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Abstract: Herein we describe three Gag compounds that feature gallium atoms in
an oxidation state of 1.25 with normal valent 2e-2c bonding. Their structures and

the influence of their ligands (phosphorus and nitrogen atoms directly bonded to
the Gag moieties) are discussed on the basis of DFT calculations, providing an in-
sight into a probable mechanism for insertion reactions between GaX and GaX; lium -
species that lead to a reaction cascade via halides like Ga,X, and GasX; to GagX,
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and GagX,,>", respectively. Finally, the Gag cores of the three title compounds

were compared with the topology of carbon atoms in Cg alkanes.

Introduction

Molecular compounds with direct Ga—Ga bonds have been
developed only in the last 20 years; that is, until 1979 only
one example, a donor-stabilized dihalide Ga,Cl,2L (L =di-
oxane), was structurally known. In the last two decades, a
wide variety of compounds with Ga—Ga bonds have been
formed that exhibit rich chemistry.”) Today there are already
three structurally known examples of Gag clusters with the
gallium atoms having an average oxidation state of <1:
Gaglg6L (1) (L=Lewis donor molecule),’! [GagR,] (R =Si-
(SitBus);) (). and [GagRg (R=C(SiMey);) (3"
(Scheme 1).

As the oxidation state of the gallium atoms decreases
across the series 1 to 3, the number of Ga—Ga bonds rises
from 8 to 13, that is, 2 and 3 as typical metalloid clusters
show delocalized multicenter bonding as a result of their
electron deficiency. To show the strong correlation between
bonding and oxidation number, even for oxidation states be-
tween 1 and 2, we present three [GagR ] species with bulky

[a] J. Hartig, J. Steiner, A. St6Ber, Prof. Dr. H. Schnockel
University of Karlsruhe (TH)
Engesserstrasse 15, Geb. 30.45, 76128 Karlsruhe (Germany)
Fax: (449)721-608-4854
E-mail: Hansgeorg.Schnoeckel@chemie.uni-karlsruhe.de

Supporting information for this article is available on the WWW
under http://www.chemeurj.org/ or from the author.

Chem. Eur. J. 2007, 13, 4475-4482

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

substituents bonded directly to the Gag framework through
phosphorus or nitrogen atoms. One issue raised here regards
the effect of the electron lone-pairs of the phosphorus or ni-
trogen atoms on the structure of the Gag moieties and to
what degree a classical bonding situation, as in the hitherto
only known species of this kind, the binary Gas;X;-SL halide
(X=Cl, Br)!*™ (4) (Scheme 2), which exhibits an average
oxidation state for the gallium atoms of 1.4, is achieved.

Owing to the reactivity of the halides, which has been
shown in extensive studies,”! their synthesis and manageabil-
ity is difficult. We have tried to stabilize these compounds
by substituting the halogen atoms with bulky ligands in an
effort to understand the primary processes that occur during
disproportionation. Furthermore, the obvious structural sim-
ilarity of 4 and saturated alkane compounds has led us to
question whether such formal analogy considerations are
also applicable to the Gag species presented herein.

Results

First, the synthesis of the compounds Gag[P(iPr),]sCl, (5),
[Gag{P(1Bu),}sCL]  (6), and [Gag{(R),(R'),(R"),OLi}][Li-
(ELO),] (7) (R=N(SiMe;)(Dipp). R'=NH(Dipp), R’=
NDipp, (Dipp =diisopropylphenyl) and their structures, de-
termined by single-crystal X-ray diffraction analysis, will be
described. The exceptional structure of 7 will then be sup-
ported by additional DFT calculations on model molecules.
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L [Gag{P(iPr),}sCl,] (5): After crystals of 6 were formed as a by-product of the metalloid
~ éa/ jointly condensing GaCl mole- cluster [Ga,s(PtBu,),o]!? described previously. The result of
cules, which are thermodynami- the structural analysis of this compound and selected bond-
’ cally stable at around 900°C, ing parameters are presented in Figure 1b.""! In contrast to
- /Ga\G _— with a mixture of toluene and the strongly distorted rhombic Ga, ring in §, the correspond-
/C‘ra ’ $a\L diethyl ether (4:1), a metastable ing ring in 6 features four equal bond lengths of 256.3 pm,

