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Methylene Bis(diaminoalanes)

Substitution of the Cl atoms of CH2(AlCl2)2 by
2,2,6,6-tetramethylpiperidino or bis(trimethylsilyl)-
amino groups leads to monomeric methylene
bis(diaminoalanes). These show a wide AlÐCÐAl
bond angle as determined by X-ray crystallogra-
phy and asymmetrically bonded amino groups in
the piperidino derivative.

Introduction

Methylene bis(dichloroalane), Cl2AlÐCH2Ð
AlCl2 (1) [1] is an efficient reagent for preparing
dimetalloidal methanes. Examples are diboryl-
methanes (X2B)2CH2 (X = Cl, Me) [2] or diphos-
phanyl-methanes (R2P)2CH2 [3]. Surprisingly, the
structure of 1 is not yet known. Its low solubility in
hydrocarbons, methylene dichloride or chloroform
suggests that it is not monomeric in solution and
indeed, its molecular weight indicates a trimer for
the solution state [1]. Of course, tricoordinated Al
atoms for 1 are unlikely considering its Lewis
acidic AlCl2 centres, and tetra- or even pentacoor-
dinated Al atoms may be present in 1. However,
spectroscopic data are not conclusive, and all our
attempts to obtain single crystals of 1 in order to
determine its structure in the solid state failed so
far. Introduction of bulky organyl groups at the
Al atoms of 1 results in monomeric compounds as
exemplified by {[(Me3Si)2CH]2Al}2CH2 [4].

Synthesis and Spectra

We expected that the introduction of sufficiently
bulky amino groups into 1 is a possibility to arrive
at monomeric methylene bis(diaminoalanes),
which are unknown to date. These might be more
soluble allowing the growth of single crystals. In-
deed, the synthesis of 2a, b by reacting 1 with the
corresponding lithium or sodium amides according
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to eq. (1) and (2) is straightforward. Yields are
better than 60%, and single crystals were obtained
from hexane solutions.

Both compounds are fairly soluble in hydrocar-
bon solvents. They show 27Al resonances at 130
and 105 ppm, respectively, as broad signals, and
the line widths suggests the presence of tricoordi-
nated Al atoms in these compounds. There is only
a single signal in the 1H and 13C NMR spectra of
2a for the methyl groups in the 2,2,6,6-positions of
the piperidino substituent and two signals each for
the three CH2 groups of this ring. So, the methyl
groups are chemically and magnetically equivalent
and there are also only two types of CH2 groups
for the ring suggesting free rotation of the tetra-
methylpiperidino (tmp) groups about the AlÐN
bonds, and dynamic behaviour for the ring confor-
mation. The 13C signals of the Al bonded methy-
lene group could be detected for 2a but not the
proton signals for this group. In contrast, all the
expected NMR signals were found for 2b. A 27Si
NMR signal appeared at Ð1.2 ppm. for 2b. This
suggests also, that there is free rotation about the
AlÐN and AlÐC bonds at ambient temperature.
All NMR data are compatible with a monomeric
nature of these compounds in solution.

Crystal and Molecular Structures

Single crystals of compounds 2a, 2b crystallize
both in the monoclinic space group C2/c. The unit
cell of 2a contains 4, the unit cell of 2b 8 molecules.
C2 point group symmetry is found for 2a because
the methylene carbon atom sits on a crystallo-
graphic twofold axis. Figures 1 and 2 depict the
molecular structures of the two compounds which
are monomeric in the solid state with Al atoms
that are surrounded in a plane by three substitu-
ents each. Relevant structural data are summa-
rized in Table 1. It should be noted that the
CÐAlÐN bond angles for the amino groups have
one larger and one smaller angle (see Table 1).
The group is, therefore, asymmetrically oriented
with respect to the Al center. In this respect com-
pound 2b ist more symmetrical as its AlÐNÐSi
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Fig. 1. Molecular structure of 2a in ORTEP description.
Hydrogen atoms omitted for clarity.

Fig. 2: Molecular structure of 2b in ORTEP description.
Hydrogen atoms omitted.

bond angles are all close to 120∞. Nevertheless,
compound 2b exhibits no rotational or mirror
plane symmetry, and this is due to the different
interplanar angles SiÐNÐSi/NÐAlÐC which vary
from 50 to 75∞. On the other hand we note an
almost eclipsed orientation of the di(amino)alum-
ino groups as demonstrated by the NÐAl · · ·AlÐN
torsion angles of 2.2∞ for 2a, and 0.2∞ for 2b.
The tmp groups adopt a chair conformation with

(almost) planar geometry around the N atom. A
point of interest are the large AlÐCÐAl bond an-
gles with 135.9(4)∞ for 2a, and 136.9(4)∞ for 2b. But
both of these angles are slightly smaller than the
AlÐCÐAl bond angles in CH2{Al[CH(SiMe3)2]2}2
[4]. In all these cases this is certainly a steric effect
but supported by an electronic effect due to the

Table 1. Selected bond lengths (in Å) and bond angles
(in ∞) of compounds 2a and 2b.

