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The amino substituted gallatetrahedranes described herein,
Gay(tmp), [tmp = 2,2,6,6-(tetramethylpiperidino)] and Gay[N-
(SiMejz)dipp]s (dipp = 2,6-diisopropylphenyl), are the first
oligomeric gallium(I) amides to be reported. These com-
pounds are formed in a facile manner from “Gal". A new
hexagallane with an unusual structure is also described. The

clusters were characterized by NMR and UV/Vis spec-
troscopy, single-crystal X-ray crystallography, and DFT cal-
culations.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Introduction

The cluster chemistry of gallium seems to be dominated
by metal-rich compounds.!'l Prominent examples include
[Gag{Si(CMes)s}l*, (x = 0, 2),) [Gao{Si(SiMe3)s} 6] ,I*
[Gayo{Si(SiMe3)s} 6], Gay1(CeH3-2,6-Mes, ). [Gay(fluor-
enyl);o]* 1 [Ga3{Si(CMes)s}l[¥ [GanRg] [R = Si-
(SiMes)s],T Ge(SiMe;)s,B1 Si(CMes)s,P1  [Gang{Si(Si-
Mes)s}s]” 1O [Gagy {N(SiMes)y}20]* ' and  Gaps[N(Si-
Me3),];;.[1

Known gallium(I) derivatives are either cluster com-
pounds, (GaR), where n = 4-9, or monomeric species.
Examples of cluster compounds are GajR4; [la R =
C(SiMe;)s, 3! 1b Si(SiMes)s,14 1 Si(CMes)sdY], Gag[Si-
Me(SiMes),]6,['% and [Gag(CMe;)o].['718] For (GaR),, clus-
ters, n skeletal electron pairs are counted, these clusters may
hence be termed hypercloso clusters. [Gag[Si(CMes)s]s-
(CH,Ph),J> 1'% and [Gag(fluorenyl)s]* '°! have two more
electrons in their cluster core; therefore, they are closo-type
clusters according to the Wade rules.?>-23] More bulky sub-
stituents stabilize less aggregated compounds such as the
dimeric compound [Ga(2,6-dipp,-CsH3)]».24 GaCp* is mo-
nomeric in the gas phase and in solution, but it forms a
weakly bound hexameric crystal structure.>>27 [Ga{2,6-
iPr,C¢H,NC(CHs),},CH]?®! and the recently reported gal-
lium amide [GaN(SiMes)(2,6-Mes,C¢H3)] (2)1*°! are mono-
mers with a broad scope of applications. A very versatile
starting material into this chemistry has been “Gal”.[3%-311

Gallium(I) amide species are still rare. The parent com-
pound, GaNH,, has been studied in a matrix.3? As a
whole, amino groups are investigated less frequently as clus-
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ter-stabilizing substituents; with the exception of the
(MesSi),N group, which is used to synthesize metalloid
clusters.

Here we report on reactions of “Gal” with bulky lithium
amides to obtain tetrahedral clusters of gallium.

Results and Discussion

By treating “Gal”B% with equimolar amounts of
Li[N(2,6-iPr,CcH3)(SiMes)] [Equation (1)] in a toluene/thf
mixture (2:1) at —78 °C, [Ga{N(2,6-iPr,CsH;)(SiMes)}]4 (3)
is obtained. In a comparable manner, [Ga(tmp)], (4) was
synthesized by reaction of “Gal” and Li(tmp) [tmp =
2,2,6,6-(tetramethylpiperidino)]. Compounds 3 and 4 were
isolated in moderate yields of 24% and 34 %, respectively.
The reactions described here allow synthetically useful
amounts of material to be prepared from “Gal”, whereas
other reactions starting from “Gal” form a mixture of
products simultaneously and mostly in very low yields, as a
result of disproportionation and redox reactions that in-

toluenc/th(
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volve the reagent LiR. This difference may be due to the
lower reductive ability of amides compared to that of silan-
ides.

