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Synthesis and Structures of Mononuclear and Dinuclear
Gallium Complexes with a-Diimine Ligands: Reduction of
Metal or Ligand?

Yanxia Zhao®*, Yanyan Liu®, Qian-Shu Li°, Ji-Hu Su®

Reduction of the dichloro gallium(lll) a-diimine complex [(L™)"GaCly] (1, L™ = [(2,6-iPr,CsH3)NC(Me)l,) by
different equivalents of sodium metal afforded the gallium complexes [(Lip')z_Ga"'(uz—CI)zNa(THF)4] (2) and
[(Na(THF)e)"*((L™)* Ga—Ga(L™)*)""] (3). Interestingly, in complex 2 a Na'Cl” ion pair is incorporated, while
compound 3 is an anionic digallium complex. Moreover, a cationic gallium complex with a tetrachlorogallium(lll)
counter anion, [(LGaCl,)" (GaCl,)7] (4), was accessed from the reaction of GaCl; with 0.5 equiv of ligand L®. In
contrast, reaction of GaCl; with the doubly reduced anion (Na,L*) of the smaller a-diimine ligands L™ ([(2,6-
Me,CsH3)NC(Me)l,) or L™ ([(2,6-Et,CeH3)NC(Me)],) yielded the Ga-Ga-bonded complexes [(L¥) ClGa"-Ga"CI(L¥)"]
(5) and [(LM)""ClGa"-Ga"cI(L™)™"] (6). Here L is the neutral a-diimine ligand, L*” represents the monoanion, and

L* is the dianionic form of the ligand. The complexes were characterized by X-ray diffraction and their electronic

structures were studied by DFT computations.

Introduction

There is much interest in metal-metal-bonded compounds
because of their novel structural and bonding features as well
as specific reactivities’. One effective method for synthesizing
such dimetallic species is reductive coupling of high-valent
metal complexes, which generally lower
(uncommon) formal oxidation state of the metal.’ In these

results in a

compounds the steric and electronic effects of the ligand play
a key role in the stabilization of the low-valent and low-
coordinate metal ions. The a-diimine agents are well-known
ligands for both main group and transition metals.? Moreover,
such ligands are redox “noninnocent” and can be singly or
doubly reduced to the monoanion and dianion, which have
proven to be able to stabilize metal ions in a variety of
oxidation states, thus leading to very interesting structures
and properties.4 Using N-aryl-substituted a-diimine ligands, we
have synthesized a series of dinuclear and mononuclear metal
complexes by reduction of the metal halide precursors with
alkali metals, from which interesting redox processes have
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been observed.’

In the present work, we studied a-diimine gallium
complexes. Organogallium compounds have been well
established, and a number of gallium complexes derived from
a-diimine ligands are known,6 including those with Ga-Ga
bonds.” Our goal is to study the effects of the noninnocence of
a-diimine ligands on the structure and bonding of gallium
complexes. In an effort to construct Ga-Ga-bonded
compounds by reductive coupling of the L GaCl, precursor
(with accompanying elimination of NacCl), surprisingly, in
compound 2 inclusion of the Na'Cl” ion pairs rather than
elimination of NaCl salt has occurred. The similar Ga—Ga-
bonded compound [(dpp-bian)Ga—Ga(dpp-bian)] was also
obtained by the reaction of GaCl; with reduced diimine
Iigands.7f Herein, we report experimental and theoretical
results of a series of gallium complexes, which display rich
oxidation states of both gallium and a-diimine ligands. These
include [(L™)* Ga"(1,-Cl),Na(THF),] (2), the anionic-cationic
complexes  [(Na(THF)g) *((L")* Ga—Ga(L™)*)"] (3) and
[(LGaCl,)"#(GaCl,)] (4), two Ga-Ga-bonded compounds, (LY
clGa"-Ga"cl(L™) 7] (5) and [(LV)*"CIGa"-Ga"CI(L™")*] (6).

Results and Discussion
Synthesis and structures of complexes 2 and 3.
The precursor [(L™) "GaCl,] (1)° was prepared by the reaction

of anhydrous GaCl; with [NaL™] (generated in situ from L™
and 1 equiv of sodium). Reduction of 1 with 1, 2, and 2.5 equiv
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of Na, respectively, led to the complexes 2, digallane,8 and 3
(Scheme 1; no product was isolated with 1.5 equiv of Na).

