7® ROYAL SOCIETY
P OF CHEMISTRY

Dalton
Transactions

View Article Online

View Journal | View Issue

Multinuclear beryllium amide and imide

{ '.) Check for updates ‘
complexes: structure, properties and bondingf

Cite this: Dalton Trans., 2024, 53,
15551

Deniz F. Bekis, “& 1 Lewis R. Thomas-Hargreaves, i Sergei |. lvlev® and

Magnus R. Buchner @2 *

The beryllium amide and imide complexes [Be(HNMes),lz, [(py).Be(HNMes),], [Be(HNDipp),l», [Be(NPh,)
(n2-HNDipp)l; and [Be(NCPh,),ls have been prepared and characterised with NMR and IR spectroscopy as
well as single crystal X-ray diffraction. Analysis of the localised molecular orbitals (LMOs) and intrinsic
atomic orbital (IAO) atomic charges in the framework of the intrinsic bond orbital (IBO) localization
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method revealed a covalent bonding network consisting of 2-electron-2-centre and 2-electron-3-
centre ¢ bonds, in which one electron pair of the anionic N-donor ligands is involved. The electron
deficiency at the beryllium atoms is partially compensated through additional electron donation from the
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1 Introduction

The chemistry of low valent s-block and early p-block metals
has received a lot of attention in the last two decades.'™ Most
of these low valent compounds were isolated utilising N-donor
ligands.>® This is not the case, however, for the lightest group
2 metal, beryllium, of which low valent compounds have, with
one exception,” only been realised with C-donor ligands.'*"®
There are only few described reductions of N-donor complexes
of beryllium, which resulted in the formation of beryllates."”°
Considering the huge number of beryllium complexes with
N-donor ligands that have been recently published,**~* it can
be assumed that reduction attempts have been performed on
some of these systems but did not yield defined compounds.
Furthermore, no generally applicable reducing agent to obtain
low valent beryllium has been found yet, and each ligand
system requires special reduction conditions.'®*® Therefore, it
is evident that too little is known about the properties of beryl-
lium compounds to rationally select ligands and reducing
agents. For this reason we have been studying simple beryl-
lium halide complexes and organoberyllium compounds
extensively.*®™**
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Considering the abundance of N-donor complexes in main
group metal chemistry, it is no surprise that there are many
reports on heteroleptic organo beryllium amines, amides and
some imides of the types (RzN)BeX, (X = Cl, Br, 1),>**° [(R,N)
BeR'], >*° and [(R,C=N)BeR'],, respectively.®® However, there
are only few described homoleptic beryllium N-donor com-
pounds. To the best of our knowledge [Be(NH;),J*" (I,
Fig. 1)*>% and [Be(py)4]** ** are the only homoleptic beryllium
compounds in which the metal is only coordinated by amines.
In homoleptic beryllium amides, the coordination number of
the central atom varies. In [Be(N(SiMej3),),] (IT) the beryllium
atom is dicoordinated,”’° and the Be-N bond exhibits partial
double bond character.”® Similar bonding has also been
described in a beryllium imido complex.®® Reaction of BeCl,
with dialkyl amines and subsequent treatment with organo-
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Fig. 1 Structurally authenticated mono-, di- and trinuclear beryllium
complexes with N-donor ligands.*>~>*
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lithium compounds gives homoleptic [Be(NR,),];-3, which are
described as mono-, di- and trimeric in solution.®® [Be
(NiPrz)Z]l,Z is described to be isolatable as a mono- and a
dimeric isomer, however their reactivity with CS, is identical.®*
With a sterically demanding imide dinuclear [Be(N=C'Bu,),],
(1) was obtained and its structure and spectroscopic pro-
perties investigated,®** while utilisation of small dimethyl-
amide results in the formation of trinuclear [Be(NMe,),]; (IV).*?

Due to the large variety of the ligands in these homoleptic
amide and imide complexes, no clear trends concerning the
influence of electronic and steric properties of the ligands
onto the constitution of the respective beryllium complexes
can be derived. However, this knowledge is the first step for a
rational design of beryllium complexes with N-donor ligands.
Therefore, we prepared beryllium compounds with selected
amido and imido ligands, to investigate their electronic and
steric influence on the structure and spectroscopic properties
of the derived complexes.

2 Results and discussion

For the synthesis of the desired beryllium amides, direct
deprotonation of amines with beryllium organic compounds
was chosen. This approach had already been established by
Coates et al.’” Addition of 2,4,6-trimethylaniline (H,NMes) to a
benzene solution of BeEt, resulted in immediate gas evolution.
However, full conversion could only be achieved by heating the
reaction solution to 70 °C for 20 h. Even though this reaction
is quantitative according to NMR spectroscopy, homoleptic
beryllium amide [Be(HNMes),]; (1) could only be isolated in a
moderate yield of 64% (Fig. 2). 1 is well soluble in benzene
and crystals suitable for single crystals X-ray diffraction ana-
lysis could be obtained by slow solvent evaporation.

1 crystallises in the triclinic space group P1 (2) with two
formula units per unit cell. The trinuclear compound com-
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Fig. 2 Reaction of diethyl beryllium with 2,4,6-trimethylaniline
(H2NMes) or 2,6-diisopropylaniline (H,NDipp).
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prises one central beryllium atom, which is connected to two
terminal beryllium atoms via two p,-bridging amido nitrogen
atoms, each. The coordination sphere of the terminal beryl-
lium atoms is completed by an additional amido ligand. This
results in a linear trinuclear beryllium amide, in which the
central beryllium atom is tetra-coordinated while the terminal
beryllium atoms are only tri-coordinated, as depicted in Fig. 3.
This structural motif is known from [Be(NMe,),]s,>* [BePh,]; *°
and [Be(O,'Bu)];.®” The molecules of 1 are heavily disordered
in the crystal, which leads to a huge variation in bond lengths
and angles. The Be-Be-Be angle in 1 is with 170.8(4)-174.9(5)°
close to the one in [Be(O,’Bu)]; (175.5(2)°),%" slightly smaller
than in [Be(NMe,),]s (179.985°)>° and significantly larger than
in [BePh,]; (141.72(8)°)."° The Be---Be distance in 1 is with
2.247(11)-2.379(9) A comparable to [Be(NMe,),]; (2.300(9) A)*?
and [Be(0,'Bu)]; (2.2836(17) A),°® which is considerably above
the sum of the single bond covalent radii of beryllium
(1.02 A).°® It should be noted that the Be---Be separations in
[BePh,]; (2.033(2) & 2.047(2) A) are considerably shorter than
in 1.° The Be-N bonds to the central beryllium atom are with
1.756(3)-1.768(3) A longer than those of the terminal beryllium
atoms to the non-bridging amido ligands (1.540(11)-1.604(9)
A), while the atom separations of the terminal beryllium atoms
to the bridging nitrogen atoms are due to their huge variation
(1.482(13)-1.885(9) A) identical to the other Be-N bond lengths
in 1. These atomic separations compare well to those found in
[Be(NMe,),]; (Be2-N, 1.653(7) A, Be1/3-N1/6 1.573(11) A, Bel/
3-N, 1.785(4) A; labelling scheme in analogy to Fig. 3)>* and
are by tendency shorter than in related heteroleptic
compounds.®®” While the bridging nitrogen atoms are
pseudo-tetrahedrally coordinated, the terminal nitrogen atoms