Nevertheless, the formation of elemental gallium points
to accompanying redox reactions. No products could be
isolated, but in the case of the tmp derivative, NMR spectra
of the reaction mixture indicated the formation of Ga-
(tmp)>IB33 and Ga,(tmp)4,B* which are expected byprod-
ucts. Gallium(I) amides 3 and 4 are yellow and very soluble
in n-hexane, toluene, and tetrahydrofuran. Compound 3 is
tetrameric in benzene solution, as determined by cryoscopy.
Temperature-dependent NMR spectroscopic studies (20—
70 °C) suggest a tetramer/monomer equilibrium in solution
(see below).

In the case of LiN(SiMe;),, the tetrameric species [GaN-
(SiMes),]4 was not observed, and only the disproportiona-
tion product 5 was isolated in minor yields [Equation (2)].
This is partly in line with the results observed for the reac-
tion of metastable GaX solutions with LiN(SiMes),, which
lead to the higher metalloid Ga,; and Gag, clusters. In a
similar reaction, with only toluene as solvent, the only ob-
served products were gallium and Ga[N(SiMes),];. The
source of the oxygen atom that bridges two gallium atoms
in 5 was not clear. Either thf was cleaved by the Lewis acidic
Ga[N(SiMes),]I units or Ga[N(SiMes),]I was hydrolyzed by
traces of water. Compounds 5 and Sa, a derivative of 5 in
which Li(thf) is replaced by a LilLi(thf); unit (see Support-
ing Information), were formed reproducibly. This might be
indicative of thf as the oxygen source.

toluene/thf
"Gal” + LiN(SiMe3),

[Li(thf)][Ga JO{N(SiMes)s} 6]

~78°C
—Ga 5
—Lil 2)

Spectroscopic Characterization

Both compounds 3 and 4 were fully characterized by 'H-,
13C-, 2°Si NMR and UV/Vis spectroscopy and elemental
analyses as well as X-ray structure analysis. The signals in
the proton and carbon NMR spectra were associated by
HMBC correlation. For 3, a characteristic signal for the
SiMe; group was found at 6 = 0.09 ppm. The proton reso-
nance of the isopropyl moiety was detected as one set of
doublets at 0 = 1.26 ppm (CH3) and a septet at 0 = 3.4 ppm
(CH). The coincidence of the diastereotopic methyl groups
is indicative of a similar environment and thus of free rota-
tion around the Ga—N bonds. The singlet observed at ¢ =
3.2 ppm for the SiMe; group at 293 K by *°Si NMR spec-
troscopy was the most characteristic for 3. Upon heating to
333 K, a new signal at 1.4 ppm appeared, but it disappeared
again upon cooling. This is indicative of the dissociation of
3 in solution. A AG value of 20 kJ/mol for the dissociation
of 3 into monomers was derived from the NMR spectro-
scopic data. Quantum chemical calculations (see below)
predict low tetramerization energies for GaNR, and are in
line with this observation.
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The 'H NMR spectrum for 4 shows three signal groups.
The methyl groups resonate at 0 = 1.65 ppm, the protons
of the six-membered piperidine ring give rise to multiples
at 0 = 1.32 and 1.55 ppm. The carbon atoms in the ring
resonate at 18.7 (C-4), 41.3 (C-3,5), and 55.6 (C-2,6) ppm
in the '*C NMR spectrum, as expected. The resonance sig-
nal for the methyl groups is at 6 = 36 ppm. The chemical
shift for C-2,6 is typical for Ga(tmp) derivatives and is
shifted to higher frequencies compared to tmpH. For com-
parison, the formal oxidation product of 4, [Ga(tmp)S],,
shows a signal for C-2,6 at § = 54.9 ppm.**! Here, too, the
observation of only one set of tmp signals is indicative of
free rotation around the Ga—N bond.