L Ga\ L GaCl solution was obtained.® 1% which compares with 241.1 and 273.8 pm in 5.
L The reaction of this solution The four terminal PrBu, groups (compared with two PiPr,
with an equimolar amount of groups in 5) allow or enforce the additional uniform (u,)
LiPiPr, (in a small excess) did bridging of two gallium atoms with a chlorine atom, whereas

Ga;X; 5L 4 not (yet) yield the expected in 5 these two chlorine atoms are terminally bonded.
Scheme 2. metalloid gallium clusters.””’ In-

stead yellow platelike crystals

of 5 as the only crystalline

product were obtained from a
pentane fraction. The crystal structure of § determined by
X-ray analysis!'!! is shown in
Figure 1a along with selected
bonding parameters. The two
acute angles in the Ga, frame-
work (e.g., Ga3-Ga2-Ga3')
amount to 73.3° (Figure la).
Therefore the distance between
the “naked” Ga*° atoms Ga3
and Ga3' is reduced, but at
308.3 pm cannot be regarded as
a bond (cf. the analogous dis-
tance in compound 6 and the
discussion following below).

[Gag{P(rBu),}sCL,] (6): When
the metastable GaCl solution
described in the synthesis of §
was treated with a small excess
of LiPrBu, suspended in tolu-
ene, a dark-colored pentane ex-
tract was finally obtained fol-
lowing the thermal treatment
described in the Experimental
Section. In this fraction red
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[Gag{(R),(R),(R"),OL}][Li(Et,0),] (7): A metastable
GacCl solution in toluene/diethyl ether (3:1) prepared as de-
scribed above was warmed to —30°C and added dropwise to
LiN(SiMe;)Dipp suspended in pentane.'”) After thermal

b)

.Ga
@c ) d
@r

Figure 1. Ball-and-stick representations of the molecular crystal structures of a) 5 and b) 6. Compound 5: Ga—
Ga distances vary from 2.41 (Ga3—Ga2') to 2.50 (Ga3—Ga4) to 2.74 A (Ga3—Ga2). The Ga3—Ga3' “diagonal”
in the Ga, ring is 3.08 A. The terminal Ga—P and Ga—Cl distances are 2.36 (Ga4—P1) and 2.26 A (Gal—Cl).
Compound 6: The Ga—Ga distances in the Ga, fragment are of equal length (2.56 A) as are the four Ga—Ga
ring distances (e.g., Ga2—Ga3) with lengths of 2.52 A. The terminal Ga—P distances are 2.42 A (e.g., Ga3—P1)
with the bridging bonds being asymmetric (e.g., Ga3—P2 2.51 and P2—Gal 2.41 A). The Ga-Cl-Ga bridge is
symmetrical with bond lengths of 2.4 A (e.g., Ga3—Cl) and an angle of 120°.
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treatment as described in the Experimental Section orange-
brown crystals of 7 were obtained.!')

The main structural parameters of 7 are presented in
Figure 2. In the ethane-resembling Gag framework (cf. the
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Figure 2. Ball-and-stick representation of the molecular crystal structure
of the Gag anion 7. The calculated structural parameters of [Gag{NH-
(C¢Hs)},(NH,),(NH),OLi]~ (7a) are listed in parentheses. The central
Gal—-Ga2 distance is 2.50 A (2.56). All other Ga—Ga distances vary
within narrow margins (e.g., Gal—Ga7 2.42 (2.45), Ga2—Ga8 2.41, and
Ga2—Ga4 2.40 A (2.47)). The Ga—N distances vary from 1.86 (Ga4—N4
and Ga5—-N1) to 1.87 (Ga7-N7) (1.88) to 1.89 A (Ga8—N8, Ga3—N3, and
Ga6-N1) (2.00). The Ga—O distance in the Ga4—O—Ga3 bridge is 1.87 A
(1.90). The Li—O distance is 1.85 A (1.79). The Li—C distances vary be-
tween 2.56 and 3.14 A with an average value of 2.84 (2.30-4.10 A with an
average value of 3.24).

Discussion section) the central Ga—Ga bond (sp*-coordinat-
ed gallium) of 251 pm is plausibly significantly longer than
the six terminal Ga—Ga bonds ((241£1) pm). The eight ni-
trogen atoms bonded directly to the Gag framework are to a
large extent trigonal planar, that is, only slightly pyramidally
distorted. Correspondingly, all Ga—N distances are short-
ened relative to those of sp’-coordinated gallium and nitro-
gen atoms. The Li* ion linked to the Gag moiety through an
oxygen bridge is stabilized by the two phenyl groups of the
two Dipp ligands (e.g., analogous to the coordinated ben-
zene in pentabenzylcyclopentadienyllithium (Li(n’-CsBzs),
see ref. [14] and also the literature cited therein). The for-
mation of the remarkable, unexpected compound 7 with its
fragmented amide ligands (N(SiMe;)Dipp) is due to a
mishap in its preparation (cf. Discussion section). To con-
firm the unusual structure of 7 we undertook extensive DFT
calculations which are described below and from which a
mechanism for the formation of 7 will be deduced in the
Discussion section.

