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Peroxides are well-known and highly interesting intermedi-
ates in chemical and biological processes. Many derivatives
have been isolated in a molecular state and, like bis(trime-
thylsilyl) peroxide, have found broad synthetic application.
However, in organometallic chemistry their extremely high
reactivity often prevents their isolation and thorough charac-
terization. This is particularly true for the organoelement
compounds of the heavier Group 13 elements aluminum to
indium, because the relatively strong reducing power of the
E—C bond is opposed to the oxidizing power of the peroxo
group. The rare examples of such organoelement peroxides
were obtained by the insertion of dioxygen molecules into the
E—C bonds of tri(tert-butyl)gallium or -indium but explode in
the solid state upon application of mechanical stress.!! A
digallium peroxide with two alkyl gallium groups terminally
attached to a bridging peroxo ligand was isolated in trace
quantities.” It resulted from the accidental exposure of an
organogallium compound to air. Usually, the treatment of
such alkyl element compounds with oxygen or suitable
peroxo derivatives gives the complete oxidation of all E—C
bonds in the molecules. In only a few cases were intact peroxo
groups detected in the oxidation products.” The synthesis and
structural characterization of organoelement peroxides of
Group 13 elements could allow access to a highly interesting
new research area. The high functionality of the peroxo group
and the large coordinative variability of these elements may
result in the formation of unprecedented structural motifs.
Furthermore, these compounds may find important applica-
tions as powerful oxygen-transfer reagents.

Treatment of alkyl gallium hydrides with hydrogen
peroxide and elimination of elemental hydrogen seemed to
be a promising method for the generation of such alkyl
gallium peroxides. Former investigations in our group
revealed that Ga—C bonds in bis(trimethylsilyl)methyl deriv-
atives are relatively inert towards the attack of oxygen.
However, hydrides of the type R,GaH with R = CH(SiMej),
or the corresponding gallanates were not accessible before.
We have now obtained such a compound by the treatment of
LiGaH, with one equivalent of Li{CH(SiMe;),} and the
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precipitation of LiH [Eq.(1)]. The product, [Li(OEt,)]-
[H;Ga{CH(SiMe;),}] 1, is produced in high purity and
almost quantitative yield.

OEt,

LiGaH, + Li{CH(SiMe,), } ° = [Li(OEL,)|[H;Ga{CH(SiMe,),}] (1)
1

Subsequently, a solution of compound 1 in diethyl ether
was added to a cooled (—50°C) suspension of (H,0,),dabco
(dabco = diazabicyclooctane), which is easily available from
aqueous solutions of H,0,.l Elemental hydrogen formed
upon warming to room temperature; it was identified by
absorption with a palladium wire and formation of molybde-
num blue in a secondary reaction. Filtration of the reaction
mixture afforded a colorless solution from which, upon
cooling, colorless crystals of 2 precipitated in 69 % yield. An
idealized reaction course is shown in Equation (2). The
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constitution of 2 was clarified by crystal structure determi-
nation (Figure 1).! Interestingly, the strongly reducing hy-
dride functions attached to gallium were not completely
oxidized by contact with hydrogen peroxide to give hydroxo
groups. Instead, they were replaced by peroxo ligands, the
formation of which was accompanied by deprotonation of
H,0, and elimination of H,. The anionic part of the product
contains an unprecedented and extraordinarily remarkable
structural motif, in which three p-1,2-peroxo groups bridge
three alkyl gallium moieties to form a nine-membered,
strongly corrugated heterocycle. The gallium atoms are
further coordinated by a single central oxygen atom that
may result from oxidation (insertion of O in a Ga—H bond)
and subsequent H, elimination by the reaction of the
hydroxide with a second Ga—H function. Hence, a chalicelike,
tricyclic dianion is formed. The Ga—C bonds are not affected
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Figure 1. Structure of the [(RGa);0¢]*™ ion of 2. Thermal ellipsoids are
set at the 40% probability level; methyl groups and hydrogen atoms
are omitted. Selected bond lengths [pm], bond angles, and torsion
angles [°] (parameters of the second unit of the cage in square
brackets): Ga1-O1 189.1(2) [190.2(2)], Ga1-O2 189.5(3) [189.9(3)],
Gal-03 188.7(3) [190.2(3)], 02-03" 153.2(4) [152.7(4)]; Ga1-O1-Gal’
106.9(1) [106.0(2)], Ga-O-O 103.9 (av), Ga-O-O-Ga 58.1 [59.8], Gal’
and O3” generated by y—0.5, —z+0.5, —x.