The mass spectra of 3 and 4 do not have the molecular
peak characteristic for the tetramers. In the case of 4, the
peak at highest mass, at m/z = 419, corresponds to
[Ga,(tmp),]*, from which one Ga is lost to give [Ga-
(tmp),]* at m/z = 349.

Solutions of 3 and 4 absorb in the UV range at 280 and
268 nm, respectively. The extinction coefficients suggest a
weak transition. In contrast, the intensively colored silyl
and organyl substituted gallatetrahedranes show absorption
bands at about 500 nm.

Crystal Structure Analyses

Tetragallane 3 crystallizes from n-hexane at —30 °C as
yellow crystals in the monoclinic space group P2c
(Table 1), while 4 crystallizes in the monoclinic space group
Cc. The molecular structures of molecules 3 and 4 are pre-
sented in Figure 1 and Figure 2.

The cores of 3 and 4 are distorted tetrahedra of gallium
atoms. The gallium-gallium distances in 3 spread over a
range of 10 pm [dg. Gga = 258.6(1)-268.5(1) pm], those for
4 cover a range of 6 pm [dga ga = 258.4(1)-264.2(1) pm].
This is different from the results obtained for silyl and or-
ganyl substituted gallatetrahedranes, in which nearly regu-
lar tetrahedra were observed. Silyl substituted derivatives
1b and 1c have shorter gallium—gallium distances [dG, Ga =
258.4 pm, 1b;!'4 257.2 pm, 1cl'3-3%37]] than organyl substi-
tuted ones [dg, Ga = 268.8 pm, 1a].l'3] Steric as well as elec-
tronic reasons for these differences have been discussed.!
The gallium-nitrogen bond lengths in 3 and 4 are similar.
The average Ga—N distances are 186.0 and 188.5 pm for
3 and 4, respectively. The nitrogen atoms in 3 and 4 are
coordinated in a nearly planar manner by a gallium atom
and two carbon atoms (or a silicon atom). In 3, the nitrogen
atoms are less than 2 pm outside the corresponding Ga-Si—
C-planes. In 4, the deviation is slightly larger, with values
between 5 and 15 pm. Nevertheless, the nitrogen atoms can
be regarded as coordinated in a planar fashion. The N-Si—
C bond lengths and the Ga—N-Si bond angle in 3 are very
similar to those observed for 2. The gallium-nitrogen bond
lengths in 3 are similar to that in a N(SiMes)dipp derivative
of gallium(I1I).8 The gallium-nitrogen distances of 4 are
in the typical range observed for Ga(tmp) compounds
like Ga,(tmp)s [dga~ = 190.1(4) pm] and Ga(tmp),Ph
5081
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Table 1. Crystal data and data collection parameters.

Compound 3 4 5
Empirical formula C60H104Ga4N4Si4'0.5C4H80 C36H72G34N4 C44H124G361LiNGSi12
Formula weight 1309.8 839.9 1674.7
Crystal size 0.21Xx0.12x0.11 0.13x0.39x0.41 0.53%0.33x0.32
Crystal system monoclinic monoclinic triclinic
Space group P2,/c Ce Pl

a [pm] 13.112(3) 18.843(4) 13.492(3)
b [pm] 23.474(5) 18.267(4) 16.289(3)
¢ [pm] 25.591(5) 12.548(3) 21.963(4)
a [°] 90.58(3)
BI°] 92.43(3) 95.41(3) 95.17(3)
7 ] 114.15(3)
Vpm? 7.870(3) 4.299(2) 4.380(2)
V4 4 4 2
p(caled.) [g/em?] 1.105 1.297 1.270

i [mm] 1.449 2.506 2.367
F(000) 2772 1760 1728
20]]’1&])( [O] 42 48 48

Temp. [K] 200 200 200

Refl. collected 33822 13484 28107
Refl. unique 8217 6588 12889
Refl. observed (40) 4056 5615 8788

Riy 0.1182 0.0640 0.0478
Absorption corr. numerical numerical numerical
Min/max. transm. 0.7361/0.8584 0.4286/0.7192 0.3558/0.5785
No. variables 724 414 739
Weighting schemel®! x 0.0499 0.0637 0.0439
GOOF 0.779 0.967 0.860
Final R (40) 0.0480 0.0398 0.0340
Final wR, 0.1185 0.1000 0.0827
Largest resid. peak [e/A?] 0.77 0.92 0.55

[a] w' = 0°F,> + (xP)% P = (F,” + 2F2)/3.