Fig. 3 Solid state structure of 1. Ellipsoids are depicted at 70% prob-
ability at 100 K, while hydrogen atoms are shown isotropic with arbitrary
radii. Carbon bound hydrogen atoms are omitted and carbon atoms
shown as wire-frame for clarity. Selected bond lengths (A) and angles
(°): Be---Be 2.247(11)-2.379(9), Bel/3-N, 1.482(13)-1.885(9), Be2-N,
1.756(3)-1.768(3), Bel/3-N1/6 1.540(11)-1.604(9); Bel/3-N,—Be2 78.0
(4)-90.7(4), N,—Be2-N, 92.7(1)-118.6(2), N,—Bel/3-N, 94.9(4)-1015
(6), N1/6—-Bel/3—-N,, 111.1(8)-146.6(8), N1/6—Bel/3-Be2 162.8(9)-167.1
(7), Bel-Be2-Be3 170.8(4)-174.9(5), N1/6—Bel/3-N,—Be2 173.8(19)-
179.7(6); angle between Bel/3Ns planes: 89.2(2)-89.9(2)°.
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exhibit a planar coordination sphere. To evaluate this unex-
pected structural feature and to understand the bonding situ-
ation in 1, localised molecular orbital (LMO) and intrinsic
atomic orbital (IAO) atomic charge
performed.®®°

All structures of non-deprotonated ligands and complexes
were optimized at the DFT-PBE0/def2-TZVP level of theory, and
the resulting bond lengths and angles in the gas-phase are in
good agreement with the experimental results. Therefore, the
applied computational model can confidently be used for
bonding analysis. On the basis of the obtained Kohn-Sham
DFT wave functions, LMOs and IAO atomic charges were
obtained by using the intrinsic bond orbital (IBO) localization
method.®® The IAO atomic charges of the beryllium atoms in 1
are 1.48 to 1.51, while those at the nitrogen atoms range from
—0.96 to —1.03 (ESI Fig. S277). These charges are in line with
the electronegativity difference of the two bonding partners.
Comparison of the deprotonated ligand in 1 and free H,NMes
(ESI Fig. S28t) shows increased negative charge at the nitrogen
atoms in the deprotonated coordinated ligand, as would be
expected. While the charge at the carbon atom bound to the
nitrogen atom of the terminal amido ligands is not signifi-
cantly different to the one calculated for free H,NMes, this
carbon charge is significantly reduced in the bridging amido
ligands. Additionally, the charge of the bridging nitrogen
atoms is significantly more negative than in their terminal
counterparts. LMO analysis of 1 reveals two sets of bonds
between the terminal beryllium atoms and the non-bridging
nitrogen atoms as depicted in Fig. 4(a) and (b). The prior is a ¢
Be-N bond, which is slightly polarised towards the nitrogen
atom, which reflects the electronegativity difference between
the bonding partners. The latter is a n interaction, which is
mostly localised on the nitrogen atom and can be interpreted
as donation of the lone pair at nitrogen into the empty p
orbital of beryllium. This is supported by the fact that only
p-orbitals of beryllium and nitrogen are involved, while in the
o Be-N bond also considerable s-orbital contribution is
present (see ESI Table S31 for further details). This = inter-
action is also the cause for the planarisation at the terminal
nitrogen atoms. The interaction of the bridging nitrogen
atoms with the beryllium atoms consists of four very similar
2-electron-3-centre ¢ bonds, which contain significant s and p
orbital contributions from all bonding partners (Fig. 4c and
ESI Table S47). These bonds are polarised towards the nitrogen
atom, but less than in the terminal ¢ Be-N bonds. Also there
is significantly stronger polarisation towards the central beryl-
lium atom. Additionally there are two = type 2-electron-3-
centre bonds, which are highly polarised towards the nitrogen
atom as well as two further interactions of the terminal beryl-
lium atoms with one of the bridging nitrogen atoms, each
(Fig. 4d and ESI Table S51). These Be-N interactions are also
highly polarised towards nitrogen and are mainly composed of
one p atomic orbital of nitrogen. All N-C bonds in 1 are ¢
bonds and no indication for n delocalisation over the N-C
bond into the aryl systems was found (ESI Fig. S38 and
Table S61). While there is no N-C bond polarisation in the

analysis  was
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terminal amido ligands, in the bridging ligands these bonds
are slightly polarised towards nitrogen. In non-coordinated
H,NMes, the N-C bond is slightly more polarised towards the
nitrogen atom, and also shows no sign of n delocalisation (ESI
Fig. $39, S40 and Table S77).

One- and two-dimensional "H and '*C NMR experiments
show that the solid state structure of 1 is also retained in solu-
tion. However, two isomers with a ratio of roughly two-to-one
are present in solution. According to phase selective NOESY
experiments, 1 is dynamic in solution and not only the
expected exchange between inequivalent methyl and aryl
proton signals is observed, but also exchange between the
mesityl and NH groups of the two isomers. Interestingly the
latter exchange is more pronounced than exchange between
terminal and bridging amide units. The exchange between
terminal and bridging units is comparable to [BePh,]; ** and
is in contrast to [Be(O'Bu),);, which exhibits no dynamic
behaviour in solution.®® Due to the dynamic behaviour in solu-
tion, no °Be NMR signals of the tri-coordinated beryllium
nuclei could be observed. These signals are expected to be
broad due to the low symmetry around the quadrupolar °Be
nuclei’®”" and the dynamic behaviour of 1 broadens these
signals to an extent that they are not observable with the
applied NMR experiment. The “Be NMR signals of the central
beryllium atoms of the major and minor isomer are observed
at 6.6 ppm (wq,, = 7.0 Hz) and 5.3 ppm (w4, = 5.6 Hz), respect-
ively. These chemical shifts are in line with other beryllium
amido complexes”® and the line widths are indicative for tetra-
coordinated beryllium nuclei with high symmetry.”*

To evaluate the stability of 1 towards coordinating ligands, it
was dissolved in pyridine (py). This led to immediate formation
of [(py).Be(HNMes),] (2, Fig. 2) as evident from the 'H and *C
NMR spectra. This reaction is in line with similar reactions per-
formed with heteroleptic beryllium amides of the constitution
[(R,N)BeR'],”® as well as the formation of [(py),BePh,] from
[BePh,]; in pyridine.”* The *Be NMR signals of 2 are found at
8.1 (wy/, = 288.0 Hz) and 6.8 (w4, = 131.7 Hz) in C¢De and pyri-
dine-ds, respectively. These chemical shifts are typical for tetra-
coordinated pyridine adducts of beryllium.”* However, the
broad linewidths might indicate partial dissociation of one pyri-
dine ligand in solution. Slow solvent evaporation from a
benzene solution of 2 resulted in the formation of crystals suit-
able for single crystal X-ray diffraction analysis. 2 crystallises in
the monoclinic space group I2/a (15) with four formula units
per unit cell. The complex comprises a beryllium atom with a
pseudo-tetrahedral coordination sphere, coordinated by two
amido and two pyridine ligands as depicted in Fig. 5.