despite the occurrence of three closely arranged peroxo
groups in the molecular core. Instead, each gallium atom has
an intact bond to one carbon atom. Thus, the Ga—C bonds are
remarkably resistant towards an oxidative attack and the
insertion of oxygen atoms by the formation of alkoxy groups.
This remarkable stability may be caused by the particular
electronic properties of the bis(trimethylsilyl)methyl residue,
which is suitable to act as an electron donor or acceptor
through interactions with the ¢ or o* orbitals of the a-C—Si
bonds. That hyperconjugative electron transfer may result in a
diminution of the negative charge at the carbon atoms of the
Ga—C bonds and reduce their sensitivity towards oxidation.
In contrast, steric shielding by the bulky substituents seems to
be of only minor importance, owing to the close proximity of
the oxidizing and reducing functions.

In the solid state, two of these anions are connected by
four lithium atoms (Figure 2). One is in the center of the
resulting cage and is octahedrally coordinated by one oxygen
atom from each of the six neighboring peroxo groups (Li—O
216 pm). Three further lithium atoms bear a terminal dabco
ligand and are side-on coordinated by lone pairs of electrons
to the O—O bonds of two peroxo groups (Li—O 194-201 pm),
resulting in a coordination number of five. These Li—O
interactions probably contribute to the stability of the unusual
structure of 2 by the relatively high polarizing capability of
the lithium ions and the resulting reduction of electron
density in the peroxo groups. Both anionic building blocks of
the cage are twisted by 11° relative to the Ga—O bonds to the
W oxygen atoms. This arrangement may be described as a part
of a helical structure. Hence, the molecules are chiral, at least
in the solid state. The O—O bond lengths (153 pm) correspond
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Figure 2. Structure of the dimeric formula unit of 2 including the
lithium atoms (thermal ellipsoids set at the 40% probability level).
SiMe; groups and the dabco ligands attached to the atoms Li2, Li2’,
und Li2"” are not depicted. Selected bond lengths [pm] and angles [°]:
Li1-02 215.6(8), Li1-O5 215.9(8), Li2-O2 200.6(8), Li2-O3" 198.9(8),
Li2-05 194.0(9), Li2-O6' 199.4(8), O-Li1-O 85.1(1)-94.3(1) and
173.5(1); O6" and O3” generated by —z, x+0.5, —y+0.5 and y—0.5,
—z+0.5, —x, respectively.

to values detected for dianionic O, units, which often display

side-on coordination of the peroxo groups to metal atoms. A
shorter distance (147.7 pm) occurred in the digallium perox-
ide mentioned above, which had only terminal gallium
atoms.”) While the Ga-O-O-Ga moiety of that compound is
almost planar, with a torsion angle of 164°, a rather acute
torsion angle across the O—O bond (59.0° on average)
indicates an approach to the gauche form in 2. Depending
on the aggregation state, hydrogen peroxide shows torsion
angles between 90 and 112°.") The relatively small value
observed for 2 is caused by the particular bridging situation of
the peroxo ligands. Three bridging peroxo units also occurred
in the highly explosive acetone peroxide.”

Compound 2 decomposed slowly in the solid state at room
temperature over several hours and adopted a yellow color. In
contrast, solutions in benzene remained unchanged over
several days. Gas evolution occurred in paraffin. Hence, IR
data are not reported. The singular Ga;Og structural motif
with its high density of peroxo groups in close proximity, the
easy availability, and the relatively high thermal stability
make compound 2 a very promising reagent for oxygen-
transfer reactions. Moreover, the simple synthetic procedure,
which comprises the treatment of alkyl element hydrides with
hydrogen peroxides under hydrogen elimination, opens the
facile access to the synthesis of further derivatives possessing
unprecedented and spectacular coordination modes.