O &)

i
Sid

0O

Figure 1. View of a molecule of 3. Selected distances [pm] and
angles [°]: Gal-Ga2 260.2(1), Gal-Ga3 267.6(1), Gal-Ga4
258.6(1), Ga2-Gad4 261.9(1), Ga2-Ga3 268.5(1), Ga3-Ga4
262.0(1), Gal-N1 187.2(6), Ga2-N2 187.1(7), Ga3-N3 187.5(7),
Ga4-N4 182.3(6), Si-N 174.4(7)-176.6(7); N-Ga-Ga 137.9(2)-
149.0(2), Ga—Ga—Ga 58.07(4)-61.87(4), C1-N1-Sil 120.0(5), C1-
N1-Gal 115.0(5), Sil-N1-Gal 125.0(4).
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Figure 2. View of a molecule of 4. Selected distances [pm] and
angles [°]: Gal-Ga2 258.9(1), Gal-Ga3 264.1(1), Gal-Ga4
261.6(1), Ga2-Ga3 258.35(9), Ga2-Ga4 264.1(1), Ga3-Ga4
261.1(1), Gal-N1 187.6(5), Ga2-N2 188.2(4), Ga3-N3 189.6(4),
Gad4-N4 188.7(5); N-Ga-Ga 142.3(1)-148.3(2), Ga-Ga-Ga
58.93(3)-61.41(3), C1-N1-C5 121.0(5), C1-N1-Gal 119.7(4), C5-
N1-Gal 119.0(4).
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[dGan = 188.3(2) pm].*3! Gallium(I) amides with two- and
three-coordinate gallium atoms have longer gallium-nitro-
gen distances, e.g. [{H(CMeCdipp,N),}Ga]?® [dg. n =
205.4(2) pm], [dippNC(NCy,)Ndipp]Gal?! [dg.n =
209.1(2) pm], and Tp7Bu,Ga [dg, n = 223.0(5) pm], where
TptBu, = tris(3,5-di-tert-butylpyrazolyl)hydroborato.[*°]
Even relative to the monomeric gallium(I) amide 2
[dga~ = 198.0(2) pm], the gallium-nitrogen bonds seem to
be shortened by 10 pm. The gallium-nitrogen distances in
the metalloid clusters Ga,; and Gag, are in a similar range
[dga~ = 186-190 pm]. A comparable shortening was ob-
served on the tetramerization of [GaC(SiMes)s].["31 The
long Ga—X bonds in the monomer were explained by the
influence of the lone pair. To determine whether this is valid
for gallium(I) amides as well, DFT calculations were per-
formed.

Compound 5 crystallizes in the triclinic space group P1
together with a disordered molecule of tetrahydrofuran.
Compound 5 (Figure 3) is a hexagallanate with six bis(tri-
methylsilyl)amino, one iodo, and one oxo substituents. The
counterion is a lithium cation coordinated by a thf mole-
cule. The lithium ion is bonded by a Li-O and a Li-N con-
tact to the hexagallane core. This means that the GagXq
derivative has an intermediate formal oxidation state of
1.66, which is close to that of Gayle. The latter was synthe-
sized directly from the elementsi*! and could be iden-
tified*”l by means of Raman spectroscopy as a possible
component of “Gal”. Upon heating a suspension of “Gal”
in toluene to about 100 °C for a week, crystals of Gayls can
be obtained.