The Be-N bonds to the amido ligands in 2 are, with 1.6557
(14) A slightly longer than those to the non-bridging amides in
1. This would be expected due to the higher coordination
number at the beryllium atom in 2. The Be-N bonds to the pyr-
idine ligands are significantly longer at 1.8312(19) A, which is
in accordance with the dative nature of this bond. The respect-
ive Be-N bonds in [(py).BePh,] (1.800(3) A)"* are slightly
shorter, which might indicate that amides are better donor
ligands for beryllium than aryls. The N-Be-N angles in 2

Dalton Trans., 2024, 53,15551-15564 | 15553
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Fig. 4 Localized molecular orbitals (LMOs) showing the Be—N bonds of 1, with a contour value for the LMO isosurface of 0.05 a.u. Percentages
indicate the contribution of each atom to the LMO. The larger the percentage, the more polarized the bond. If the summation does not add up to
100%, then other atoms contribute less than 2% to the LMO. To distinguish between the two LMOs per picture one contribution is marked with an
asterisks, each. Be: green, N: blue, C: grey, H: white; red: positive phase, blue: negative phase.

deviate strongly from the ideal tetrahedron angle. This is In 2, the IAO atomic charge at beryllium is with 1.49 com-
caused by the significantly higher steric demand of the amido parable to those found in 1, while the charge at the amido
in comparison to the pyridine ligands. nitrogen is slightly less negative (—0.93, ESI Fig. S29%). The

15554 | Dalton Trans., 2024, 53, 15551-15564 This journal is © The Royal Society of Chemistry 2024
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Fig. 5 Solid state structure of 2. Ellipsoids are depicted at 70% prob-
ability at 100 K, while hydrogen atoms are shown isotropic with arbitrary
radii. Carbon bound hydrogen atoms are omitted and carbon atoms
shown as wire-frame for clarity. Selected bond lengths (A) and angles
(°): Be=N1 1.6557(14), Be—N2 1.8312(19); N1-Be—-N1' 131.5(1), N2-Be—
N2’ 98.4(1), N1-Be—N2 103.41(6)-107.75(6).

TAO atomic charge at the pyridine nitrogen atom is, with —0.35
significantly lower than in free pyridine (—0.28, ESI Fig. S307).
LMO analysis of 2 reveals two interactions between the amido
ligand and the beryllium atom. One is a 6 Be-N bond, which
is highly polarised towards the nitrogen atom (Fig. 6a and ESI
Table S8t) and is composed of s and p atomic orbital contri-
butions of both atoms. The second interaction (Fig. 6b) is even
more polarised towards nitrogen, and is almost exclusively
composed of p atomic orbitals, meaning it can be interpreted
as a slight donation of the lone pair at nitrogen towards beryl-
lium. Again, no n delocalisation into the aryl system of the
amido ligand was observed, and the N-C ¢ bond polarisation
is comparable to the bridging amido ligands in 1. The Be-N
bond to the pyridine ligands is of 6 symmetry (Fig. 6¢) and the
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bond polarisation is in between those found for the two Be-N
interactions with the amido ligand in 2.

In analogy to the reactivity of H,NMes, treatment of a
benzene solution of BeEt, with 2,6-diisopropylaniline
(H,NDipp) led to immediate gas evolution. But again, full con-
version was only achieved through heating to 70 °C for 20 h.
Even though this reaction is quantitative according to NMR
spectroscopy, homoleptic beryllium amide [Be(HNDipp),], (3)
could only be isolated in a moderate yield of 55% (Fig. 2). 3 is
well soluble in benzene and crystals suitable for single crystal
X-ray diffraction analysis could be obtained by slow solvent
evaporation. The complex crystallises in the monoclinic space
group P2/c (14) with two formula units per unit cell.
Dinuclear 3 comprises two beryllium atoms which are p,-
bridged by two amido nitrogen atoms (Fig. 7). Each beryllium
atom is additionally coordinated by a terminal amido ligand.
The Be---Be, Be-N2 and Be-N1 distances are, with 2.269(2),
1.6879(14)-1.7350(14) and 1.5567(14) A, respectively, compar-
able to 1. The two terminal amido ligands are tilted by approxi-
mately 20° out of the plane of the four-membered Be-N-het-
erocycle, which is presumably due to steric repulsion. While
the bridging nitrogen atoms of 3 are pseudo-tetrahedrally co-
ordinated, the terminal nitrogen atoms exhibit trigonal planar
coordination spheres. These coordination geometries are in
analogy to 1.

The solid state structure of 3 is retained in solution, as
evident from two signal sets of 2,6-diisopropylphenylamido
ligands in a one-to-one ratio in the '"H and "*C NMR spectra.
No indications of dynamic behaviour were observed in these
NMR experiments at ambient temperature. The Be NMR
chemical shift and linewidths of 3 are, with § = 12.2 ppm and
w1, = 281.6 Hz, in the typical range of tri-coordinated beryl-
lium amide complexes.”"”?

Fig. 6 Localized molecular orbitals (LMOs) showing the Be—N bonds of 2, with a contour value for the LMO isosurface of 0.05 a.u. Percentages
indicate the contribution of each atom to the LMO. The larger the percentage, the more polarized the bond. If the summation does not add up to
100%, then other atoms contribute less than 2% to the LMO. To distinguish between the two LMOs per picture one contribution is marked with an
asterisks, each. Be: green, N: blue, C: grey, H: white; red: positive phase, blue: negative phase.

This journal is © The Royal Society of Chemistry 2024
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Fig. 7 Solid state structure of 3. Ellipsoids are depicted at 70% prob-
ability at 100 K, while hydrogen atoms are shown isotropic with arbitrary
radii. Carbon bound hydrogen atoms are omitted and carbon atoms
shown as wire-frame for clarity. Selected bond lengths (A) and angles
(°): Be---Be 2.269(2), Be—N2/2' 1.6879(14)-1.7350(14), Be—N1 1.5567(14);
Be—N2-Be 83.05(7), N2-Be—-N2' 96.95(7), N2-Be-N1/1" 117.26(8) &
143.43(9), N1-Be—Be' 161.36(11), N1-Be—N2-Be 159.9(2) & 166.66(9),
N1-Be-Be'-N1'180.0(2).