2a 2b 2b

AlÐN N1 1.832(3) N1 1.824(4) N3 1.809(4)
N2 1.837(3) N2 1.811(4) N4 1.816(5)

AlÐC Al1 1.944(3) Al1 1.931(6) Al2 1.935(6)
NÐAlÐN Al1 124.6(1) Al1 119.3(2) Al2 120.4(2)
Al1ÐN1ÐC C2 126.6 Si1 121.9(2) Si3 118.7(2)
Al1ÐN1ÐSi C6 116.6(1) Si2 120.6(2) Si4 121.8(2)
Al1ÐN1ÐC C11 118.8(1) Si5 117.6(2) Si7 120.3(2)

C15 125.8(1) Si6 120.8(2) Si8 118.2(2)
AlÐCÐAl 135.6(4) 136.9(3)
<N N1 359.2 N1 359.2 N3 360.0

N2 359.8 N2 359.7 N4 358.6
<A1 Al1 359.8 Al1 359.7 Al2 359.1

high bond polarity as a result of the large electro-
negativity difference between Al and N which
places a fairly large positive charge on the Al
atom. This was already suggested for compound
CH2{Al[CH(SiMe3)2]2}2 [4] although the bond po-
larity in this compound should be smaller than in
the amino derivatives.

Discussion

While the synthesis of 2a,b proceeded as ex-
pected the chemical shifts 27Al of these com-
pounds are unusual in the sense that the Al nuclei
are better shielded than in compounds tmp2AlÐR
(R = Bu, Ph) by 23 and 34 ppm, respectively [4],
and even larger is the gain in shielding (43 ppm)
compared with tmp2AlMe [5]. This is supported
by a broad 13C NMR signal at 6 ppm for 2b
for the methylene carbon atom which is found
at lower field that those observed for
CH2{Al[CH(SiMe3)2]2}2 [4] or CH2(AlClR�2)2 [6],
but closer to those found in the anion
[R�2AlÐCH2ÐAlR�2(ÐON O)]Ð (13C = 5.0, 5.1) [7].
For both molecules 2a,b the AlÐN bond can be con-
sidered to be slightly different, and on average
slightly shorter in 2b than in 2a. This is in conso-
nance with calculations on a number of tmp2AlX
compounds which demonstrate that the AlÐN bond
length is a function of AlÐX bond polarity. When
we replace a proton of the methyl group in
tmp2AlMe by a tmp2Al group we can expect that
the methylene carbon atom gets a higher negative
charge as compared to tmp2AlMe. This would also
comply with the better shielding of the Al nuclei in
2a,b. Moreover, this should lengthen the AlÐN
bond of 2a e.g. as compared to the AlÐN bond in
tmp2AlPh (1.826 Å) [5]. A better compound for
comparison would of course be tmp2AlMe but its



832 Notizen

structural parameters are not yet known. The
AlÐC bonds in 2a,b correspond well with those
found for CH2{Al[CH(SiMe3)2]2}2 (1.938 Å) [4] as
do the AlÐCÐAl bond angles (137.5∞) [4].

Experimental Section

All experiments were carried out under argon
using the Schlenk technique. Cl2AlÐCH2ÐAlCl2
was prepared according to the literature [1] as was
tmp2AlCl [5]. NMR: Jeol EX 400, standards:
SiMe4, 1 M aqueous Al(NO3)2 solution (external).
X-ray: Siemens P4 diffractometer equipped with
a LT2 device and a CCD area detector; MoÐKα-
radiation, graphite monochromator.

