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The reaction of /V,/V-di('butyl)-ethane- 1,2-diamine with NaH followed by anhydrous GaCl3
(molar ratios 1:2 :1) gives mainly an insoluble bis(diamido)gallium chloride together with a low
yield (28%) of a soluble monocyclic dichlorogallium-[2-('butylamino)-ethyl-('butyl)amide],
ChGaCBuNH-CHaCHi-N'Bu) 1, the structure of which has been determined. Metallation of the
same diamine with 'butyl-lithium and GaCb (1:2:1) gave small quantities of the corresponding
dinuclear, bicyclic gallium(II) compound 2, [('BuNH-CH2CH2-N'Bu)GaCl]2 with a Ga-Ga
single bond connecting the two units, as again shown by a single crystal X-ray diffraction
analysis.

Introduction

Results and Discussion

In the course o f our current investigations in the
chem istry o f low -valent and low -coordinate gallium
w e have b ecom e interested particularly in heterocy
cles w ith the m etal atom in a bridge position b e
tw een nitrogen atom s (A , B). The corresponding
anions (C , D) are analogues o f cy c lic carbenes o f
the W anzlick-A rduengo type w hich have been the
subject o f recent preparative and structural studies
in several laboratories [1 - 5].

Our ow n synthetic and structural studies w ere
successful w ith the unsaturated type o f h eterocyclic
anions (C), w hich appears to be stabilized by the
quasi-arom aticity o f their 6 ir electron system [6 ,7 ] .
The corresponding saturated anions (D) have not yet
been prepared. A program w as therefore initiated
oriented at the synthesis o f suitable precursors for
these target m olecules. The present paper is a report
o f our recent work in this area.
The literature has only a few entries o f c y c lic di
am ides o f gallium w hich w ere obtained fo llo w in g
conventional m ethods o f synthesis starting from g al
lium halides and alkali am ides [8 - 11] or by dihydrogallation o f diazabutadiens w ith G aH3 [ 12, 13].
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For the preparation o f a m o n o cy clic gallium (III)
bis-am ide N v/V1-di('butyl)-ethane- 1,2 -diam ine was
chosen as the difunctional com ponent. The 'butylsubstituted diam ine was m etallated using tw o eq u iv
alents o f sodium hydride in tetrahydrofuran and the
reaction mixture containing the m etallation prod
uct subsequently reacted w ith equim olar quantities
o f gallium trichloride. A fter separation o f in so l
uble precipitates a colourless crystalline product
could be isolated from the clear solution. It was
identified as dichlorogallium (III)-[2-('butylam ino)-
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ethyl-('butyl)amide], 1 (28% yield). The analytical
and spectroscopic data and the single crystal X-ray
diffraction study showed consistently that the metallation of the diamine was incomplete. It appears
that only the mono-deprotonated amine gives a sol
uble product, while insoluble material is produced
from the bis-metallated amine.
'Bu-NH-CH2CH2-NH-'Bu

GaCl3

(1)

(rBu-NH-CH2CH2-N-'Bu)GaCl2 (1)

According to mass spectrometry results compound
1 is a monomer in solution and in the gas phase. In
THF-dg solution the two 'butyl groups and the two
methylene groups are inequivalent and give rise to
separate *H and 13C resonances (at 25 °C). A broad
singlet signal is observed for an NH proton.
The insoluble products were not investigated any
further because of severe problems with the separa
tion from sodium chloride or its adducts. Treatment
of 1 with NaH or with an amine base also lead only
to insoluble products.
In an attempt to establish conditions where simi
lar complications are not to be expected, the r e t a l 
iation of the 'Bu-NH-CI-bCI-b-NITBu was carried
out with two equivalents of 'butyl-lithium in hydro
carbon solvents (pentane, hexane). The subsequent
reaction with GaCl 3 in tetrahydrofuran employing
the same stoichiometry as with the NaH metallation
gave yet another unexpected result: While the main
products were insoluble and could not be further
characterized, small amounts of a yellow soluble
compound were isolated by extraction with hexane
and identified as a dinuclear gallium(II) compound.
This compound (2) is the reduced form of the monocyclic product 1 obtained in the NaH/GaCl3 reaction
(above).
2 'Bu-NH-CH2CH2-NH-'Bu