In 3 the IAO atomic charges at the beryllium atoms are with
1.51 comparable to 1, which also applies for the charge at the
terminal nitrogen atoms of —0.95 (ESI Fig. S31%). The charge
at the bridging nitrogen atoms of 3 is with —1.01 comparable
to those found in 1. Just as in 1, the deprotonated ligands in 3
show increased negative charge at the nitrogen atoms in com-
parison to free H,NDipp (ESI Fig. S32%). The IAO atomic
charge at the nitrogen bound carbon atom of the terminal
amido ligand is not significantly different to free H,NDipp,
while this charge is slightly reduced in the bridging amido
ligand. Analogous to 1, LMO analysis of 3 gives a ¢ Be-N bond
to the terminal amido ligands (Fig. 8a), which is composed of
s and p orbitals of both atoms (ESI Table S11t) and is even
less polarized than in 1. While a = interaction between nitro-
gen and beryllium was found in 1, a 2-electron-3-centre =
bond is found in 3 (Fig. 8b), which is mostly localised on the
nitrogen atom and can be interpreted as donation of the lone
pair at nitrogen into the empty p orbital of beryllium as well as
into the aromatic n system. The bridging nitrogen atoms of 3
form two 2-electron-3-centre ¢ bonds with the beryllium
atoms, which are polarised towards nitrogen, as well as to one
of the beryllium atoms each (Fig. 8c). Two further interactions
of one of the beryllium atoms with one of the bridging nitro-
gen atoms, each are found (Fig. 8d and ESI Table S12}), which
are highly polarised towards nitrogen and are mainly com-
posed of one p atomic orbital of nitrogen. These bridging
interactions are comparable to the analogous bonds in 1.
Interestingly, two agostic interactions between beryllium and
the CH groups of two iso-propyl moieties were calculated
(Fig. 8e and ESI Table S13t). The N-C bonds in 3 are ¢ bonds
and, besides the above mentioned 2-electron-3-centre = bond,
no indication for further = delocalisation over the N-C bonds
into the aryl systems was found (ESI Fig. S42 and Table S147).
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The N-C bond polarisation in 3 and comparison of 3 to non
coordinated H,NDipp (ESI Fig. S43, S44 and Table S15t) gives
analogous results to 1.

To evaluate the influence of the nature of the amide ligands
more finely, a comparison between two different amido
ligands bound in the same complex was necessary. Therefore,
a benzene solution of [(NPh,)BePh],**®® was reacted with
H,NMes. After one hour of sonication, this gave heteroleptic
[Be(NPh,)(n,-HNDipp)], (4, Fig. 9) in quantitative yield, accord-
ing to NMR spectroscopy. The constitution of 4 in solution
could be derived from 'H and "*C NMR spectra, which show
one signal set for a diphenylamido and a 2,6-diisopropyl-
phenylamido ligand, each, and no sign for dynamic behaviour
at ambient temperature. The °Be NMR shift of 12.4 ppm and
line width of w,,, = 275.5 Hz are indicative for tri-coordinated
beryllium nuclei.”>”?

4 dissolves readily in benzene, and crystals suitable for
single crystal X-ray diffraction could be grown by slow evapor-
ation of this solvent. The compound crystallises in the mono-
clinic space group P24/c (14) with two formula units per unit
cell. Heteroleptic dinuclear 4 is composed of two beryllium
atoms, which are p,-bridged by the nitrogen atoms of two 2,6-
diisopropylphenylamido ligands as depicted in Fig. 10. Each
beryllium atom is additionally coordinated by one diphenyla-
mido ligand. The Be---Be distance is with 2.263(4) A identical
to the one in 3 but longer than in [(NPh,)BePh],.%> The Be-N2
and Be-N1 distances are with 1.705(2) & 1.706(2) and 1.574(2)
A, respectively, comparable to 1, 3 and [(NPh,)BePh],.®> Unlike
in 3, the two terminal amido ligands in 4 are only slightly
tilted (aprox. 7°) out of the plane of the four-membered Be-N-
heterocycle. The terminal nitrogen atoms of 4 exhibit trigonal
planar coordination spheres, while the bridging nitrogen
atoms are pseudo-tetrahedrally coordinated, like in 1 and 3.

The TAO atomic charges at the beryllium atoms of 4 are
with 1.50-1.51 identical to those found in 3 (ESI Fig. S337).
This also applies for the charges at the bridging nitrogen
atoms of the 2,6-diisopropylphenylamido ligands, with
—1.02-1.03. The charges at the nitrogen atoms of the dipheny-
lamido ligands are with —0.75-0.79 the least negative charges
found. Again, these charges are significantly more negative
than in free H,NDipp and HNPh, (ESI Fig. S34f) and the
charges at the nitrogen bound carbon atoms do not change
considerably. The charge at the nitrogen atoms of the dipheny-
lamido ligands in [(NPh,)BePh], is —0.86 (ESI Fig. S351) and,
therefore, slightly lower than in 4. This is presumably caused
by the bridging coordination mode in [(NPh,)BePh],. The
charge at the beryllium atom in [(NPh,)BePh], is with 1.45
slightly lower than in the other complexes, which might indi-
cate better donor properties of the phenylido ligand compared
to the amido ligands. The LMO analysis of 4 reveals essentially
the same bonding modes as in 3. However, the 2-electron-3-
centre ¢ bonds from the bridging nitrogen to the two beryl-
lium atoms are less polarised between the two beryllium
atoms and are more comparable to the bridging interactions
in 1. This is also the case for the other two interactions which
are mainly composed of p orbitals at the bridging nitrogen

This journal is © The Royal Society of Chemistry 2024
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Fig. 8 Localized molecular orbitals (LMOs) showing the Be—N bonds of 3, with a contour value for the LMO isosurface of 0.05 a.u. Percentages
indicate the contribution of each atom to the LMO. The larger the percentage, the more polarized the bond. If the summation does not add up to
100%, then other atoms contribute less than 2% to the LMO. To distinguish between the two LMOs per picture one contribution is marked with an
asterisks, each. Be: green, N: blue, C: grey, H: white; red: positive phase, blue: negative phase.
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\(@W/ Dipp,/‘ /H
NH Ph N Ph

/N\ 2 \ /N /
N Ph ‘N’ Ph

[(NPh,)BePh], °-6°

Fig. 9 Reaction of
(H2NDipp).

with 2,6-diisopropylaniline

Fig. 10 Solid state structure of 4. Ellipsoids are depicted at 70% prob-
ability at 100 K, while hydrogen atoms are shown isotropic with arbitrary
radii. Carbon bound hydrogen atoms are omitted and carbon atoms
shown as wire-frame for clarity. Selected bond lengths (A) and angles
(°): Be---Be 2.263(4), Be-N2/2" 1.705(2) & 1.706(2), Be—N1 1.574(2); Be—
N2-Be’ 83.1(1), N2—-Be—-N2' 96.9(1), N2—-Be-N1 125.2(1) & 137.9(1), N1-
Be—Be' 173.37(17), N1-Be—-N2-Be' 177.4(2) & 177.8(2), N1-Be—Be'-N1’
180.0(10).

