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Higher aggregated alkali-metal compounds are usually obtained
with increasing radius of the metal. Alkali-metal salts derived from
the sterically crowded triazenido ligand Tph2N3H [Tph ) C6H3-
2,6-(C6H2-2,4,6-iPr3)2] do not obey this principle. Interestingly, these
compounds show inverse aggregation behavior in the solid state:
the potassium and cesium salts crystallize as discrete monomers
in which the cations interact with flanking arene rings of the
diaryltriazenido ligands, whereas the lithium derivative is dimeric
with a more conventional heteroatom-bridged structure.

Alkali-metal salts of organo-substituted group 14-16
elements, in particular the lithium, sodium, and potassium
derivatives, are key reagents in organometallic synthesis and
coordination chemistry.1 Understanding the structure and
aggregation of these compounds is therefore of fundamental
interest to rationalize their different properties and reactivity.
The degree of aggregationn for (MERx)n compounds [M)
alkali metal, E) group 14 (x ) 3), 15 (x ) 2), and 16 (x )
1) elements] depends on the nature of the metal (ionic radius
and polarizability), steric demand and hapticity of the
substituents, and donor solvation of the metal atom. More-
over, the avoidance of coordinating solvents often leads to
novel structures and unusual metal-ligand interactions.
Examples of the latter include agostic-type interactions with
alkyl-substituted ligands or metal-π-arene interactions in
aryl-substituted ligand systems. The pronounced tendency
of the electron-deficient alkali-metal complexes1,2 or orga-
nyls3 to form aggregates in the absence of coordinating
solvents or additionalσ-donor atoms is reflected by the large
number of structurally characterized oligo- and polymeric
compounds, with the most common structural motives
depicted in Scheme 1. In contrast, few structures of mono-
meric solvent-free compounds containing mono- and biden-
tate ligands have been reported.4

In homoleptic complexes, higher aggregated derivatives
are normally obtained with increasing radius of the alkali-
metal cation.5 In this Communication, we describe the
preparation and characterization of alkane-soluble alkali-
metal salts of a novel sterically crowded triazenido ligand
that do not obey this principle. Interestingly, these com-
pounds showinVerse aggregationbehavior in the solid
state: the cesium and potassium derivatives crystallize as
discretemonomers, whereas the lithium salt isdimeric.

We recently succeeded in the preparation of derivatives
of aryl-substituted, sterically crowded triazenido ligands,
including the first examples of structurally characterized aryl
compounds of the heavier alkaline-earth metals calcium,
strontium, and barium6 and unsolvated pentafluorophenyl
organyls of the divalent lanthanides ytterbium and europium.7

Because these novel triazenido groups may also find ap-
plications as ancillary ligands in catalysis, we have now
prepared several alkali-metal derivatives to use them as
transfer reagents. The alkali-metal triazenides are accessible
in heptane as the solvent via metalation of the triazene
Tph2N3H (1; Tph) 2-TripC6H4 with Trip ) 2,4,6-iPr3C6H2)
with eithern-butyllithium or alkali metal (Scheme 2).8 After
crystallization, the solvent-free compounds [M(N3Tph2)]
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Scheme 1. Common Structural Motifs for (MERx)n Compounds
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[M ) Li (2), K (3), Cs (4)] are isolated in good to excellent
yields. The deep-yellow or orange complexes show consider-
able thermal stability but decompose with N2 evolution above
176 °C (2), 326 °C (3), or 340°C (4). They are moisture-
sensitive and possess good or moderate solubility in aromatic
or aliphatic hydrocarbons. The IR spectra show strongνas

N3 absorptions in the range 1229-1262 cm-1, which is
indicative of the triazenido groups acting as chelating
ligands.9

All compounds were examined by X-ray crystallography,10

and their molecular structures and important bond parameters
are shown in Figures 1 and 2. Structurally characterized
alkali-metal triazenides are scarce and have been limited so
far to two solvated species with tolyl substituents, a dimeric
lithium, and a polymeric potassium complex.11

The lithium triazenide2 crystallizes as a dimeric complex,
in whichµ2:η1,η2-bound triazenido ligands bridge two lithium
atoms. The cis arrangement of the triazenido ligands with