N THF
Ar—N’N-Ar /THF
. —'I o
ca Cl HF
2.5Na 2
Ar -

05 I Ga-=-G I Na(THF)g

\
Ar Ar 3 Ar = 2,6-iPr2C6H3

Scheme 1. Synthesis of complexes 2 and 3.

In these complexes, the monoanionic ligand in precursor 1 is
further reduced to the dianion, as indicated by the C-N
(1.430-1.435 A) and C-C (1.334-1.349 A) bond lengths of the
C,N, Correspondingly, the formal Ga"
unchanged in 2 but is reduced to the Ga(+1.5) oxidation state
in 3, respectively. The solid state structures of the complexes
were studied by X-ray crystal diffraction. Moreover, theoretical
studies were performed at the B3LYP/6-31g* level to get
deeper insights into their electronic structures.

[(L*)"Ga" (u2-Cl),Na(THF),] (2). Upon uptake of 1 equiv
of electrons, only the ligand (L™)°” in the precursor 1 was
reduced to the dianion, and the Ga'" center remained intact in
the mononuclear product [(L™)? Ga”'(pz Cl),Na(THF),] (2) (Fig.
1). Notably, an “extra” Cl” ion and a Na' cation are included in
the structure. The Ga atom sits in a tetrahedral environment
containing the two N atoms of one bidentate ligand and two
Cl” ions. The two Cl atoms act as bridges between the Ga and
Na atoms, and the sodium ion is further solvated by four THF
molecules, thus forming a distorted octahedral geometry
about the Na* ion.

A simplified model [(L’Ga(p,-Cl);Na(H,0)4] (2H, L' =
(PhNCH),), in which the 2,6-diisopropylphenyl groups were
replaced by phenyl, Me groups on the central C,;N, moiety by
H atoms, and THF by H,O molecules, was used for DFT
computations of complex 2 (Fig. S3 ESIT). The calculated Ga—Cl
bond lengths (2.266 and 2.315 A) are slightly longer than the
X-ray data (2.214(1) and 2.208(1) A) in 2. Nevertheless, natural
population analysis (NPA) shows a significant positive charge
(1.56) on the Ga atom. This value compares well with that of
1H (1.42), which features a formal oxidation state of +3 for Ga
(Table S2 ESIT). On the other hand, the L fragment
accumulates more negative partial charges, from —-0.46 (1H) to
-1.31 (2H), thus indicating the reduction of the radical
monoanionic a-diimine ligand into the dianion.

[(Na(THF)g)* o((L™)* Ga—Ga(L™)>)""] (3). Addition of 2.5-
fold Na to complex 1 in THF solution resulted in the one-
electron-reduced product [(Na(THF)e) (L") Ga—Ga(L™)*)"]
(3), which is composed of a [Na(THF)¢]" cation and a [LGaGal]™”
radical anion (Fig. 2). The main structural backbone of the
anionic part (Ga-Ga bond) is similar to that of the neutral
digallanes; however, due to their different oxidation states,

5 . .
backbone. ion is
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there are significant differences between them. In the anion
[(LP) Ga-Ga(L™)* 1" of 3, each gallium is three-
coordinate with two N atoms and the other Ga atom. The
coordination geometry deviates severely from trigonal planar
and can be described as “trigonal pyramidal” (the Ga atom is
out of the GaN, plane by 2.47 A). The Ga-N bond lengths of
the anion (av. 1.903 A) are somewhat shortened relative to
those of the neutral digallane (1.924 /°-\)8.