atoms (ESI Fig. S45 and Table S16). While the Be-N ¢ bond to
the terminal diphenylamido ligands is essentially identical to
the respective one in 3, there is only one 2-electron-3-centre n
interaction on one side and some donation of the lone pair at
the nitrogen atoms into the p orbitals of the beryllium atoms
on the other side of the molecule (ESI Fig. S46 and
Table S177). The C-N bonds are exclusively of 6 symmetry in 4
and free HNPh, with no indication for n delocalisation into
the aromatic ring (ESI Fig. S47-S49 and Tables S18-S19%). In
[(NPh,)BePh], the Be-C bonds are exclusively of ¢ symmetry,
with almost no bond polarisation (ESI Fig. S50 and
Table S20%). The bridging interaction between the nitrogen
atoms and the beryllium atoms consists of two 2-electron-3-
centre ¢ bonds, which are basically identical to those in 4 (ESI
Fig. S51 and Table S21%). However, there are two additional
2-electron-3-centre interactions, which are composed mainly
of one of the p orbitals at the nitrogen atoms each (ESI
Fig. S51 and Table S21%). This might indicate that the poorer
donating properties of the phenylido ligands are compensated
through multi-centre bonding between beryllium and nitro-
gen. The N-C bonds in 4 and [(NPh,)BePh], are very similar
(ESI Fig. S52 and Table S227).
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Since some electron density is delocalised over the C-N-Be
bonds in 3 and 4, we wanted to study the influence of more
efficient delocalisation onto the structure of the corresponding
beryllium complex. We therefore, reacted an etheral solution
of Be('Bu), with diphenylmethaneimine (HNCPh,). This
resulted in immediate gas evolution. However, complete con-
version, according to NMR spectroscopy, was only achieved
through heating to 65 °C over 20 h. This gave brightly yellow
[Be(NCPh,),]; (5) in an isolated yield of 53% (Fig. 11). 5 is
reasonably soluble in aromatic solvents and exhibits two sing-
lets with a one-to-two ratio at 6.0 ppm (wq, = 21.5 Hz) and
6.7 ppm (w1, = 17.5 Hz) in the °Be NMR spectrum. This is
indicative for a trinuclear linear compound, which is also sup-
ported by the presence of two signal sets of diphenylmethanei-
mido ligands with one-to-two ratio in the 'H and *C NMR
spectra.

Crystals of 5 suitable for single crystal X-ray diffraction ana-
lysis could be grown by slow solvent evaporation from a satu-
rated Et,O solution. Trinuclear 5 crystallises in the triclinic
space group P1 (2) with two formula units per unit cell and
comprises a central tetra-coordinated beryllium atom, which is
po-bridged by four imide nitrogen atoms to two terminal beryl-
lium atoms. These terminal beryllium atoms are further co-
ordinated to one nitrogen atom of a non-bridging imido
ligand each and exhibit a trigonal planar coordination sphere
(Fig. 12). This structure is closely related to 1, however, 5 is sig-
nificantly more linear with a Be-Be-Be angle of 179.1(1)°.
While in 1 the angle between the trigonal planes of the term-
inal beryllium atoms is almost 90°, in 5 this angle is with 74.6
(1)° significantly smaller. The Be---Be separations in 5 are with
2.330(3) and 2.339(3) A comparable to those in 1 and by ten-
dency longer than in the dinuclear compounds. The Be-N
bonds to the terminal imido nitrogen atoms are with 1.502(3)
and 1.507(3) A shorter than those to the bridging nitrogen
atoms. The Be-N distances from the central beryllium atom to
the bridging nitrogen atoms are with 1.718(3)-1.728(3) A con-
siderably longer than those to the terminal beryllium atoms
(1.668(3)-1.674(3) A). All Be-N bonds in 5 are by tendency
shorter than in complexes 1, 2, 3, 4 and [(NPh,)BePh],. In the
terminal imido ligands the nitrogen atoms are almost linearly
coordinated, with Be-N-C angles of 175.8(2)° and 176.7(2)°
and the CPh, plane is standing almost perpendicular to the
BeN; plane. In contrast to this, the CPh, plane of the bridging
imido ligands is parallel to the NBe, plane.

Be'Bu,

Fig. 11 Reaction of diisobutyl beryllium with diphenylmethanimine
(HNCPh,).

This journal is © The Royal Society of Chemistry 2024
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Fig. 12 Solid state structure of 5. Ellipsoids are depicted at 70% prob-
ability at 100 K. Hydrogen atoms are omitted and phenyl carbon atoms
shown as wire-frame for clarity. Selected bond lengths (A) and angles
(°): Be---Be 2.330(3) & 2.339(3), Bel/3-N, 1.668(3)-1.674(3), Be2-N,
1.718(3)-1.728(3), Bel/3—-N1/6 1.502(3) & 1.507(3), N,—C 1.270(2)-1.280
(2), N1/6-C 1.253(2), 1.264(2); Bel/3—N,—Be2 86.7(1)-87.3(1), N,—Be2-
N, 91.2(1)-110.7(1), N,—Bel/3-N, 84.7(1)-95.2(1), N1/6-Bel/3-N, 130.5
(2)-134.3(2), N1/6-Bel/3-Be2 176.7(2) & 179.6(1), Bel-Be2-Be3 179.1
(1), N1/6-Bel/3-N,—Be2 176.2(3)-179.9(3); angle between Bel/3Ns
planes: 74.6(1)°.

The TAO atomic charges at the beryllium atoms of 5 are,
with 1.49-1.51, comparable to those in all other investigated
compounds (ESI Fig. S361). The charges at the bridging nitro-
gen atoms are with —0.96 significantly more negative than at
the terminal nitrogen atoms (—0.90), which is in line with the
complexes described above. Also, the deprotonated ligands
show significantly more negative partial charges at the nitro-
gen atoms in comparison to free HNCPh, (ESI Fig. S371). The
IAO atomic charges at the nitrogen bound carbon atom of the
terminal imido ligands and free HNCPh, are almost identical,
while the respective charges in the bridging imido ligands are
slightly higher. For the interaction of the bridging nitrogen
atoms with the beryllium atoms, the LMO analysis of 5 reveals
four identical 2-electron-3-centre ¢ bonds, which compare well
to those found in 1 (ESI Fig. S53 and Table S237). Additionally,
n type 2-electron-4-centre bonds were found, which are
polarised towards the nitrogen atom, but do have comparable
contributions of the nitrogen bound carbon atom as well as of
the beryllium atoms (ESI Fig. S54 and Table S23t). The term-
inal Be-N bonds consist of one ¢ bond each, which exhibits a
60% polarisation towards nitrogen and is, therefore, compar-
able to those in the other compounds (ESI Fig. S55 and
Table S241). Additionally, however, there is a 2-electron-3-
centre © bond, which is in comparison to the other complexes
significantly more delocalised (N 76%, Be 10%, C 14%). All
N=C bonds consist of very slightly polarised ¢ bonds and =
bonds that are polarised slightly more towards nitrogen (ESI
Fig. S56-S58 and Table S25t). These two bonds are only
slightly altered in 5 in comparison to free HNCPh, (ESI
Fig. S59, S60 and Table S267). Interestingly, the lone pair at
nitrogen in free HNCPh, is slightly donating into the p orbital
of the adjacent carbon atom. Such an interaction was not
observed for the other ligands.