Angew. Chem. Int. Ed. 2008, 47, 1955-1957


http://www.angewandte.org

Experimental Section
n-Hexane was dried over LiAlH,, diethyl ether over Na/benzophe-
none.

Synthesis of 1: A solution of Li{CH(SiMe,),} (0.834¢,
5.02 mmol),”! which was purified by sublimation in vacuum, in
diethyl ether (15 mL) was added dropwise at room temperature to a
suspension of LiGaH,"" (0.500 g, 6.20 mmol, excess) in the same
solvent (15 mL). The mixture was stirred for 5h and filtered. The
solvent of the filtrate was completely removed in vacuum. A highly
viscous residue remained, which crystallized upon thorough evacua-
tion over several hours. As shown by NMR spectroscopy, the product
(1) was formed directly in high purity; it could be used in secondary
reactions without further purification. Recrystallization from n-
hexane afforded colorless crystals (Yield: 1.53 g, 97 % ). M.p. (under
argon, sealed capillary): 87-89°C (decomp); 'H NMR (400 MHz,
CDg): 6=3.20 (4H, q, *Jy.;; =7.0 Hz, OCH,), 3.00 (3H, br's, GaH),
1.02 (6H, t, Jyy=7.0Hz, CH; of ether), 0.35 (18H, s, SiMe,),
—0.77 ppm (1H, s, GaCH); *CNMR (100 MHz, C,Dy): 0=66.5
(OCH,), 14.7 (CH; of ether), 3.1 (SiMe;), —4.2 ppm (GaC); Si NMR
(79.5 MHz, C¢Dg): 6 =0.63 ppm; "Li NMR (155.5 MHz, C¢D): 6 =
0.41 ppm; IR (paraffin, CsBr): #=1770 vs, br vGaH, 1483 w, 1449 s
(paraffin), 1422 w OCH, 1387 s (paraffin), 1300 m, 1242 vs 6CHj, 1184
m, 1153 m, 1093 vs, 1065 vs vCC, vCO, 1024 vs SCH(Si,), 924 s, 833 vs,
790 s, 770 vs, 754 vs pCH;(Si), 683 m, 667 vs v, SiC, 611 s, 596 s v SiC,
505 cm ™' w vGaC.

Synthesis of 2: Solid (H,0,),dabco*! (0.72 g, 4.00 mmol, excess)
was suspended in diethyl ether (25 mL) at 0°C and intensively stirred
at that temperature for 10 min. The mixture was cooled to —50°C and
slowly treated with a solution of the gallium hydride 1 (0.62 g,
1.98 mmol) in diethyl ether (10 mL). The suspension was allowed to
warm to room temperature 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."!! Filtration and cooling of the filtrate to —15°C
afforded colorless crystals of 2. The solid was washed twice with n-
hexane (5 mL) to remove excess dabco (Yield: 0.91 g, 69%). The
peroxide content was determined by hydrolysis of 2 in dilute HNO;
and subsequent addition of iodide to give iodine, which was
determined quantitatively by titration with thiosulfate. We reprodu-
cibly obtained greater than 90 % of the calculated peroxide concen-
tration. M.p. (under argon, sealed capillary): slow decomposition at
room temperature; 'H NMR (400 MHz, [Dg]toluene, 220 K): 6 =2.63
(36H, dabco), 0.11 (108H, s, SiMe;), —0.42 ppm (6H, s, GaCH);
BCNMR (100 MHz, [Dgltoluene, 220K): 6=48.3 (dabco), 3.9
(SiMe;), 0.5 ppm (GaC); ¥Si NMR (79.5 MHz, [Dg]toluene): 6 =
—1.3 ppm; "Li NMR (155.5 MHz, C,Dg): 6 =0.71 ppm.
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