2 GaCl3

(2)

[('Bu-NH-CH2CH2-N-'Bu)GaCl]2 (2)

Compound 2 shows the molecular ion in the mass
spectrum (Cl) at m/e = 554 in high intensity (21%),
followed by fragments generated in the loss of one
and two molecules of HC1 [m/z = 518 (100%) and
482(7%), each for 71 Ga and 37C1].
The 1H NM R spectrum of solutions of 2 in benzene-dö has a broad singlet resonance of NH pro
tons, a multiplet of the four ethane protons and
two distinct singlet resonances of equal intensi
ties of the methyl groups. The 13 C {]H} spectrum

Fig. 1. Molecular structure of compound 1 (ORTEP draw
ing with 50% probability ellipsoids; C//-atoms omitted
for clarity). Selected bond lengths [A] and angles [°]: GaN1 2.019(2), Ga-N2 1.842(2), Ga-Cll 2.214(1), Ga-C12
2.172(1); Nl-G a-N 2 90.51(1), Cll-Ga-C12 106.96(3),
N1-C1-C2-N2 50.9(3).

has two singlet resonances of equal intensity for
methylene, methyl and quaternary carbon atoms.
These results suggest that the ligand is present in
its unsymmetrical, mono-protonated form [rBu-NHCH 2CH 2 -N -'B u]-.
Crystal Structures
Crystals of the monocyclic complex 1 are mono
clinic, space group P2i/n, with Z = 4 molecules in
the unit cell (at 123 K). The molecules have no crys
tallographically imposed symmetry, but the overall
geometry approaches quite closely the requirements
of a twofold axis passing through the gallium atom
and through the middle of the ethane unit (Fig. 1).
The five-membered ring is in a twist form with the
ethane hydrogen atoms in a staggered conforma
tion. The two nitrogen atoms are clearly inequiva
lent in that they differ significantly in their Ga-N
bond lengths and in the sum of their valence an
gles (excluding the hydrogen atom at N l): Ga-Nl
2.019(2), Ga-N2 1.842(2) A; N l 342.7°, N2 351.4°.
The position of the hydrogen atom attached to N 1
was verified in the refinement.
The packing of the molecules in the crystal of 1
leads to dimers with two short N l-H - -C ll contacts
[N l-H 0.766, C11--H 2.699, N1---C11 3.427 A;
N l-H --C ll 159.6°] which may be referred to as
weak hydrogen bonds (Fig. 2). All other intermolecular distances are much longer.
Crystals of the bicyclic gallium(II) complex 2
are also monoclinic, space group C2/c, with Z = 8
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Fig. 4. Packing of the molecules in the crystal of com
pound 2 (C//-atoms omitted for clarity). Selected bond
lengths [A] and angles [°]: N l-H l 0.93(4), C11--H 2.589;
N1-H--C11 149.5.

Fig. 2. Packing of the molecules in the crystal of com
pound 1 (C//-atoms omitted for clarity). Selected bond
lengths [A] and angles [°]: N l-H 0.766, C11--H 2.699,
N1--C11 3.427; N1-H--C11 159.6.

in the sum of the valence angles [NI 343.4, N2
350.8°]. The presence of a hydrogen atom was verfied for N I. It is engaged in hydrogen bonding
with a neighbouring molecule in the lattice: N lH l 0.93(4), C l--H I 2.589 A, N1-H--C11 149.5°
(Fig. 4). The Ga-Cl bond length in 2 [2.296(1) A] is
very similar to those in compound 1 [2.214(1) and
2.172(1) A]. It generally appears that the bonding
in the two heterocycles of 2 is quite comparable to
that in 1. The substitution of a chlorine atom in 1 by
a gallium atom (in 2 ) causes very little changes in
the molecular skeleton.
Experimental Part