First, the structure of 7 could be verified by calculations
performed on the model compound [Gag{NH(C:Hs)},-
(NH,)4(NH),OLi]” (7a). The bond lengths determined for
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7a indicate that in spite of the model compound having less
bulky ligands, the trends in the bond lengths are very simi-
lar.

Discussion

In the following discussion of the mechanisms, GaX will be
used to describe either, for example, GaCl units (which
were used in model calculations) or GaR units (with rela-
tively small substituents), which are formed by metathesis of
the former. Because we cannot determine in which order
disproportionation and metathesis occur, or if these reac-
tions proceed simultaneously, only the simplified GaX no-
menclature will be used for practical reasons.

Formation of Ga—Ga bonds in gallium halide solutions: In
the reduction step (oxidation state < 1), the metastable GaX
(X=(l, Br) solutions disproportionate via metalloid gallium
clusters (e.g., [GagR,]*", [Gas R, Br>)!>!¥ towards ele-
mental gallium and in the oxidation step (oxidation state >
1) via Ga,X, species towards gallium trihalides in the final
stages of the process. The results found here give an insight
into the nature of the oxidized products, for which the con-
centration of GaX present in the metastable solution deter-
mines the reaction pathway. Owing to the synthetic route a
certain amount of gallium trihalide or Ga,X; species is
always present in these solutions which can react immedi-
ately with a greater or lesser excess of the GaX species
(Scheme 3).11%

X\ /X
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X
| GaX R L (L
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/N x7 “x X\Ga/‘ 6
X X x
Ga
/N
X
4a
Scheme 3.

GaX as donor/acceptor: Insertion reactions (oxidation and
reduction steps) initially lead to Ga,X, species that can
react further to give, for example, GasX; species. Conse-
quently basic donor—acceptor steps are also necessary here,
for example, Ga(GaX,);+GaX—GasX;, that is, the donor
nature of the Ga' species becomes visible here, as was
shown for [AICp*] and [GaCp*] before (Cp* =CsMes).[""!

According to DFT calculations GaCl is an even better
donor than [GaCp*] because GaCl can act just like a real
carbene, both as a Lewis base and as a Lewis acid, towards
the chlorine atoms of the adjacent gallium centers
(Scheme 4).
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Up to now we could not detect any subsequent reaction
of the GasX; species with binary halides. However, the isola-
tion of compounds 5, 6, and 7 demonstrates that further in-
sertion and addition reactions can lead to larger gallium
frameworks. Only one other mechanism known to us can ex-
plain their formation: Species like GasX; or the related sili-
con-centered molecule SiAl,Cl"*! can also yield metalloid
clusters in the presence of a great excess of AlICI or [AICp*]
via the elimination of AICl; or [AICp*Cl,], respectively
(Scheme 5).
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Scheme 5.

The influence of donor molecules: Besides the influence of
the preformed Ga—Ga frameworks, different ligands affect
the final structures of the Gag species isolated in this work.
In § and 6, the ligands with their phosphorus atoms bonded
directly to the Gag framework act as donors, resulting in
cage-like structures. The Lewis acid gallium centers in 7 are
stabilized through back-bonding by the electron lone-pairs
of the nitrogen atoms, that is, only strengthened covalent
bonding exists in this case and each ligand-bearing gallium
atom is triply coordinated. These factors affect the bonding
in 5, 6, and 7 and will now be discussed in detail.

[Gag{P(iPr),}sCL,] (5): In compound 5 all the gallium atoms
have fourfold coordination, which is depicted schematically
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in Scheme 6 by the 2e-2c and donor Ga—P bonds. Thus, in
this cagelike molecule there exist two terminal and six
bridging Ga—P bonds with phosphorus atoms in the bridges

Cl
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Scheme 6.

and thus six Ga—P donor bonds are formed. The small range
in Ga—Ga and Ga—P bond lengths and the moderate bulk of
the isopropyl groups, leading to a great tolerance for addi-
tional Ga—P contacts, result in a closed cage structure with
eight Ga—Ga 2e-2c bonds. Furthermore, from the schematic
representation of 5 (Scheme 6) it becomes clear how the 10
positive charges overall (i.e., the PiPr, substituent is formal-
ly negative) are distributed over the Gag framework: four
Ga’*, two Ga™, and two Ga*".