Radical anionic digallanes have been reported
previously.10 In complex 3, the Ga—-Ga distance (2.472(1) A) is
slightly longer than that in neutral digallane (2.455(1) A), and is
somewhat longer than those in the analogous anionic
digallanes, [(iPrsCgH,),Ga—Ga(iPrsCsH,),1"" (2.343(2) A)'® and
[{(Me;Si),CH},Ga-Ga{CH(SiMes),},]"™ (2.401(l) A).*®® However,
it is obviously shorter than the Ga=Ga double bond length in
digallene Ar'GaGaAr’ (2.6268(7) A, Ar = 2,6-(2,6-
iPr2C6H3)2C6H3).11 Notably, it has been shown that the Ga=Ga
double bonds can be significantly weaker than single bonds,
and the compounds can easily dissociate to monomers in
solution.™

ion

Fig. 1. Molecular structure of 2 (thermal ellipsoids are set at the 20% probability level;
H atoms are omitted and C atoms of THF are drawn as smaller spheres for clarity).
Selected bond lengths (A) and angles (°): C2-N1 1.430(4), C3-N2 1.415(4), C2-C3
1.336(5), Ga-N1 1.860(2), Ga-N2 1.857(3), Ga-Cl1 2.214(1), Ga-Cl2 2.208(1), Na-CI1
2.932(1), Na-Cl2 2.970(1); N1-Ga-N2 90.20(1), Cl1-Ga-Cl2 98.70(4), Cl1-Na-Cl2
69.29(4).

Fig. 2. Molecular structure of 3 (thermal ellipsoids are set at the 20% probability level;
iPr groups and H atoms are omitted for clarity). Selected bond lengths (A) and angles
(°): C2-N1 1.410(8), C3-N2 1.415(8), C2-C3 1.365(9), Gal-N1 1.889(5), Gal-N2
1.898(5), C30-N3 1.414(7), C31-N4 1.426(8), C30-C31 1.361(9), Ga2-N3 1.905(5),
Ga2-N4 1.923(5), Gal-Ga2 2.472(1); N1-Ga1l-N2 87.10(2), N3-Ga2-N4 87.20(2).

This journal is © The Royal Society of Chemistry 20xx
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Fig. 3. EPR spectrum of complex 3 in THF at room temperature (black: experimental;
red: simulated)

The EPR spectrum of compound 3 confirms its radical spin
density is centered around Ga-Ga radical character (Fig 3),
showing the expected paramagnetic signal similar to that
reported for metal complexes that contain a one-electron
Ga-Ga m-bond resulting from the overlap of two Ga 4p
orbitals.®® With respect to the isotopic Ga (60.1%) and Ga
(39.9%), the Ga-Ga is a complicated isotope composition of
69’69Ga, 8971Ga a, "1%9Ga and "*"Ga. For clarity, the 89%Ga and
Ga are used to in the EPR simulation. The hyperfine
constants are a(”N) = 5.3 G (four equivalent 14N), a(egGa) =
0.5G and a(nga) = 0.65 G (two equivalent Ga). A contaminant
signal of the ligand radical is overlapping therein with a(”N) =
a(lH) = 5.3 G (two equivalent 14N, and six equivalent 1H) (Fig.
S1 ESIT).

DFT computations were done for the Ga-Ga-bonded
compound 3 by using a simplified model [L’GaGaL’]" (3H) (Fig.
S3 ESIT). The optimized structure is very close to that obtained
from X-ray diffraction. The theoretical Ga-Ga distance (2.459 A)
compares with that for 3 (2.472(1)A). The Wiberg bond index
gives a Ga—Ga bond order of 0.84, which is marginally smaller
than that calculated for neutral digallane (0.90). Previous
calculations on a variety of model species with a Ga=Ga double
bond, including HGaGaH, MeGaGaMe and PhGaGaPh, pointed
to weak metal-metal bonding,13 which is consistent with
literature reports on related digallenes that show relatively
weak Ga-Ga bonding and a bond order significantly less than
unity.11 The natural charges on Ga (0.54 and 0.55) are much
smaller than that in 1H (1.42), 2H (1.56). Moreover, there is a
lot increase of the total negative charge on the a-diimine
ligand L, from -0.461 (1H) to —-1.010 (3H) (Table S2).

71,71

+

A GaCls Ar—N. N—Ar _
Ar—N  N—Ar —— Ga [GaCly]
4 -
2Na Cl ¢Cl
GaCly 4: Ar = 2,6-iPryCgHz
,?\r ,?‘r
Cl
05 (N\Gé—ea/NDI 5: Ar = 2,6-Et,CHs
: ’Tl/ o \,’\j 6: Ar = 2,6-Me,CgHs
Ar Ar
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Scheme 2. Synthesis of complexes 4—6.