This journal is © The Royal Society of Chemistry 2024
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Fig. 13 Space filling models of (a) [Be(HNMes),]s (1), (b) [Be(HNDipp),l»
(3), (c) [Be(NPh,)(u-HNDipp)l, (4), (d) [(NPh,)BePh],% and (e) [Be
(NCPh,),]3 (5). Be: green, N: blue, C: grey, H: white.

3 Conclusions

In summary we have prepared a set of closely related beryllium
amide and imide complexes: [Be(HNMes),]s; (1), [(py).Be
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(HNMes),] (2), [Be(HNDipp),J, (3), [Be(NPh,)(u-HNDipp)], (4)
and [Be(NCPh,),]; (5). These compounds are all well soluble in
aromatic solvents, which is in contrast to many related organo
beryllium complexes. With exception of 1 and 2 no evidence
for dynamic behaviour in solution was observed. IAO atomic
charge analysis revealed no significant differences in the
charge distributions of the multinuclear compounds or the
mononuclear pyridine adduct 2. LMO analysis showed that the
Be-N interactions to the terminal amido ligands mainly
consist of covalent ¢ Be-N bonds, while the p,-N bridging
interactions are 2-electron-3-centre ¢ bonds. The electron
deficiency at the beryllium atoms is partially compensated
through additional donation from the lone pairs at the nitro-
gen atoms to the beryllium atoms. This results in a partial
double bond character of the terminal Be-N bonds and is the
reason for the planarisation of the terminal nitrogen atoms. In
case of the bridging nitrogen atoms, the lone pair at nitrogen
stays mainly located at the nitrogen atom and only slightly
donates to one or two beryllium atoms. This multi-centre
bonding is favoured if the 2-electron-3-centre ¢ bond is
equally distributed over the participating beryllium atoms. n
delocalisation over the terminal Be-N-C and bridging Be,-N-
C bonds is possible, if the molecular geometry allows for it
and can be enforced through introduction of imido ligands,
which contain N=—C double bonds. However, this & delocalisa-
tion has no significant effect on the partial charge distribution
at the beryllium and nitrogen atoms. In conclusion, alteration
of the electronic properties of the N-donor ligands has little
influence on the bonding situation. It is more likely that the
steric demand of the ligands dictates the structure of the beryl-
lium compounds, which is illustrated in the space filling
models depicted in Fig. 13.

4 Experimental procedures

Caution! Beryllium and its compounds are categorized as
human carcinogens and work with these substances is
associated with severe health hazards.””> As the biochemical
mechanisms that cause beryllium associated diseases are
still unknown,”®”® special (safety) precautions are strongly
advised.”

4.1 General experimental techniques

All manipulations were performed either under solvent vapor
pressure or dry argon using a glovebox and Schlenk tech-
niques. C¢Ds was dried over NaK alloy, while for Cg¢Hg,
n-pentane and Et,0 sodium was used. Pyridine (py) and
pyridine-ds (py-ds) were dried over CaH,. All solvents
were subsequently vacuum distilled before storage in an
argon filled glovebox. BeEt,,>?”7° Be(‘Bu),***””° and
[(NPh,)BePh], ®® were prepared according to the literature.
2,4,6-Trimethylaniline ~ (H,NMes),  2,6-diisopropylaniline
(HoNDipp) and diphenylmethanimine (HNCPh,) were pur-
chased from commercial vendors and vacuum distilled prior
to use. All reactions were carried out in J. Young NMR tubes or
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PTFE sealed Schlenk tubes. All glassware was silylated accord-
ing to the procedure in the ref. 80. Due to the expected
extreme toxicity of the obtained compounds, no elemental
analysis or mass spectrometry could be performed.

NMR spectroscopy. 'H, °Be and "C NMR spectra were
recorded on Bruker Avance Neo 300 and Avance III 500 NMR
spectrometers. The latter was equipped with a Prodigy Cryo-
Probe. "H NMR (300/500 MHz) and *C NMR (76/126 MHz)
chemical shifts are given relative to the solvent signal for C¢Dg
(7.26 and 77.2 ppm), while °Be (42 MHz) used 0.43 [M] BeSO,
in D,O as an external standard. NMR spectra were processed
with the MESTRENOVA software package.®!

IR spectroscopy. IR spectra were recorded on a Bruker alpha
FTIR spectrometer equipped with a diamond ATR unit in an
argon filled glovebox. Processing of the spectra was performed
with the OPUS software package®* and MESTRENOVA.*!

Single crystal X-ray diffraction. Single crystals were selected
under a pre-dried argon stream in perfluorinated polyether
(Fomblin YR 1800, Solvay Solexis) and mounted using the
MiTeGen MicroLoop system at ambient temperature. X-ray
diffraction data was collected using the monochromated Cu-K,
(A = 1.54186 A) radiation of a Stoe StadiVari diffractometer
equipped with a Xenocs Microfocus Source and a Dectris
Pilatus 300 K detector or a Bruker D8 Venture diffractometer
equipped with a PHOTON III C14 detector. Evaluation, inte-
gration and reduction of the diffraction data was carried out
using the X-AREA®® or the APEX5% software suites. Multi-scan
absorption correction was applied with the LANA module of
the X-AREA®® software suite or with SADABS.®> The structures
were solved with dual-space methods (SHELXT-2018/2) and
refined against F* (SHELXL-2018/3) using the SHELXLE soft-
ware package.?*"®® Non-hydrogen atoms were refined anisotro-
pically. Hydrogen atoms were refined using the “riding model”
approach with isotropic displacement parameters 1.5 times of
that of the preceding carbon atom. For the crystal data and
details of the structure determination see Tables S1 and S2.}