[Gag{P(rBu),}sCl,] (6): In analogy with compound § all eight
gallium atoms of 6 have a coordination number of 4
(Scheme 6). Because of the bulkier /Bu ligands four instead
of two terminal and four 2e-2c Ga—P bonds with bridging
phosphorus atoms are formed. To achieve a maximally
bridged cage molecule, nevertheless, both chlorine atoms
form Ga-CI-Ga bridges. This bond situation is depicted in
Scheme 6, with the 10 positive charges also assigned to the
eight gallium atoms, analogously to 5: four Ga**, two Ga*,
and two Ga*".

The four bridging phosphorus atoms and the two bridging
chlorine atoms supply six electron pairs in total as the six
bridging phosphorus atoms do in 5. In both 5 and 6, a Ga,
ring is the central moiety, that is, we find a similar Ga, top-
ology here as in, for example, [GagRg] (R =SiPh,Me)?! and
[Ga;,Br,RR’,] (R=PrBu, and R’'=C(H)nPrPnBu;)
(Scheme 7), that is a metalloid Ga,, cluster with a posi-
tively polarized phosphonium ligand and a negatively polar-
ized Ga,, core.

[Gag{(R),(R")4(R"),OL}][Li(Et,0),] (7): In the preparation
of 7 a mishap occurred, which, however, proved valuable for
structural systematics. Because pure LifBu was not used (the
reagent contained oxidized lithium impurities) in the lithia-
tion of the amine HN(SiMe;)Dipp and the reaction product

Chem. Eur. J. 2007, 13, 4475-4482


www.chemeurj.org

GagR;, Compounds

\
\Ga\/’
AN /
_~N\Ga—___~ Ga——Ga—Ga
/Ga\(l} __—Ga - / / / N
AN /
\ /Ga Ga Ga\
Ga— .
‘Gaf‘Ga’/(l}“‘
|
[Ga,;Br,RR ] [GagRgl™

Scheme 7.

was used without further treatment, reaction of the free
amine and the deprotonated or desilylated NDipp substitu-
ent (formation of (Me;Si),O) occurred besides the planned
metathesis reaction (substitution of Br with NSiMe;Dipp).
The assumed presence of lithium oxide® led to a negatively
charged Gag species and to an anionic Gagl.i ion pair, 7. The
incomplete lithiation and desilylation deduced from the
structure of 7 could also be inferred from the reaction of
GaBr; with this lithium reagent: A saltlike compound
[GaRR’,Br]|[Li(thf),)]T (8) (R=NDipp(SiMe;); R'=
NHDipp) was formed, the structure of which could be veri-
fied by X-ray crystal structure analysis (see the Supporting
Information).

Three independent reactions of a metastable GaCl solu-
tion containing GaCl; and GaCl each yielded the product
described here. Understandably these results could only be
reproduced with a few GaCl solutions, as the GaCl fraction
of a co-condensation solution and its redox potential are de-
cisive factors for subsequent reactions as mentioned above,
that is, for its disproportionation and substitution reactions.

Proposed mechanism for the formation of 7: The isolation
and structural characterization of 7 gives the first experi-
mentally verified insight into the mechanism for the forma-
tion of larger gallium subhalide clusters with classical Ga—
Ga bonds. Such species, which have been postulated before,
can be formed after co-condensation in the above-men-
tioned gallium(I) halide solutions.

The structure of 7 corresponds to the isoelectronic com-
pound 7’ which is a possible precursor formed in halide solu-
tions. The similarity between 7' and 7 in Figure3 and
Scheme 8 is evident.