Fig. 4. Molecular structure of 4 (thermal ellipsoids are set at the 20% probability level;
H atoms are omitted for clarity). Selected bond lengths (A) and angles (°): C2-N1
1.276(4), C3-N2 1.284(4), C2—C3 1.527(4), Gal-N1 1.990(2), Gal-N2 1.978(2), Gal—Cl1
2.1126(8)2.113(1), Gal-Cl2 2.1135(9)2.114(1), Ga2-Cl3 2.1920(8)2.192(1), Ga2-Cl4
2.1585(9)2.158(1), Ga2—Cl5 2.1632(9)2.163(1), Ga2—Cl6 2.1660(8)2.166(1); N1-Gal-N2
82.43(1), Cl1-Gal—Cl2 117.92(4).

Synthesis and structures of complexes 4—6.

[(LGaCl,)*e(GaCl,)] (4). The cationic gallium halide
complex 4 with a [GaCl,]” counter anion was obtained from
the reaction of a-diimine ligand L™ and 2 equiv of GaCl; (Fig. 4).
Similar compounds with [L’GaCl,]* cation and [GaCl,]”
are known for diimine, bisguanidine diphosphane and diarsane
ligands. ™ In the cationic part of 4, the C-C (1.527(4) A) and
C-N (1.276(4) and 1.284(4) A) bond distances of the central
C,N, core of a-diimine ligand are typical for the neutral form
of the Iigand.5 This is significantly different from the anionic
[LGaCl,]” complex in compound 2, which contains a relatively
stable dianion, (L*)%, in the enediamido (N-C=C-N) form.
Thus, despite the same Ga" center in both compounds, the
difference of the redox forms of the ligand leads to the overall
positive and negative charge of the complex in 2 and 4. As a
result, the Ga—-N bond distances in 4 (1.990(2) and 1.978(2) A)
are considerably longer than those in 2 (1.860(2) and 1.857(3)
A), which are typical N>Ga donor—acceptor bond distances.
The computed Ga-N (average 1.986 A) bond lengths in 4
compare well with the experimental values, with an average
bond order of 0.33 which is smaller than that in compound 2
(0.48). The N-Ga-N bond angle is more acute in 4 (82.43(1)9)
than in 2 (90.24(8)2), while the Cl1-Ga-CI2 angle (117.92(4)2)
is much larger than that in the latter (98.67(3)2).

(L") cGa"-Ga"cl(t™)™ ] (5) and [(LV) clGa"-
Ga"cl(LV®) ] (6). In an attempt to prepare the similar [LGaCl,]
precursors of the smaller ligands L and LM, the ligand was
treated with 1 equiv of Na (to generate the [Nal] salt) and
then reacted with GaCl,. Etye

anion

However, neither [(L") "GaCl,] nor
[(L®)*"Gacl,] (analogues of [(L*")"GaCl,], 1), was isolated. This
might be due to the smaller steric effect of these two ligands
that is unfavorable for the mononuclear complex. In contrast,

J. Name., 2013, 00, 1-3 | 3
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by direct reaction of GaCl; with the doubly reduced ligand
[Na,L] (generated from L and 2 equiv of Na), the Ga-Ga-
bonded complexes 5 and 6 were obtained.

Fig. 5. Molecular structure of 5 (thermal ellipsoids are set at the 20% probability level;
H atoms are omitted for clarity). Selected bond lengths (A) and angles (°): C2-N1
1.347(5), C3-N2 1.329(5), C2—C3 1.424(6), Ga-N1 1.956(3), Ga-N2 1.970(3), Ga—Ga’
2.444(1), Ga—-Cl 2.211(1), N1-Ga—N2 83.01(4), Ga’'-Ga—Cl 112.10(4). Symmetry code (’):
(—x, 2—y, —-2).