Computational details. All Density Functional Theory (DFT)
calculations were conducted with the program suite
TURBOMOLE 7.7%%°° using the PBEO hybrid density functional
method (DFT-PBE0)°™** and the Karlsruhe triple-{ valence
basis set with one sets of polarizations functions (def2-
TZVP).”> Grimme’s third generation dispersion correction with
the Becke-Johnson damping scheme was employed.”*®°
Multipole-accelerated resolution-of-the-identity approximation
(MA-RIJ) was used to speed up the DFT calculations®”°° and
standard m4 integration grids for the numerical integration of
the exchange-correlation part were used. All structures were
optimized within their respective point group symmetry in the
gas phase. The optimized structures were confirmed to be true
local minima with numerical harmonic frequency calculations,
as implemented in TURBOMOLE. The Cartesian coordinates
of the optimized and point group symmetry of the molecular
structures are included in the ESL.§ LMOs using the IBO local-
ization method, IAO atomic charge analysis and Natural
Population Analysis (NPA) were calculation with the PROPER
program implemented in TURBOMOLE.®*'° The results of
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the default TAO basis did not reproduce the results in the
program IBOVIEWER. The IAO basis was changed in
TURBOMOLE to the values shown in ESI Table S37.f The
default Mulliken contribution threshold of 0.1 was retained,
and negative and minor d and f orbital Mulliken contributions
were neglected in the analysis. LMOs were plotted with the
program CHEMCRAFT 1.8."*

4.2 Synthesis and characterization

[Be(HNMes),]; (1). BeEt, (67.1 mg, 1.00 mmol, 1 eq.) was
dissolved in 5 ml benzene and H,NMes (270.4 mg, 2.00 mmol,
2 eq.) was added. Immediately gas evolution was observed and
the reaction mixture was subsequently heated to 70 °C for
20 h. The solvent was removed from the pale yellow solution in
vacuo. The obtained pale yellow solid was washed with 5 ml
n-pentane to give the title compound as a colourless solid in
64% (176.4 mg) isolated yield. Single crystals were obtained
from an oversaturated benzene solution. "H NMR (500 MHz,
CeDs) 6 = major isomer: 1.82 (s, 6H, CH3), 2.02 (s, 6H, CH3),
2.08 (s, 3H, CHj), 2.16 (s, 6H, CH,), 2.35 (s, 6H, CH;), 3.30 (bs,
1H, NH), 3.33 (bs, 2H, NH), 6.62 (s, 2H, CH,,), 6.64-6.67 (m,
2H, CHy,), 6.79-6.82 (m, 1H, CH,,); minor isomer: 1.89 (s, 6H,
CH,), 1.99 (s, 6H, CH;), 2.04 (s, 6H, CH;), 2.08 (s, 3H, CH,),
2.30 (s, 6H, CHj), 3.27 (bs, 2H, NH), 3.40 (bs, 1H, NH),
6.03-6.11 (m, 2H, CH,,), 6.64-6.66 (m, 4H, CH,,). Be NMR
(42 MHz, C¢Dg) 6 = major isomer: 6.6 (s, @, = 7.0 Hz); minor
isomer: 5.3 (s, w1/, = 5.6 Hz); the signals of the tricoordinated
Be nuclei were too broad for observation. "*C NMR (126 MHz,
C¢Dg) 6 = major isomer: 18.5 (s, CH3), 18.8 (s, CH3), 20.5 (s,
CH3;), 20.7 (s, CH3), 21.1 (s, CHy), 124.2 (s, Car), 125.1 (S, Cay),
126.8 (s, Car), 128.3 (S, Car), 129.3 (s, CHyay), 130.4 (s, CHa,),
130.9 (S, Car), 131.3 (s, CHy,), 142.0 (s, CN), 145.5 (s, CN);
minor isomer: 18.9 (s, CH3), 19.9 (s, CHj3), 20.5 (s, CHj3), 20.6
(s, CHj), 124.5 (S, Car), 125.2 (S, Car), 125.5 (s, Car), 127.0 (s,
Cap) 129.0 (s, Cay), 129.4 (s, CHy,), 130.2 (s, CHy,), 130.5 (s,
CHp,), 141.3 (s, CN), 145.8 (s, CN). IR (em™): 3341 (vw), 3296
(w), 3008 (w), 2968 (w), 2913 (m), 2853 (m), 2727 (vw), 1613
(w), 1481 (s), 1434 (m), 1401 (w), 1387 (w), 1371 (w), 1348 (W),
1307 (m), 1265 (m), 1232 (w), 1218 (m), 1150 (m), 1048 (m),
1028 (w), 1008 (w), 959 (w), 928 (W), 851 (s), 802 (vs), 746 (W),
732 (s), 693 (m), 642 (w), 612 (m), 598 (w), 575 (m), 559 (s), 516
(m), 496 (w), 463 (m), 445 (W).

[(py).Be(HNMes),] (2). BeEt, (33.5 mg, 0.5 mmol, 1 eq.) was
dissolved in 5 ml pyridine and H,NMes (135.0 mg, 1.00 mmol,
2 eq.) was added. Immediately gas evolution was observed
together with a colour change to orange. The reaction mixture
was subsequently heated to 70 °C for 20 h. The solvent was
removed from the orange solution in vacuo. The obtained
yellow solid was washed with 5 ml n-pentane to give the title
compound as a yellow solid in 62% (160.8 mg) isolated yield.
Single crystals were obtained from an oversaturated benzene
solution. "H NMR (500 MHz, C¢Dg) 6 = 2.17-2.30 (bm, 18H,
CHj), 3.47 (bs, 2H, NH), 6.43-6.57 (m, 4H, CH,,), 6.80 (bs, 4H,
CH,,), 6.82-6.93 (m, 2H), 8.36-8.51 (m, 4H, CH,). 'H NMR
(300 MHz, py-ds) 6 = 2.27 (s, 3H, CH,), 2.32 (s, 6H, CH;), 4.55
(s, 1H, NH), 6.86 (s, 2H, CH,,). "Be NMR (42 MHz, C¢Dg) & =
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8.1 (bs, wy/, = 288.0 Hz). Be NMR (42 MHz, py-d;) & = 6.8 (bs,
w1, = 131.7 Hz). *C NMR (126 MHz, C¢Dg) 6 = 20.0 (bs, CH,),
20.7 (s, CHs), 123.9 (s, CHp,), 125.1 (bs, CHay), 129.3 (bs, Cay)
130.1 (bs, CHa,), 136.6 (s, CHpy), 149.6 (s, CHpy); twWo Ca
signals could not be detected. IR (cm™): 3443 (w), 3327 (m),
3221 (w), 2998 (w), 2966 (W), 2908 (m), 2853 (m), 1628 (m),
1603 (m), 1560 (m), 1489 (s), 1475 (m), 1442 (s), 1399 (w), 1375
(w), 1303 (s), 1267 (w), 1205 (m), 1152 (m), 1067 (m), 1042 (s),
1010 (s), 959 (w), 938 (m), 916 (s), 885 (W), 855 (s), 830 (m), 740
(s), 704 (vs), 657 (s), 642 (s), 598 (s), 551 (vs), 498 (w), 479 (s),
465 (s), 424 (w).