(8) Important spectroscopic and analytical data for2-4 (synthetic
procedures, IR data, and information about the synthesis and charac-
terization of1 are given in the Supporting Information). [LiN3Tph2]
(2): mp 176-235 °C (color change to orange and red and decom-
postion to a brown-red liquid);1H NMR (400.1 MHz, benzene-d6) δ
1.08+ 1.09 (2× d, 3JHH ) 6.8 Hz, 12H,o-CH(CH3)2), 1.24 (d,3JHH
) 6.8 Hz, 12H, p-CH(CH3)2), 2.78 (sep,3JHH ) 6.8 Hz, 4H,
o-CH(CH3)2), 2.84 (sep,3JHH ) 6.8 Hz, 2H,p-CH(CH3)2), 6.60 (d
br, 2H, 6-C6H4), 6.88 (t,3JHH ) 7.3 Hz, 2H, 4-C6H4), 6.92 (d,3JHH )
7.3 Hz, 2H, 3-C6H4), 7.14 (t, 2H, 5-C6H4), 7.17 (s, 4H,m-Trip); 13C
NMR (100.6 MHz, benzene-d6) δ 23.9 + 24.2 (2× o-CH(CH3)2),
25.3 (p-CH(CH3)2), 30.8 (o-CH(CH3)2), 34.5 (p-CH(CH3)2), 120.8 (6-
C6H4), 121.8 (m-Trip), 122.4 (4-C6H4), 127.9 (5-C6H4), 132.4 (3-C6H4),
130.0 (2-C6H4), 137.2 (i-Trip), 146.5 (o-Trip), 148.2 (p-Trip), 150.4
(1-C6H4); 7Li NMR (155.5 MHz, benzene-d6) δ -0.11. Anal. Calcd
for C42H54LiN3: C, 82.99; H, 8.96; N, 6.91. Found: C, 83.37; H,
8.93; N, 6.95. [KN3Tph2] (3): mp 326-332°C (minor dec);1H NMR
(250.1 MHz, benzene-d6) δ 0.82+ 1.07 (2× d, 3JHH ) 6.9 Hz, 12H,
o-CH(CH3)2), 1.05 (d,3JHH ) 6.9 Hz, 12H,p-CH(CH3)2), 2.62 (sep,
3JHH ) 6.9 Hz, 2H,p-CH(CH3)2), 3.03 (sep,3JHH ) 6.9 Hz, 4H,
o-CH(CH3)2), 6.89 (s, 4H,m-Trip), 7.02 (t, 3JHH ) 7.3 Hz, 2H,
4-C6H4), 7.16 (d, 2H, 3-C6H4), 7.39 (t,3JHH ) 7.3 Hz, 2H, 5-C6H4),
8.38 (d,3JHH ) 7.3 Hz, 2H, 6-C6H4); 13C NMR (62.9 MHz, benzene-
d6) δ 23.9 + 24.2 (2× o-CH(CH3)2), 24.5 (p-CH(CH3)2), 30.6 (o-
CH(CH3)2), 34.1 (p-CH(CH3)2), 114.8 (6-C6H4), 119.5 (m-Trip), 120.5
(4-C6H4), 128.9 (5-C6H4), 129.3 (3-C6H4), 130.7 (2-C6H4), 140.9 (i-
Trip), 147.4 (p-Trip), 148.9 (o-Trip), 153.2 (1-C6H4); EI MS (70 eV)
m/z (%) 639.4 (100) [M+], 573.4 (2) [Tph2NH]+. Anal. Calcd for
C42H54KN3: C, 78.82; H, 8.50; N, 6.57. Found: C, 78.20; H, 8.48;
N, 6.58. [CsN3Tph2] (4): mp 340-358 °C (minor dec);1H NMR
(250.1 MHz, benzene-d6) δ 0.88+ 1.08 (2× d, 3JHH ) 6.9 Hz, 12H,
o-CH(CH3)2), 1.01 (d,3JHH ) 6.9 Hz, 12H,p-CH(CH3)2), 2.59 (sep,
3JHH ) 6.9 Hz, 2H,p-CH(CH3)2), 3.10 (sep,3JHH ) 6.9 Hz, 4H,
o-CH(CH3)2), 6.88 (s, 4H,m-Trip), 7.01 (t, 3JHH ) 7.3 Hz, 2H,
4-C6H4), 7.12 (d, 2H, 3-C6H4), 7.40 (t,3JHH ) 7.6 Hz, 2H, 5-C6H4),
8.47 (d,3JHH ) 7.6 Hz, 2H, 6-C6H4); 13C NMR (62.9 MHz, benzene-
d6) δ 23.9 + 24.1 (2× o-CH(CH3)2), 24.6 (p-CH(CH3)2), 30.7 (o-
CH(CH3)2), 34.4 (p-CH(CH3)2), 115.2 (6-C6H4), 120.4 (m-Trip), 120.4
(4-C6H4), 128.8 (5-C6H4), 129.6 (3-C6H4), 130.5 (2-C6H4), 141.8 (i-
Trip), 147.4 (p-Trip), 148.6 (o-Trip), 154.6 (1-C6H4). Anal. Calcd for
C42H54CsN3: C, 68.74; H, 7.42; N, 5.73. Found: C, 68.72; H, 7.41;
N, 5.73.

