO; the analytical and spec-
troscopic data were recorded with thoroughly evacuated, ether-free
samples. The peroxide content was determined by hydrolysis of the
crystalline product 2 in dilute HNO3. Addition of iodide produces
iodine, which was determined by titration with thiosulfate. More
than 95% of the calculated peroxide content was reproducibly ob-
tained. 1H NMR ([D8]THF, 400 MHz, 220 K): δ = 2.63 (s, 24 H,

Eur. J. Inorg. Chem. 2009, 489–492 © 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org 491

DABCO), 0.1 (s, 108 H, SiMe3), –0.86 (s, 6 H, GaCH) ppm. 13C
NMR ([D8]THF, 100 MHz, 220 K): δ = 48.7 (DABCO), 3.89
(SiMe3), –1.5 (GaC) ppm. 29Si NMR ([D8]THF, 79.5 MHz, 220 K):
δ = –1.95 ppm. IR (paraffin, CsBr): ν̃ = 1460 (vs), 1377 (s, paraffin),
1315 (m), 1298 (w), 1247 [s, δ(CH3)], 1157 (w), 1061 [s, ν(CC),
ν(CN)], 1018 [m, δ(CHSi2)], 988 (m), 945 [m, ν(OO)(?)], 889 (m),
845 (vs), 756 [m, ρ(CH3Si)], 723 (w, paraffin), 677 [w, νas(SiC)], 629
[w, νs(SiC)], 611 (w), 549 (m, br.), 511 [w, ν(GaC), ν(GaO), ν(LiO)]
cm–1.

Crystal Structure Determination: Single crystals of 2 were obtained
from the reaction mixture upon cooling to –20 °C. The crystallo-
graphic data were collected with a Bruker APEX diffractometer
with graphite-monochromated Mo-Kα radiation. The crystals were
coated with a perfluoropolyether, picked up with a glass fiber and
immediately mounted in the cooled nitrogen stream of the dif-
fractometer. Twinned crystals were obtained with a pseudo-ortho-
rhombic cell. Refinement was conducted in the monoclinic space
group P21/c by application of the twin matrix [–1,0,0,0,–1,0,0,0,1].
The ratio of the twin components was 0.52 to 0.48. Crystallo-
graphic data and details of the final R values are provided in
Table 1.[20] All non-hydrogen atoms were refined with anisotropic
displacement parameters; hydrogen atoms attached to carbon were
calculated on ideal positions and allowed to ride on the bonded
atom with U = 1.2Ueq(C). The DABCO and ether molecules were
disordered; their methylene and methyl groups were refined on split
positions (0.71 to 0.29 and 0.65 to 0.35, respectively). One trimeth-
ylsilyl group showed a rotational disorder; the positions of the
methyl groups were refined with occupancy factors of 0.33. Resid-
ual electron density indicated the presence of disordered solvent
molecules. Their atomic positions could not clearly be resolved and
refined. Therefore the SQUEEZE program was applied which gave
an electron density corresponding to four DABCO or six ether
molecules.

Table 1. Crystal data and structure refinement for compound 2.[a,b]

2

Formula C52H136Ga6N2Na4O15Si12

Temperature /K 153(2)
Crystal system monoclinic
Space group[18] P21/c (no. 14)
a /pm 2258.4(1)
b /pm 2376.2(1)
c /pm 2043.7(1)
α /° 90
β /° 90
γ /° 90
V /10–30 m3 10967.3(9)
Z 4
Dcalcd. /gcm–3 1.137
µ /mm–1 1.641
Crystal size /mm 0.22�0.09�0.07
Theta range for data collection /° 0.86 � θ � 24.55
Index ranges –26 � h � 26

–27 � k � 27
–23 � l � 23

Independent reflections 18310 [Rint = 0.0594]
Parameters 906
R = Σ||Fo| – |Fc||/Σ|Fo| [I�2σ(I)] 0.0558 (14824)
wR2 = [Σw(|Fo|2 – |Fc|2)2/Σ|Fo|2]1/2 (all data) 0.1747
Max./min. residual electron density /1030 em–3 1.811/–0.490

[a] Program SHELXL-97;[19] solutions by direct methods, full-ma-
trix refinement with all independent structure factors. [b] See ref.[20]

for CCDC reference number.
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