Fig. 6. Molecular structure of 6 (thermal ellipsoids are set at the 20% probability level;
H atoms are omitted for clarity). Selected bond lengths (A) and angles (°): C2-N1
1.344(5), C3-N2 1.351(5), C2-C3 1.412(6), Ga-N1 1.958(3), Ga-N2 1.948(3), Ga—Ga’
2.424(1), Ga—Cl 2.218(1), N1-Ga-N2 83.62(4), Ga’-Ga—Cl 111.91(4). Symmetry code (’):
(1-x, -y, 1-2).

From the viewpoint of the electrons acquired by 1 equiv
of L and GaCl;, it is interesting to compare the electronic
structures of complexes 2 and 5/6. In both cases two
equivalents of electrons were transferred to (L + GaCls), thus it
is possible to elucidate the noninnocence of the ligand and
metal ion, which might be competing during the reduction. As
mentioned above, in complex 2 the Ga remains the +3
oxidation state, while the ligand is reduced to dianion.
However, in 5 and 6, both the structural feature (the C-C and
C-N bond lengths of the C,N, backbone) the ligand is
monoanionic, and the metal center exists in the +2 oxidation
state. Considering the different synthetic routes for 2 and 5/6,
it appears that the singly reduced a-diimine ligand in precursor
1 [L""GaCl,] tends to be further reduced to dianion (in 2) in the
presence of Na, whereas the doubly reduced ligand [Na,lL]
could act as an electron donor and reduce the Ga" to Ga" (in5

4| J. Name., 2012, 00, 1-3

' jon cannot form the Ga—Ga bond but the

and 6). The Ga"
divalent Ga" ion can by using the electron gained from
reduction. These results clearly demonstrate the redox activity
of a-diimine ligands, which makes them promising ligands for
complexes with rich structures.

The two complexes (5, Fig. 5; and 6, Fig. 6) are
isostructural and are similar to the analogous diiodide and
dibromide Ga complexes with related a-diimines
(diazabutadienes, DAB), [((tBu-DAB)GaI)2]7b, [((Ar-DAB)Gal),],
and [((tBu-DAB)GaBr)Z].15 However, the dichloro analogues like
5 and 6 have not yet been reported before. Instead, a few
organogallium complexes with terminal coordinated chloride
ions have been obtained by using other supporting ligands
such as N-heterocyclic carbenes, 1-aza-allyl, or B-diketonate
Iigands.16 The symmetry-related gallium centers adopt a
distorted tetrahedral environment completed by one chelating
ligand, one terminal Cl atom, and a Ga—-Ga bond of 2.444(1)
and 2.424(1) A in 5 and 6, respectively, which are in the normal
range for Ga—Ga bond (2.391-2.576 A) in compounds of the
type [L,Ga,X,] (X = Cl, Br, 1).">***Y The mean Ga-N (1.963 A)
and Ga-Cl (2.211(1) A) bond lengths in 5 are comparable to
those in 6 (1.953 and 2.218(1) A), and so are the N-Ga-N
(83.01(4)° and 83.62(4)°) and Ga’-Ga-Cl (112.10(4)° and
111.91(4)°) angles. There are structural
differences between the two complexes. The dihedral angles
between the central C,N, moiety and the terminal aryl groups
in complex 5 (84.6° and 85.0°) are somewhat smaller than
those in 6 (88.4° and 88.5°), possibly due to the slightly smaller
steric repulsion of the methyl groups in 7 than the ethyl
analogue 5.

Complexes 5 and 6 contain the monoanionic a-diimine
ligands and are thus paramagnetic. Their 'H NMR spectra in
C¢Dg display no accurate signals in the region corresponding to
the ligand. Furthermore, the solid-state EPR spectrum of 5 (Fig.
S2 ESIT) shows the expected ligand-centered paramagnetic
signal at g = 2.004, which is consistent with related compounds
containing radical anionic diimineligands.!;d*g The large singlet—
triplet energy gap (AEsy = 13.98 and 14.24 kcal molfl)
calculated for 5 and 6 supports a triplet ground state. In the
DFT computations on 5 and 6 (Fig. S3 ESIT), the fully optimized
geometries reasonable agreement with the
experimental structures. Natural bond orbital (NBO) analysis of
5 and 6 showed that the Wiberg bond index (WBI) of the
Ga-Ga bond (0.79 and 0.80) is somewhat smaller than that in
compounds digallane (0.90).8 The a-diimine fragment

some minor

are in

accumulates negative partial charges of —1.08 (5) and -1.08 (6).