The structure of 5 is best described as a central gallium
atom coordinated by four gallium atoms in a distorted tet-
rahedron (angles Ga—Ga-Ga = 89.9-120.9°). Three of them
are part of GaX, groups where X, is [N(SiMes)],,
[N(SiMe3)I], or [N(SiMe3)],Op 5. The fourth gallium atom
is part of a Ga, unit and is ligated to a N(SiMes), group
and a [GaN(SiMes),0q 5] group. Thus, a five-membered
ring composed of four gallium atoms and one oxygen atom
is formed in a slightly twisted conformation [torsion angles
for Gal-Ga5-Ga3-Ga2 and Ga5-Ga3-Ga2-Ol are —19.2°
and 24.6°, respectively].

The iodine atom bonded to Ga4 is connected to Ga5 as
well, which means that Ga$ is tetracoordinate, like the cen-
tral Ga3. The gallium—iodine distances (dg, 1 = 289.2 and
299.0 pm) are relatively long compared to other com-
pounds with four-membered Gasl rings; for example, in
{(Me3Si);Si}4Gagls~ (6)P] they are at 285 pm. The remain-
ing gallium atoms are in a planar environment made up of
their substituents. The nonplanar, four-membered Gasl ring
has an acute angle [angle (Ga-I-Ga) = 73.68(3)°] at the
iodine atom. The remaining inner ring angles are between
89 and 92°. The ring is butterfly-like with a roof angle of
31.7°. Both rings are oriented orthogonally to one another.
The gallium-gallium bond lengths range from 246.5 to
252.7 pm, which is typical for digallanes R4Ga, and other
oligogallanes,!'! which can be described by 2c2e gallium—
gallium bonds. Also comparable is the subhalide
Ga;sCl*(OEt,)s,*3 in which a central gallium atom is tetra-

Eur. J. Inorg. Chem. 2007, 50805086
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Figure 3. View of a molecule of 5. Selected distances [pm] and
angles [°]: Gal-Ga5 250.00(9), Ga2-Ga3 250.59(8), Ga3-Ga4
246.49(8), Ga3-Ga5 248.8(1), Ga3-Ga6 252.7(1), Gad4-I1 289.2(1),
Ga5-I1 299.04(9), Gal-O1 185.1(2), Ga2-O1 185.1(2), Gal-N1
196.8(3), Ga2-N2 190.0(3), Ga4-N4 186.4(3), Ga5-N5 190.4(3),
Ga6-N6 190.0(3), Ga6-N7 191.2(3§), N-Si 174.2(3)-175.6(4);
Ga2-Ga3-Ga4 96.65(3), Ga2-Ga3-Gab6 118.46(3), Gad-Ga3-Gab
120.88(3), Gad4-Ga3-GaS 89.94(3), Ga6-Ga3-Ga5 128.77(3),
Ga2-Ga3-Ga5 94.22(4).

hedrally surrounded by four gallium atoms, and tetragal-
lane 68! [average dg, Ga = 253 pm].

The gallium-nitrogen bond lengths are between 186.4
and 196.8 pm. This is in the typical range for gallium-nitro-
gen bonds, e.g. Ga[N(SiMe3)s] [dgan = 186.8(1) pm].[4447]
Bonds between gallium and nitrogen show considerable
variations due to inductive and steric effects of gallium sub-
stituents. In general, electron-withdrawing substituents at
gallium lead to shorter gallium—nitrogen bonds.** In 5, the
longest gallium-nitrogen bond is the Gal-N1 bond, where
N1 is coordinated to lithium. The shortest is the Gad4—N4
bond, where the gallium is also bonded to an iodine atom.