In principle the formation of 7 can be envisaged as fol-
lows: The octagallate dianion [Ga,(GaCl,)s*" (7’) reacts
through triple substitution of pairs of adjacent chlorine
atoms with O* and NR?>  groups to give a
[Ga,CI;O(NR),]*” ion. The six terminal chlorine atoms are
substituted with NDippH and N(SiMe;)Dipp groups. Finally,
the coordination of a Lit* ion, which is further stabilized by
two phenyl groups, results in the observed anion 7. In con-
trast to the bonding situation in 5 and 6, only covalent Ga—
N bonds are present in this case, which are strengthened by
back-bonding to the triply coordinated gallium centers. This
bond variant is preferred to the donor-bridged phosphorus
atoms in S and 6 mentioned above because of the relatively
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Figure 3. Calculated molecular structure of GagCl,,>~ (7). The central
Ga—Ga distance, parallel to the C; axis of the molecule, is 2.52 A. The
other six Ga—Ga distances are 2.49 A. The terminal and bridging Ga—Cl
distances are 2.25 and 2.48 A, respectively.

short Ga—N ¢ bonds relative to the Ga—Ga distances. The
schematic representation of 7 (Scheme 8) clearly shows that
this octagallate, which contains no Ga, ring, is formed by

\ T12- T12-

\ . ~X
/ N— / Ga—x
\ X
7 GaX,,w 7
Scheme 8.

seven classical Ga—Ga 2e-2¢ ¢ bonds, that is, four Ga**, two
Ga*, and two Ga®" centers are formally present.

Furthermore, in Scheme 9 we have retraced a possible
route from the known GasX; species to an effective precur-
sor of 7, the GagX;,”~ compound 7, by only insertion and
addition reactions. In this formal treatment, the incorpora-
tion of the donors L is set aside for lucidity even though
such donor-free species may not be the most stable isomers
(see below). However, the calculations demonstrate that in-
stead of species containing only terminally bonded chlorine
substituents, more stable species featuring Ga-Cl-Ga
bridges, for example, 7', are formed (Scheme 9).

These model considerations reveal that during the dispro-
portionation of GaX species new Ga—Ga frameworks can
also be formed by the oxidized products (oxidation num-
bers>1) by simple insertion steps that are energetically fa-
vored, that is, oxidation and reduction as well as donor-ac-
ceptor steps.
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Comparison with alkane structures: In very recent systemat- namely the species 7° stabilized by two Cl™ ions
P y Yy y P y

ic structural studies we made a formal analogy between gal-
lium subhalides and saturated hydrocarbons (alkanes):"! for
example, GasX;-5L (L =donor molecule) corresponds to 2,2-
dimethylpropane (Scheme 10a).

For GasX;5L, the analogy with alkanes is established
through the stabilization offered by added donor molecules,
for example, diethyl ether or THF. For molecule 7 presented
here, the alkane-like bond situation is achieved as follows
(for 5 and 6 see the Supporting Information).

The analogy with the corresponding alkane (2,2,3,3-tetra-
methylbutane) is supported by the following consideration:
The donor-stabilized precursor of 7 is the halide GagX;,8L,

a) ]I H
H H
X X
\Ta/ \(|:/
X / \ /
e ‘ Ga=L ac ‘ Sy
Pt / 3 I\{
* /Ga\ L H H/(I/\H
X T X H
L
Ga X, SL 4 CsHy,
by 1 X L
N | v N N
X—Ga —X ~ N
BN \ s \ y /
L—’Ga—Ga—Ga—Gz\r—L —C—C—C—C—
G W
X—Ga Ga~X C C
AN /N I ah
L L
[GagX 4Ll CsRyg
Scheme 10.
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(Scheme 10b). Because every Group 14 element contains
one additional electron compared with Group 13 elements,
a saturated hydrocarbon should bear 18 ligands (CgHys), so
tetramethylbutane is indeed isostructural and valence iso-
electronic with [GagX;(]-8L, and therefore with 7
(Scheme 10b).

The discussion on the formation and bonding of 7 is con-
cluded by hinting at the analogy with the remarkable com-
pound 3 mentioned in the beginning:*! 3 is a singular case
because a “real” metal-metal bond is present in this metal-
loid cluster which contains two gallium atoms bonded to
only three more gallium atoms without being bridged.
Owing to the absence of a bridge there is a greater central
Ga—Ga distance in 3: 261 pm compared with 251 pm. Fur-
thermore each of the central gallium atoms of 3 has an
almost undistorted tetrahedral surrounding formed by the
two Ga;R; moieties.”