Fig. 3. Molecular structure of compound 2 (ORTEP draw
ing with 50% probability ellipsoids; CH-atoms omitted
for clarity). Selected bond lengths [A] and angles [°]: GaN1 2.103(2), Ga-N2 1.876(2), Ga-Cl 2.296(1), Ga-Ga*
2.448(1); N l-G a-N 2 86.8(1), Nl-Ga-Cl 93.0(1), N2-GaC1 110.7(1), Cl-Ga-Ga* 112.6(1), N1-C1-C2-N2 -53.3.

formula units in the unit cell. The assymetric unit
contains only one half of the molecule, because the
two halves are related by a twofold axis through
the middle of the Ga-Ga bond (Fig. 3). The Ga-Ga*
distance of 2.448(7) A is consistent with a standard
metal-metal single bond. The five-membered rings
have a twist conformation, and the nitrogen atoms
are non-equivalent with distances G a-N l 2.103(2)
and Ga-N2 1.876(2) A and a significant difference

All reactions were routinely carried out under
dry nitrogen or argon either in Schlenk vessels or
in a glove-box, respectively. Solvents were dried,
degassed and saturated with nitrogen, and all glass
ware was oven-dried and filled with nitrogen / argon.
Standard equipment was used throughout. All basic
chemicals were commercially available.
D ich lorogalliu m ( III)-[2-(' bu tylam in o )-eth yl('bu tyl)am ide] ( 1)

A^/V-Di-'butyl-ethane- 1,2-diamine (0.794 g, 4.61
mmol) is mixed with a suspension of NaH (0.22 g,
9.22 mmol) in tetrahydrofuran (10 ml) at -7 8 °C.
The mixture is, after allowing it to warm up to
25 °C, stirred for 18 h. While repeatedly cooling
the reaction vessel to -7 8 °C, a solution of anhy
drous GaCl3 (0.82 g, 4.61 mmol) in tetrahydrofu
ran ( 1 0 ml) is added, and the mixture is stirred for
additional 18 h at 25 °C. The colourless precipi
tate is removed by filtration and the volume of the
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Crystal data
Formula
Mr
Crystal system
Space group
a (A)
b (A)
c (A)

ß <°1

V (A 3)
(g cm-3 )
Z
F(000)
p(M o-K Q) (cm -1 )
Data collection
P c a lc

T (K)
Measured reflections
Unique reflections
Refls. used for refinement
Refinement
Refined parameters
Final R values [/ > 2<r(/)]
R \ [a]
wR2 [b]
(shift/error)max
Pfin(max/min) (eA - 3 )
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1

2

Table 1. Crystal data, data collection,
and structure refinement for compounds
1 and 2 .

CioH,3Cl2GaN2

C,oH23ClGaN2
276.484
monoclinic
C2/c
16.246(3)
14.625(3)
15.078(3)
111.05(3)
3343(1)
1.099
8
1160
17.82

ta] R = I(|I F 0 I - IFCI|) / ZIFol; [h]wR2 =
{ [ I w(F02 - Fc2)2] / 1 [w(F02)2] } 1/2; w =
1 / [<t2(F02) + (<a p f + b p ] -p = (F02 +
2Fc2)/3; a = 0.0454 (1), 0.0596 (2); b =
0.00 (1), 3.34 (2).