At the triply coordinated gallium centers Ga2 and Gao,
the NSi, planes are twisted by approximately 45° to the
planes described by the adjacent gallium atom and its
bonding partners. At the Gal center, the twist angle is
larger (70°). This difference is due to the interaction of the
nitrogen atom with the lithium ion and the resulting steric
restrictions. At Ga4, the NSi, and Ga4-N4-11-Ga3 planes
are orthogonal. The N4-Ga4-Ga3 angle is very wide
(165°). This might hint to an alternative description with a
gallium(I) amide (Me;Si),NGa as Lewis base adduct to a
pentagallate residue, as depicted in Scheme 1. In line with
this description are the short gallium-nitrogen bond to
Gad4, the long gallium—iodine distance, and the large angle
at Ga4.[4+47
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Scheme 1. Description of 5 as a gallium(I) adduct to a pentagallan-
ate.

Quantum Chemical Calculations

Geometry optimizations at the RI-DFT* Jevel with the
BP86-functional and def-SVP base sets for all atoms have
been performed for monomeric gallium(I) amides 7-10 and
the tetrameric species 11-14 (Table 2). The calculated struc-
tural parameters for 13 are similar to those observed for 3,
but the bonds are all a little bit elongated (dg, g = 263.5—
272.2 pm, dg, n = 192.3 pm, dy g = 179.0 pm). Compared
to the monomer 9, the gallium—nitrogen bonds in 13 are
shortened only by 2 pm. For gallium organyls, a larger
shortening of the Ga—N bonds by nearly 10 pm was ob-
served experimentally. Even the gallium—hydrogen bond
lengths in GaH were calculated to be shortened by 9 pm
upon tetramerization to GayHy. The silicon—nitrogen and
nitrogen—carbon bonds were affected slightly [9: dy s =
179.9 pm, dn c = 1433 pm; 13: dy.s; = 179.0 pm, dn ¢ =
144.0 pm]. The Si—-N-C angles are 3° smaller than those in
the monomer. A comparison of 9 with 21*°! shows that the
gallium-nitrogen bond is shorter in 9. Calculations for mo-
nomeric gallium(I) amides reported previously>>3?l and in
this work demonstrate quite strong gallium-—nitrogen bonds,
with minor participation from Ga—N 7 bonds. This is docu-
mented by an Ahlrichs—Heinzmann population analysis,
which gives an SEN value of 1.4 to 1.6 for these amides.[*’]
Values of about 1.4 are typical for Ga—N single bonds.

The HOMO-1 orbitals for 7-10 are mainly Ga 4s orbit-
als, the LUMO and LUMO+1 orbitals have mainly Ga 4p
character. The HOMO orbitals indicate a © bond, which is
polarized to nitrogen. In the tetrameric compounds 11-14,
the SEN values for the gallium—nitrogen bonds are smaller,
indicating the loss of n-bond participation. The HOMO of
cluster 12 (Figure 4) has mainly nitrogen-pair character and
gives no hint of any interaction, either stabilizing or destabi-
lizing, between the lone pairs and the cluster core.

Table 2. RI-DFT results (BP86 functional, def-SVP base) for 7-14.

o I
3 LUMO#1 -A: 241 eV

LUMO
-1.45 eV

El
.“ LUMO
’J -2.05 eV

HOMO
-4.88 eV

.i. HOMO

-4.38 eV

4 ! HOMO-1, -2
-4.60 eV

a HOMO-3

r $ -4.88 eV
HOMG-1 T
-5.62 eV i
-4 Ll
o s HOMO-4, -5
:-M P  sseev
4 % A
8 12
Figure 4. Kohn-Sham frontier orbitals for GaNMe, and

G'd4(NMez)4.