[Be(HNDipp),]> (3). BeEt, (67.1 mg, 1.00 mmol, 1 eq.) was
dissolved in 5 ml benzene and H,NDipp (354.6 mg,
2.00 mmol, 2 eq.) was added. Immediately gas evolution was
observed and the reaction mixture was subsequently heated to
70 °C for 20 h. The solvent was removed from the colourless
solution in vacuo. The obtained colourless solid was washed
with 5 ml n-pentane to give the title compound as a colourless
solid in 55% (200.0 mg) isolated yield. Single crystals were
obtained from an oversaturated benzene solution. 'H NMR
(500 MHz, C¢Dg) 6 = 0.95 (d, *Jun = 6.9 Hz, 12H, CH3), 1.00 (d,
3w = 6.8 Hz, 12H, CH;), 1.28 (d, *Juu = 6.7 Hz, 24H, CH,),
2.83 (hept, *Juy = 6.7 Hz, 4H, CH(CH3),), 3.09 (hept, *Jyy = 6.7
Hz, 4H, CH(CH;),), 3.65 (s, 2H, NH), 3.81 (s, 2H, NH),
6.84-6.92 (m, 2H, CHp,), 6.93-7.00 (m, 2H, CH,,), 7.01-7.07
(m, 8H, CH,,). °Be NMR (42 MHz, C¢Dg) & = 12.2 (bs, ), =
281.6 Hz). >C NMR (126 MHz, C¢Dg) 6 = 23.5 (s, CH;), 23.6 (s,
CH;), 23.8 (s, CH;), 28.1 (s, CH(CHj;),), 31.4 (bs, CH(CH,),),
118.9 (s, CHy,), 123.1 (s, CHy,), 123.3 (s, CHa,), 124.6 (S, CHa,),
136.3 (s, Car), 137.4 (s, Cas), 141.0 (s, CN), 144.7 (s, CN). IR
(em™): 3351 (vw), 3302 (vw), 3045 (w), 2959 (m), 2923 (W), 2868
(w), 1615 (w), 1593 (w), 1481 (w), 1460 (m), 1434 (s), 1385 (W),
1354 (m), 1336 (W), 1316 (w), 1297 (w), 1273 (m), 1263 (m),
1228 (m), 1216 (w), 1189 (w), 1150 (w), 1116 (w), 1099 (w), 1052
(s), 1026 (s), 959 (w), 926 (s), 885 (W), 857 (s), 802 (s), 769 (s),
738 (vs), 696 (w), 679 (m), 630 (m), 596 (m), 555 (W), 543 (w),
530 (w), 510 (m), 485 (m), 455 (m), 416 (m).

[Be(NPh,)(p,-HNDipp)], (4). [(NPh,)BePh], (12.7 mg,
0.025 mmol, 1 eq.) was dissolved in 0.5 ml C¢Ds and H,NDipp
(8.86 mg, 0.05 mmol, 2 eq.) was added. The colourless reaction
mixture was sonicated for 1 h. Removal of the solvent in vacuo
gave the title compound as a colourless solid in almost quanti-
tative yield (98%, 17.3 mg). Single crystals were obtained from
an oversaturated benzene solution. 'H (300 MHz, C¢Dg) 6 =
1.14 (d, *Jy = 6.7 Hz, 24H, CH,), 2.75 (hept, *Jyyy = 6.6 Hz, 4H,
CH(CH,),), 3.81 (s, 2H, NH), 6.58-6.66 (m, 8H, CHy),
6.65-6.75 (m, 4H, CH,,), 6.77-6.91 (m, 8H, CH,,), 6.93-7.13
(m, 6H, CH,,). °Be NMR (42 MHz, C¢Dg) 6 = 12.4 (bs, wy), =
275.5 Hz). ">C NMR (126 MHz, C¢D) 6 = 23.2 (s, CH3), 31.1 (s,
CH(CH,),), 121.5 (s, CHyy), 123.2 (s, CHy,), 124.4 (s, CHy,),
125.1 (S, CHay), 129.1 (s, CHay), 136.9 (s, Ca), 142.9 (s, CN),
153.0 (s, CN). IR (em™"): 3306 (w), 3051 (w), 3029 (W), 2964 (m),
2931 (w), 2872 (w), 1587 (m), 1485 (s), 1460 (w), 1436 (m), 1387
(w), 1367 (W), 1334 (w), 1265 (s), 1242 (W), 1216 (s), 1179 (m),
1089 (m), 1044 (s), 1026 (w), 997 (m), 930 (w), 914 (W), 891 (s),
879 (s), 857 (w), 816 (m), 787 (m), 773 (W), 753 (vs), 698 (vs),
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677 (w), 628 (m), 610 (m), 579 (w), 553 (m), 516 (w), 500 (m),
469 (s), 445 (W), 420 (W).

[Be(N—CPhy,),]; (5). Be('Bu), (123.2 mg, 1.00 mmol, 1 eq.)
was dissolved in 5 ml Et,0 and HNCPh, (362.5 mg,
2.00 mmol, 2 eq.) was added. Immediately gas evolution was
observed and the red reaction mixture was subsequently
heated to 65 °C for 20 h. The solvent was removed in vacuo.
The obtained yellow solid was washed with 5 ml n-pentane to
give the title compound as a bright yellow solid in 53%
(195.9 mg) isolated yield. Single crystals were obtained from an
oversaturated Et,0 solution. "H NMR (500 MHz, CgDg) & =
6.55-7.28 (m, 52H, CH,,), 7.56-7.65 (m, 8H, CH,,). °Be NMR
(42 MHz, C¢Dg) 6 = 6.0 (s, w1, = 21.5 Hz, 1Be), 6.7 (S, w1y =
17.5 Hz, 2Be). >*C NMR (126 MHz, C¢Dg) § = 127.0 (s, CHa,),
127.4 (s, CHy,), 128.6 (S, CHa,), 128.8 (s, CHyy), 129.2 (S, CHa,
129.3 (s, CHa,), 129.4 (s, CHyy), 129.4 (s, CHy,), 129.7 (S, CHay),
142.2 (s, Cay), 143.3 (s, Ca;), 143.8 (s, Cag), 159.1 (s, C=N),
178.7 (s, C=N). IR (ecm™): 3351 (vw), 3302 (w), 3053 (W), 3025
(w), 2959 (m), 2921 (w), 2864 (w), 1732 (w), 1617 (m), 1595 (w),
1575 (w), 1483 (m), 1460 (n), 1434 (s), 1385 (w), 1356 (m),
1334 (w), 1316 (m), 1297 (w), 1273 (m), 1260 (s), 1230 (m), 1218
(w), 1189 (w), 1154 (w), 1116 (w), 1099 (w), 1052 (s), 1028 (s),
950 (m), 926 (m), 887 (w), 851 (s), 830 (w), 816 (w), 802 (s),
787 (w), 769 (s), 740 (vs), 693 (vs), 679 (m), 645 (w), 628 (s),
598 (w), 587 (w), 557 (w), 543 (s), 510 (m), 485 (w), 455 (w),
434 (w), 422 (m).

)
),
)
)
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