On the other hand, the NPA charge on the Ga atoms (1.08).
The DFT-predicted bond dissociation energy, E(Ga-Ga), of
87.29 kcal mol ™ for 5 is somewhat larger than that for 6 (70.11
kcal molfl).

Conclusions

Reduction of the gallium a-diimine complex [(L™)*"GaCl,] by sodium
metal, or reaction of GaCl; with the in situ generated dianion
[NazLEt/Me], occurred step-by-step with quantitative acquisition of
electrons to form the Ga'", Ga”, and Ga(+1.5) compounds 2-6. The

This journal is © The Royal Society of Chemistry 20xx
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electronic structures of the products were studied by DFT
computations. The results further demonstrated the noninnocence
of a-diimine ligands that can lead to very rich structures and
bonding modes. Further exploration of the reactivity of these
compounds towards small molecules is underway.

Experimental Section

General Procedures. All manipulations were carried out under an
inert atmosphere using Schlenk or dry box techniques. Diethyl ether
and tetrahydrofuran were dried by sodium/benzophenone and
distilled under argon prior to use. The a-diimine ligands were
prepared according to literature procedures.1 Anhydrous GaCl; was
purchased from Alfa Aesar. Benzene-dg was dried over Na/K alloy.
NMR spectra were recorded on a Mercury Plus-400 spectrometer in
benzene-ds. The EPR spectra of paramagnetic compounds 3 and 5
were recorded on a Bruker EMX-10/12 spectrometer at room
temperature. Elemental analyses were performed with an
Elementar VarioEL lll instrument.

Synthesis of [(L™)*"Ga"(u1,-Cl);,Na(THF),] (2): Sodium (0.06 g, 2.61

mmol) was added to a suspension of 1 (0.27 g, 0.5 mmol) in THF (30
mL).9 The mixture was stirred for 1 d at room temperature and
filtered. The filtrate was concentrated to about 5 mL and stored at
ca. —20 °C for several days to yield the product as yellow crystals
(0.24 g, 56%). M.p. 136 °C; "H NMR (400 MHz, C¢Dg, 25 °C, TMS): 6 =
1.03 (d, 24H, J = 7.2 Hz, CH(CHs),), 1.36 (THF), 1.60 (s, 6H, CCHs),
3.09 (m, 4H, CH(CH3),), 3.52 (THF), 6.96-7.11 ppm (m, 6H, m, p-
ArH); C NMR (100.6 MHz, CgDs, 25 °C, TMS): & = 15.2 (N-CCH3),
23.8 (CH(CH3),), 26.2 (CH(CH3),), 26.4 (CH(CHs),), 28.8 (THF), 68.4
(THF), 123.9 (m-C¢H3), 124.2 (p-C¢H3), 127.1 (0-CgHs), 143.4 (i-CgHs),
146.2 ppm (N-CCH3); elemental analysis caled (%) for
C44H7,Cl,GaN,NaO, (856.65): C, 61.69; H, 8.47; N, 3.27. Found: C,
61.88; H, 8.28; N, 3.06.

Synthesis of [(Na(THF)s) e((L™") Ga-Ga(L™)*)"] (3): Sodium
(0.058 g, 2.5 mmol) was added to a suspension of 1 (0.55 g, 1.0
mmol) in THF (30 mL). The resulting mixture was stirred for 1 d and
then filtered, and the filtrate was concentrated to about 5 mL and
stored at ca. —20 oC for several days to yield the product as dark red
crystals (0.456 g, 62%). EPR: g = 2.004; elemental analysis calcd (%)
for CgoH128Ga,N4NaOg (1404.29): C, 68.42; H, 9.19; N, 3.99. Found: C,
68.45; H, 8.96; N, 3.68.