The calculated HOMO-LUMO gaps of about 2.4 eV fit
well with the observed absorption bands in the visible spec-
tral region of 1 but not with those measured for 3 and 4.
Inspection of the LUMO and HOMO of 12 makes clear
that population of the LUMO would weaken the cluster
bonding, because the LUMO is a cluster antibonding or-
bital, whilst the HOMO has, as stated before, essentially
lone-pair character. A more reasonable excitation of an
electron from a cluster-binding orbital like HOMO-4 into
the LUMO could explain the UV-absorption bands of 3
and 4 much better. The monomer would also give rise to
absorptions around 300 nm. The tetramerization energy of
the gallium amides (Ei.ia = 150-170 kJ/mol) is much lower
than those calculated for gallium silyls (Eea = 300400 kJ/
mol) and organyls (E\.a=200 kJ/mol). This is a conse-
quence of the Ga-N m bond in monomeric gallium(I)
amides, which has to be broken upon tetramerization. A
hypothetical dimer should have a very long Ga—Ga distance
[dGa_Ga = 299.5 pm] and a very low dimerization energy of
16 kJ/mol. A trimer [Ga(tmp)]s is calculated to have a ir-
regular triangular Gas core [dg..Gga = 261.0-280.3 pm,
dGa~ = 193.0 pm] and has a trimerization energy of 58 kJ/
mol.

H,GaNH, GaNH, GaNMe, GaN(SiMes)dipp Ga(tmp) [GaNH,]; [GaNMe,)l; [GaN(SiMe;)dipplys [Ga(tmp))y
7 8 9 10 11 12 13 14

dGa_Ga [pm] - - - - - 257.7-263.0 258.2-267.7 263.5-272.2 259.9-269.8
dGa~ [pm] 182.6 188.8 190.9 194.3 193.8 187.1 187.9 191.7-192.9 191.6-193.0
Ereyra [kKJ/mol] - - - - - 56 50 150 173
HOMO-LUMO [eV] 4.55 3.57 2.84 3.05 3.31 2.28 1.96 241 2.31
SEN Ga-N 1.62 1.62 1.49 1.36 1.39 1.08 1.21 1.09
SEN Ga-Ga - - - - - 1.23-1.25 1.13-1.24 1.11-1.25
SEN Ga-Ga-Ga - - - - - 0.32 0.25 0.35
Qg @ 0.01 -0.02 0.01 0.15 0.01 0.08 0.07 0.16
Qn ™ -0.16 -0.20 -0.01 -0.29 -0.12 -0.38 -0.13 -0.44

[a] Charges with multicenter correction.]
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The HOMO of tetramer 11 is higher in energy than that
of the monomer. A similar situation is found for gallium
organyls, where monomerization in gas phase and solution
is easy. For gallium silyls, the HOMO energies for tetrahe-
dral clusters are lower than those for the monomers. Com-
pound 12 is a distorted tetrahedron, thus the HOMO is a
nondegenerate molecular orbital, in contrast to the regular
tetrahedral clusters with 7,; symmetry, where the HOMO is
of the t, type.

Conclusions

The facile synthesis of the first amino-substituted galli-
um(I) clusters, with functional groups attached to cluster
cores, opens new reaction possibilities, which might lead to
novel cluster types and give insight into cluster formation
reactions.

Experimental Section

General Remarks: All experiments were performed under purified
argon or in vacuo with Schlenk techniques. All yields are referenced
to “Gal” as starting material. Elemental analyses were performed
in the microanalytical laboratory of Ruprecht-Karls-University of
Heidelberg. NMR: Bruker AV400-600; The UV/Vis spectra were
measured at 18 °C with a JASCO V-570 UV/Vis/NIR Spectropho-
tometer, using a Suprasil quartz cell (10 mm transition thickness)
in n-hexane as solvent. Quantum chemical calculations: TUR-
BOMOLEM47:481 and G03/GaussView.[*%]

X-ray Crystallography

Suitable crystals were mounted with a perfluorinated polyether oil
on the tip of a glass fiber and cooled immediately on the goniome-
ter head. Data collection was performed with Mo-K, radiation
(graphite monochromator) on a STOE IPDSI diffractometer.
Structures were solved by direct methods and refined by full-matrix
least-squares against F2. All non-hydrogen atoms were given aniso-
tropic displacement parameters. Hydrogen atoms were included in
calculated positions. Calculations were performed by using the
SHELXTL package.*®! Crystals of 3 were weakly diffracting; no
reflections could be observed at 20>40°.