311.92
monoclinic
P2 ,/n
7.184(1)
17.661(1)
11.778(1)
97.33(1)
1482.1(3)
1.398
4
648
21.93

123
143
4041
4518
3200 [Aim = 0.0311] 4518
2512
3746
228

220

0.0361
0.0774
< 0.001
0.600/-1.099

0.0448
0.1081
< 0.001
0.717/—0.801

filtrate reduced to one half in a vacuum. After a
week colourless crystals are formed (0.41 g, 28%
yield). NM R (THF-d8, 25 °C), ]H: 6 1.19 (s, 9 H,
C(CH3)3), 1.40 (s, 9 H, C(C H 3)3), 2.69 - 3.17 (m,
4 H, CH2), 4.76 (b, 1 H, N H)\ ^ C ^ H } : 6 26.6 (s,
C(CH3)3), 29.3 (s, C(CH3)3), 42.1 (s, C-N), 44.2 (s,
C-N), 51.8 (s, CH2), 55.9 (s, CH2). MS (Cl) m/e 311
[(C10H 22N 2 )HGaCl2]+, 276 [(C10H 22N2)HGaCl]+,
241 [(C10H22N 2 )HGa]+.
(Ga-Ga)-Bis{chlorogallium(II)-[2-('butylamino)ethyl-(lbutyl)amide]} (2)

A solution of A^,A^-di-(lbutyl)-ethane-l,2-diamine (2.29 g, 13.3 mmol) in hexane (10 ml) is treated
with fbutyl-lithium (17.6 ml of a 15% pentane so
lution, 26.6 mmol) at 0 °C. After the mixture is al
lowed to warm to 25 °C and stirred for 18 h, the sol
vent is removed in a vacuum and the residue redis
solved in tetrahydrofuran (10 ml). This solution is
reacted with anhydrous GaCl3 (2.34 g, 13.3 mmol)
dissolved in tetrahydrofuran (10 ml) at -7 8 °C and
the resulting mixture is stirred for additional 48 h
at 25 °C, followed by evaporation of all volatiles in
a vacuum and extraction of the residue with hexane

(20 ml). The volume of the resulting hexane fil
trate is reduced to one half in a vacuum and in two
weeks time a few yellow single crystals are formed
(0.25 g, 1.5% yield). NMR (C6D6, 25 °C), 1H: 6
1.26 (s, 9 H, C(C H3)3), 1.40 (s, 9 H, C(CH3)3), 2.57
(b, 1 H, NH), 3.01 - 3.12 (m, 4 H, C //2); ^ C ^ H } :
6 28.8 (s, C(CH3)3), 30.8 (s, C(CH3)3), 45.3 (s, CN), 46.3 (s, C-N), 54.0 (s, CH2), 55.7 (s, CH2)MS (Cl) m/e 554 [{(CioH,2 N2)HGaCl}2]+, 518
[(C10H22N2)2HGa2Cl]+, 482 [{(C10H22N2)Ga}2]+.
Elemental analysis (C 2oH?6Cl2 GaN 4 + CöH^):
calcd. C 48.9, H 9.4, N 8.80; found C 47.21, H
9.07, N 8.81.
Crystal structure determination

Specimens of suitable quality and size of com
pounds 1 and 2 were mounted on the ends of quartz
fibers in F06206R oil and used for intensity data
collection on a Nonius DIP2020 (1) and a Non
ius CAD4 diffractometer (2), respectively, employ
ing graphite-monochromated M o-KQ radiation. The
structures were solved by a combination of direct
methods (SHELXS-97) and difference-Fourier syn
theses and refined by full matrix least-squares cal-
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culations on F 2 (SH E L X L -97). The thermal m otion
was treated anisotropically for all non-hydrogen
atoms. A ll hydrogen atom s w ere located and re
fined isotropically. The scattering contribution o f a
highly disordered solvent m olecu le in the crystals o f
com pound 2 w as taken into accont by m eans o f the
program SQ EEZE w hich is part o f the PLATON
suite o f programs: A . L. Spek, A cta Crystallogr.
A46, C -34 (1990).
Further inform ation on crystal data, data c o lle c 
tion and structure refinem ent are sum m arized in Ta
ble 1. Important interatom ic distances and angles
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