Synthesis of [(LGaCl,)"*(GaCl,)] (4): GaCl; (0.18 g, 1.0 mmol) was
added to a toluene (30 mL) solution of a-diimine ligand L™ (0.20 g,
0.5 mmol) and the mixture was stirred for 2 d. The resulting mixture
was filtered, and the filtrate concentrated to about 5 mL and stored
at ca. =20 °C for several days to yield the product as red crystals
(0.297 g, 70%). 'H NMR (400 MHz, CsDs, 25 °C, TMS): 1.30 (m, 48H,
CH(CHs),), 2.00 (s, 12H, CCH3), 3.85 (m, 8H, CH(CH3)%2, 7.10-7.16 (m,
4H, p-ArH), 7.23 ppm (d, 8H, J = 7.2 Hz, m-ArH). “C NMR (100.6
MHz, C¢Dg, 25 °C, TMS): 6 = 15.9 (N-CCH3), 24.0 (CH(CHs),), 25.8
(CH(CH3),), 26.9 (CH(CH3),), 120.7 (p-CgH3), 122.8 (m-CgH3), 123.4
(0-CgH3), 147.0 (i-C¢Hs), 148.7 ppm (N-CCH3); elemental analysis
calcd (%) for C,gH4ClgGa,N,*C;Hg(848.89): C, 49.52; H, 5.70; N, 3.30.
Found: C, 49.05; H, 5.55; N, 5.80.

Synthesis of [(L™)""CIGa"-Ga"cI(L™)"7] (5): Sodium metal (0.023 g,
1.0 mmol) was added to a stirred suspension of L (0.17 g, 0.5
mmol) and GacCl; (0.09 g, 0.5 mmol) in THF (30 mL) and the mixture
was stirred for 24 h at room temperature. All volatiles were then
removed in vacuo, and the residue was extracted with toluene. The
extract was filtered, concentrated to about 5 mL, and stored at ca.
—20 °C for several days to yield dark red crystals (0.072 g, 32%). M.p
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180 °C; EPR (solid, 25 °C): g = 2.004; elemental analysis calcd (%) for
CyHs4Cl,Ga;N4 (907.38): C, 63.53; H, 7.11; N, 6.17. Found: C, 63.62;
H, 6.96; N, 6.24.

Synthesis of [(L")" ClGa"-Ga"cI(L™®)*] (6): Complex 6 was
prepared following a similar procedure to complex 5, by reduction
of the mixture of L™® (0.15 g, 0.5 mmol) and GaCl; (0.09 g, 0.5
mmol) with sodium metal (0.023 g, 1.0 mmol) in THF (30 mL). Dark-
red crystals were isolated (0.075 g, 38%). M.p. 175 °C; elemental
analysis calcd (%) for CsoHasCl,Ga,N, (795.16): C, 60.42; H, 6.08; N
7.05. found: C, 60.14;H, 6.28; N, 7.16.

X-ray crystal structure determination: Diffraction data for
complexes 2-6 were collected on a Bruker SMART APEX Il
diffractometer at room temperature (293K) with graphite-
monochromated Mo Ka radiation (A = 0.71073 A). An empirical
absorption correction using SADABS™ was applied for all data. The
structures were solved by direct methods using the SHELXS
program.20 All non-hydrogen atoms were refined anisotropically bx
full-matrix least-squares on F by the use of the program SHELXL.?
The hydrogen atoms bonded to carbon were included in idealized
geometric positions with thermal parameters equivalent to 1.2
times those of the atom to which they were attached.
Crystallographic data have been deposited to the Cambridge
Crystallographic Data Centre with reference numbers CCDC
697664(2), 1041744 (3), 1041745 (4), 998774 (5) and 998775 (6).

Density Functional Theory (DFT) Studies. The structure
optimization and NBO bonding analysis of the complexes have been
performed using the B3LYP method with the basis set 6-31G* by
the Gaussian 09 program.
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Complexes with a-Diimine Ligands: Reduction of Metal or Ligand?
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Graphical Abstract

A series of mononuclear and dinuclear gallium complexes with different oxidation states of the
ligand and metal were obtainted, and both monoanionic or dianionic ligand can be further reduced, in
which reduction of the radical monoanionica-diimine ligand into the dianion or of Ga (+3) into

lower oxidation state Ga (+2) or Ga (+1.5).
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