CCDC-641586 (3), -641585 (4), -641587 (5), -650747 (5a) contain
the supplementary crystallographic data for this paper. These data
can be obtained free of charge from the Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

[Ga{N(2,6-iPr,CsH3)(SiMe3)}]4 (3): Into a vigorously stirred sus-
pension of freshly prepared “Gal” (0.61 g, 3.9 mmol) in toluene
(20 mL) at —78 °C was added a solution of Li[N(2,6-iPr,CsH3)-
(SiMe3)] (1.10 g, 4.3 mmol) in thf (§ mL). After slow warming to
room temperature, the mixture was stirred for an additional hour.
All volatiles were removed in vacuo. The residue was extracted with
n-hexane (30 mL). The yellow solution was concentrated to about
10 mL. At -30 °C, yellow crystals of compound 3 were isolated.
Yield 0.30 g, 0.24 mmol (24%). 'H NMR (C¢Dg): 6 = 0.09 (s, 9 H,
SiCHs3), 1.26 [d, 3Jyn = 6.9 Hz, 12 H, CH(CH>),], 3.44 [sept, 2 H,
CH(CHs),], 7.07 (m, 3 H, CH arom.) ppm. '3C NMR (C¢Dy): 6 =
0.8 (SiCH3), 23.8, [CH(CH3),], 28.4 [CH(CHj;),], 123.3 (m-C),
124.0 (p-C), 139.8 (0-C), 144.6 (i-C) ppm. 2°Si NMR (C¢Dg): § =
3.26 ppm. UV/Vis (n-hexane): /Am.x (&, Lmol'cm!) = 280
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(996) nm. CeoH 04GasN,Siy (1272.7): caled. C 56.62, H 8.24, N
4.40; found C 54.95, H 8.23, N 4.39.

[Ga(tmp)],4 (4): Into a vigorously stirred suspension of freshly pre-
pared “Gal”B% (0.99 g, 51 mmol) in toluene (20 mL) at —78 °C was
added a solution of Li(tmp) (0.82 g, 55 mmol) in thf (8 mL). After
slow warming to room temperature, the mixture was stirred for 1 h.
All volatiles were removed in vacuo. The residue was extracted with
n-hexane (30 mL). The orange solution was concentrated to a vol-
ume of 5 mL. At -30 °C yellow crystals of compound 4 were iso-
lated; yield 0.37 g, 0.44 mmol (34%). '"H NMR (C¢Dg): 6 = 1.32
[m, 4 H, (CH3),CCH,], 1.55 (m, 2 H, CH,CH,CH,) ppm. 1.65 [s,
12 H, C(CH3)] ppm. '*C NMR (C¢Dy): 6 = 18.8 (CH,CH,CH,),
36.6 [C(CHj3),], 41.3 (CH,CH,CH,), 55.6 [C(CH3),] ppm. UV/Vis
(n-hexane): Apax (6, Lmol 'em ') = 268 (155) nm. C3;sH7»GayNy
(839.8): caled. C 51.48, H 8.64, N 6.64; found C 50.46, H 8.46, N
6.35.

Gag|N(SiMe;),]¢lOLi.thf (5): Into a vigorously stirred suspension
of freshly prepared “Gal” (0.66 g, 3.35 mmol) in toluene (20 mL)
at —78 °C was added a solution of LiN(SiMes), (0.62 g, 3.68 mmol)
in thf (8 mL). After slow warming to room temperature, the mix-
ture was stirred for an additional hour. All volatiles were removed
in vacuo. The residue was extracted with n-hexane (30 mL). The
remaining solid was not soluble in any common solvent and con-
sisted mainly of Lil and elemental gallium. The orange solution
was concentrated to a volume of 5mL. At -30 °C, some yellow
crystals of compound 5§ were isolated.

Supporting Information (see footnote on the first page of this arti-
cle): Crystal data, structure refinement, and selected bond lengths
and bond angles for 5a.
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