Outlook

Although the relatively strong C—C bonds, for example, of
hydrocarbons, and the resulting rigid rules for linkage form
the fundament of systematics in organic chemistry, the heav-
ier main group elements allow for a greater variety of bond-
ing variation because of the decreased bond strength. This
variability of bond modi caused by multiple factors (e.g., the
steric or electronic properties of the ligands, reaction condi-
tions in the element—element bond formation) is expressed
not only in the three Gag compounds described herein, but
also in many recent studies of cluster compounds of
group 14 elements. In particular, subvalent compounds with
formal oxidation numbers between +1 and O shall be
stressed here, for example, [SisR,], [GesRg], [GegR,],
[SisRq], [GesRe], [SnsRi], [GeoR;], [SnyR;], [GeyRel,
[Pb,R¢], [PbiR4], and [Sn;sR¢].! Already these few exam-
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ples have opened up a completely new area in the chemistry
of the heavier main group elements in which compounds
with unexpected, unforeseeable properties will be found be-
cause the possible variations of different bonding modi (e.g.,
localized and delocalized bonds with overall weak element—
element interactions) will lead to a change in topology as
well as electron and bond structures and therefore to com-
pounds with different functionalities.

Experimental Section

The preparation of the metastable solutions of GaCl (toluene/diethyl
ether) has been described elsewhere*ILiPiPr,, LiPtBu,, and LiN-
(SiMe;)Dipp were prepared according to literature methods.***"!

In the three reactions described herein, the primary synthetic aim,
namely the isolation of metastable Ga, clusters as a product of dispropor-
tionation, could not be achieved. Up to now, only the presented byprod-
ucts 5, 6, and 7 could be obtained, which form as oxidized species (Ga' to
Ga') in the disproportionation of Ga'. Optimization of the synthetic re-
action conditions for 5, 6, and 7, each of which could be reproduced re-
peatedly, though only as by-products in yields of between 5 and 20 %,
was not performed. Their crystals proved to be insoluble after precipita-
tion so no NMR data can be given for the pure products. Mass spectro-
metric studies were performed but led to severe fragmentation even if
mild ESI methods were used.

[Gag{P(iPr),}sCL,] (5): A 0.32M GacCl solution (8 mL, 2.56 mmol) in tolu-
ene/diethyl ether (4:1) was added to LiPiPr, (324 mg, 2.61 mmol) in tolu-
ene (20 mL) at —78°C. The suspension was slowly warmed to ambient
temperature over 6 h. During the process, the solution darkened signifi-
cantly at around —10°C. After the mixture had been stirred for 24 h at
ambient temperature, a deep black solution and a black residue were ob-
tained. After removal of the solvent in vacuo the residue was extracted
with pentane (10 mL). After concentrating the solvent 5 precipitated in
the form of yellow plate-like crystals after several days at +7°C.

[Gag{P(rBu),};Cl,] (6): A 0.32m GacCl solution (31.25 mL, 10 mmol) in
toluene/diethyl ether (4:1) was warmed from —60 to —20°C over 4 h.
LiPrBu, (1.71 g, 11 mmol) was dissolved in a mixture of toluene (50 mL)
and THF (10 mL) at ambient temperature. A portion of the ligand solu-
tion (30 mL) was added to the GaCl solution at —20°C, and the remain-
ing 30 mL was added at 0°C. Afterwards the reaction mixture was kept
at 0°C for 10 h. The filtrate was heated at 60°C for 4 h and the solvent
removed in vacuo. From the pentane extract of the residue compound 6
precipitated as red platelike crystals in addition to the compound [Ga-
(PtBu,),o]"" over several weeks at +7°C.
[Gas{(R),(R)4(R"),OL}][Li(Et,0),] ~ (7):  LiN(SiMe;)Dipp (g,
3.96 mmol) was suspended in pentane (20 mL) and the mixture cooled to
—30°C. In another flask a 0.12m GaCl solution (15 mL) in toluene/Et,O
(3:1) was slowly warmed from —78 to —30°C and added to the ligand
suspension through a stainless steel cannula. Retrospectively the GaCl
solution proved to be significantly less concentrated than assumed, so an
approximately twofold excess of ligand was used in the reaction. This
mixture was warmed to ambient temperature over 12 h and then stirred
for 24 h. An orange-brown solution with a colorless residue was obtained.
The filtrate was kept in a Schlenk flask at +45°C for a further 24 h.
After slowly cooling to ambient temperature, orange-brown needles of 7
crystallized.

DFT calculations: The theoretical investigations described herein were
based on quantum chemical calculations on simplified model systems
using the TURBOMOLE software package.’!! Density functional cal-
culations were performed using the RI-DFT module (BP86 functional,
SVP basis sets).
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