Scheme 2. Synthesis of2-4

Figure 1. Molecular structure of (2)2 with thermal ellipsoids set to 30%
probability. Hydrogen atoms have been omitted, and carbon atoms of
isopropyl groups are shown as lines for clarity. Selected bond lengths (Å),
angles (deg), and dihedral angles (deg): Li1-N1 ) 2.389(9), Li1-N3 )
1.960(8), Li1-N4 ) 2.234(9), Li1-N6 ) 1.984(8), Li2-N1 ) 2.013(7),
Li2-N4 ) 2.044(7), Li2‚‚‚C21 ) 2.343(7), Li2‚‚‚C22 ) 2.585(7),
Li2‚‚‚C26 ) 2.605(7), N1-N2 ) 1.339(3), N2-N3 ) 1.296(4), N4-N5
) 1.317(4), N5-N6 ) 1.304(4), N3-Li1-N6 ) 176.9(6), N2-N1-C11-
C16 ) -23.6(4), N2-N3-C31-C36 ) 82.0(4), N5-N4-C51-C56 )
179.5(3), N5-N6-C71-C76 ) -10.5(5).

Figure 2. Molecular structure of3 with thermal ellipsoids set to 30%
probability. Hydrogen atoms have been omitted, and carbon atoms of
isopropyl groups are shown as lines for clarity. Selected bond lengths (Å),
angles (deg), and dihedral angles (deg) for3 and4 (in brackets): M-N1
) 2.7093(14){3.065(5)}, M-N3 ) 2.7232(14){3.071(4)}, M‚‚‚C21 )
3.3166(16){3.680(5)}, M‚‚‚C22 ) 3.3472(16){3.569(6)}, M‚‚‚C23 )
3.3636(17){3.541(6)}, M‚‚‚C24 ) 3.3689(17){3.656(6)}, M‚‚‚C25 )
3.3074(18){3.741(6)}, M‚‚‚C26 ) 3.2948(17){3.767(6)}, M‚‚‚C41 )
3.3583(16){3.699(5)}, M‚‚‚C42 ) 3.4435(17){3.730(5)}, M‚‚‚C43 )
3.4759(18){3.756(6)}, M‚‚‚C44 ) 3.4482(18){3.736(6)}, M‚‚‚C45 )
3.3359(18){3.664(6)}, M‚‚‚C46) 3.3060(17){3.657(6)}, K‚‚‚X6 ) 3.027,
{Cs‚‚‚X5 ) 3.367}, K‚‚‚X5′ ) 3.087, {Cs‚‚‚X5′ ) 3.430}, N1-N2 )
1.3016(18){1.314(6)}, N2-N3 ) 1.3086(17){1.307(6)}, X6‚‚‚K‚‚‚X5′ )
161.4,{X5‚‚‚Cs‚‚‚X5′ ) 169.6}, N2‚‚‚K‚‚‚X6 ) 100.5, N2‚‚‚K‚‚‚X5′ )
97.9 {N2‚‚‚Cs‚‚‚X5 ) 93.5, N2‚‚‚Cs‚‚‚X5′ ) 88.3}, N2-N1-C11-C16
) 3.7(2) {3.2(9)}, N2-N3-C31-C36 ) -4.4(2) {-2.0(9)}.
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respect to the central, almost planar Li2N2 ring is quite unique
and has no precedent in the structural chemistry of the related
lithium amidinates.12 One of the lithium atoms (Li1) shows
a 2+ 2 coordination by four nitrogen atoms with two shorter
[Li1-N3 1.960(8) Å; Li1-N6 1.984(8) Å] and two consid-
erably longer [Li1-N4 2.234(9) Å; Li1-N1 2.389(9) Å]
bonds. The other lithium atom (Li2) exhibits a distorted
trigonal-planar coordination by two nitrogen atoms of differ-
ent triazenido ligands [Li2-N1 2.013(7) Å; Li2-N4 2.044(7)
Å] and the centroid of aη3-bonded arene ring [Li2‚‚‚C21
2.343(7) Å; Li2‚‚‚C22 2.585(7) Å; Li2‚‚‚C26 2.605(7)].
Notably, the different coordination of the lithium atoms and
the N3-Li1-N6 angle of 176.9(6)° allow an alternative de-
scription of (2)2 as lithiate complex [Li][Li(N3Tph2)2]. Steric
crowding is manifested in the different conformations of the
biphenyl substituents with respect to the central NNN plane.
It is reflected by the N-N-Cn1-Cn6 dihedral angles and
is best described as being syn/gauche (n ) 1 and 3) and
anti/syn (n ) 5 and 7).