Methylene bis(di-2,2,6,6-tetramethylpiperidino-
alane) (2a)

To tetramethylpiperidine (1.16 g, 8.2 mmol) is
added with stirring at ambient temperature a
1.56 M solution of butyl lithium, in hexane (5.5 ml,
8.3 mmol). After heating to reflux for 1 h and
cooling to room temperature a suspension of bis(-
dichloroaluminium)methane (0.42 g, 2.0 mmol) in
hexane (25 ml) is added. The suspension is kept
under reflux for 5 h. Insoluble material is then re-

Compound 2a 2b

Chem. formula C37H74Al2N4 C25H74Al2N4Si8
Form. wght. 628.96 709.56
Cryst. size [mm] 0.05 ¥ 0.1 ¥ 0.2 0.1 ¥ 0.2 ¥ 0.3
Cryst. system monoclinic monoclinic
Space group C2/c C2/c
a 21.444(2) 46.911(2)[Å]
b 7.8175(5) 8.9304(5)[Å]
c 25.683(2) 24.688(1)[Å]
� 114.30(1) 117.935(1)[∞]
V 3923.9(5) 9137.7(8)[Å3]
Z 4 8
ρ(calcd.) [Mg/m3] 1.065 1.032
µ [mmÐ1] 0.103 0.293
F(000) 1400 3120
Index range Ð26 � h � 26 Ð52 � h � 44

Ð9 � k � 9 Ð9 � k � 9
Ð33 � l � 33 Ð26 � l � 26

2θ [∞] 58.18 46.50
Temp. [K] 193 193
Refl. collected 10938 18819
Refl. unique 4029 5410
Refl. observed (4σ) 2011 4542
R (int.) 0.0850 0.0415
No. variables 207 384
Weighting schemea x/y 0.0000/10.7319 0.0736/56.4864
GOOF 1.256 1.066
Final � (4σ) 0.0802 0.0720
Final wR2 0.1289 0.1722
Larg. res. peak [e/Å3] 0.229 0.895

Table 2. Data relating to crystallography, data
collection and refinement of the structures.

a wÐ1 = σ2F2
o + (xP)2 + yP; P = (F2

o + 2F2
c)/3.

moved by filtration (0.34 g). The filtrate is kept
at Ð20 ∞C. Within a few weeks needles of 2a sepa-
rate. Yield: 0.93 g (74%).

1H-NMR (C6D6, 400 MHz): δ = 1.29 (t, 16 H;
CH2); 1.38 (s, 48 H, Me); 1.57 (m, 8 H, CH2). Ð
13C-NMR (C6D6, 100 MHz): δ = 5.5; 18.3; 34.2;
39.8; 52.2.Ð 27Al (C6D6, 70 MHz); δ = 130 (∆H1/2 =
11,000 Hz). Ð C37H74Al2N4 (628.99): calcd.
C 70.65, H 11.86, N 8.91, Al 8.58; found C 69.99,
H 11.50, N 8.72, Al 8.50.

Methylene bis[bis(trimethylsilylamino)alane] (2b)

To a stirred suspension of CH2(AlCl2)2 (2.09 g,
10.0 mmol) is added a solution of NaN(SiMe3)2
(7.26 g, 39.6 mmol) in toluene (30 ml). After heat-
ing the mixture for 4 h at reflux all volatile compo-
nents are removed in vacuo. 50 ml of hexane are
then added to the residue, and after stirring for
2 h the insoluble material is removed by filtration
(2.3 g of NaCl). Colorless crystals separate from
the filtrate kept at Ð20 ∞C within a few days. Yield:
4.3 g (61%).

1H-NMR (C6D6, 400 MHz): δ = Ð0.67 (s, 2 H;
CH2); 0.35 (s, 72 H, SiMe3). Ð 13C-NMR (C6D6,
100 MHz): δ = 5.1; 6.0. Ð 27Al (C6D6, 70 MHz);
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δ = 105 (∆H1/2 = 13,000 Hz). Ð 29Si (C6D6,
50 MHz); δ = Ð1.2 C24H74Al2N4Si8 (709.54): calcd.
C 42.32, H 10.51, N 7.90, Al 7.61; found C 41.68,
H 10.32, N 7.56, Al 7.70.

X-ray structure determinations

Single crystals were covered with perfluoroether
oil and mounted on the tip of a glass fibre. Data
were collected in the hemisphere mode imple-
mented in the program SMART [8] at Ð80 ∞C.
Data reduction was performed with the program
SAINT [8]. Absorption correction was applied to
the data with the program SADABS [9]. The
SHELXTL and SHELX97 [10] programs were
used for structure solution and refinement. All
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non hydrogen atoms were refined anisotropically,
and the hydrogen atoms were included in the final
refinement as a riding model on placing them on
calculated positions. Most of the hydrogen posi-
tions could be detected on the difference Fourier
map after anisotropic refinement of the heavy
atoms. Table 2 contains relevant data to crystallog-
raphy, data collection and refinement. Additional
crystallographic data for the structures are depo-
sited with the Cambridge Crystallographic Data
Center as supplementary publications nor. CCC-
180995 (1b) and -180996 (2b), and can be obtained
free of charge on application to CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK.
[Fax: (intern.) +44-1223/336033.
E-Mail: deposit@ccdc.cam.as.uk]
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