Unexpectedly, the potassium and cesium triazenides3 and
4 crystallize as monomeric complexes. They contain symmet-
rically bonded bidentate triazenide ligands with mean M-N
distances of 2.716 and 3.068 Å, respectively. Steric and elec-
tronic saturation of the alkali-metal cations is provided by
additional metal‚‚‚π-arene contacts to the flanking aryl groups.
In 3, the metal ion interacts with the Trip rings of the bi-
phenyl substituents in aη6/η5 fashion with K‚‚‚C distances
in the ranges 3.2948(17)-3.3689(17) Å (C21f C26) and
3.3060(17)-3.4482(18) Å (C41, C42, and C44f C46).13

In 4, the metal‚‚‚π-arene interactions are best described as
beingη5/η5. The Cs‚‚‚C distances considered to be bonding
are in the ranges 3.541(6)-3.741(6) Å (C21f C25) and

3.664(6)-3.736(6) Å (C41, C42, and C44f C46). For3
and4, the coplanar arrangement of the C6H4 rings with the
NNN plane and the perpendicular orientation of the Trip sub-
stituents result in an unusual T-shaped environment of the
metal cations defined by the centroids of the coordinated arene
rings and N2 of the triazenido ligand. In4, two additional
weak agostic-type interactions of 3.784(9) Å (Cs‚‚‚C222) and
3.811(8) Å (Cs‚‚‚C462) are observed for the carbon atoms of
theo-iPr groups. The absence of particular short intermolecular
M‚‚‚C contacts (3, K‚‚‚C >5.3 Å;4, Cs‚‚‚C >4.2 Å) supports
the monomeric nature for both compounds in the solid state.

1H NMR studies on C6D6 solutions of3 and 4 indicate
that the coplanar conformation of the triazenido ligand and
therefore theπ encapsulation of the metal cations are retained
in solution.14

Which factors contribute to the different aggregation of2
vs3 and4? First, the varying interactions of the alkali-metal
cations with the flanking aryl substituents need to be
considered. Although the strength of the M‚‚‚π-arene inter-
actions normally decreases with increasing radius of M,15

geometric constraints in the triazenide anion allow closeη6-
π-arene contacts only in the case of the larger metals. In
addition, the larger Li-N bond energies and the flexible
conformation16 of the triazenido ligand favor the formation
of conventional heteroatom-bridged dimers in2. On the other
hand, oligomerization of3 and 4 is prevented by smaller
M-N bond energies. The higher tendency of the heavier
alkali-metal cations to interact with the pendant aromatic
rings may also be viewed in terms of the “hard and soft acids
and bases” principle: the soft acids K+ and Cs+ prefer the
soft base arene over the hard base R2N3

-.
In summary, we have used a novel sterically crowded,

triazenido ligand to stabilize monomeric, unsolvated com-
plexes of the heavier alkali metals potassium and cesium.
In contrast to commonly used neutral or anionic multidentate
ligands, such as crown ethers, cryptands, or calixarenes,
which coordinate via hardσ-donor atoms, steric and elec-
tronic saturation of the metal centers in our compounds is
mainly achieved byπ-arene encapsulation between flanking
aryl substituents.
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