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Reaction of TlCl and [LiN(Me)ArMes2]2 [ArMes2 ) C6H3-2,6-(C6H2-
2,4,6-Me3)2] in Et2O generated the thallium amide, TlN(Me)ArMes2

(1). X-ray data showed that it has a monomeric structure with an
average Tl−N distance of 2.364(3) Å. There was also a Tl−arene
approach [Tl−centroid ) 3.026(2) Å (avg)] to a flanking mesityl
ring from the terphenyl substituent. DFT calculations showed that
this interaction is weak and supported essentially one coordination
for thallium. The electronic spectrum of 1 is hypsochromically shifted
in comparison to the monomeric TlArTrip2 (Trip ) C6H2-2,4,6-Pri

3).

Metal-metalσ andπ bonding in neutral, heavier group
13 metal (Al-Tl; i.e., heavier triels) clusters is an area that
has received considerable attention over the past decade.1-9

The M-M bonded clusters, in which the triel metal has a
1+ oxidation state and a [core]s2 electronic configuration,
are of particular interest because of the nature of the bonding

and the unusual optical properties10 that can be produced by
M-M interactions, particularly those involving thallium. The
use of terphenyl ligands has allowed Tl(I)-Tl(I) 11 interac-
tions to be studied in compounds where thallium isη1-bound
to a ligand.12 Variation in the ligand size has resulted in the
isolation of monomeric12aTlArTrip2 (Trip ) C6H2-2,4,6-Pri3),
dimeric12b (TlArDipp2)2 (Dipp ) C6H3-2,6-Pri2), and trimeric12b

(TlArXyl2)3 (Xyl ) C6H3-2,6-Me2) complexes by use of the
ligands shown below.

The application of other common monodentate ligands
such as amides to synthesize unassociated Tl(I) complexes
has yielded dimers or higher aggregates in the solid state.13
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The use of bulky amide ligands has often been studied in
parallel with alkyls or aryls, and useful insights have been
obtained by comparison of their properties.14 Therefore, we
decided to synthesize a series of monomeric metal derivatives
R2NM (M ) Al-Tl), to compare their structures and
properties with those of organosubstituted compounds. We
now show that reaction of the lithium amide [LiN(Me)-
ArMes2]2

15 with TlCl affords the heaviest member of the
series: an unassociated thallium amide.16 It was synthesized
as follows

Compound1 was obtained as orange crystals upon storing
the reaction mixture at ca.-30 °C for 12 h. It was
characterized by UV-vis spectroscopy and X-ray crystal-
lography.17

Solutions of1 are thermally unstable and decompose above
-10 °C with the deposition of Tl metal. The UV-vis

spectrum of1 was obtained using the reaction mixture
because isolated crystals of1 could not be redissolved in
hydrocarbons (diethyl ether, THF, hexane, toluene, or
benzene) without decomposition. However, the instability
of 1 did not hinder solid-state characterization.

Crystals of1 contained two crystallographically indepen-
dent molecules of1 and a disordered ether molecule at one-
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Figure 1. Molecular structure of1 (two independent molecules) with
thermal ellipsoids at 30%. Selected bond distances (Å) and angles (deg):
Tl(1)-N(1) ) 2.348(3), Tl(2)-N(2) ) 2.379(3), Tl(1)-centroid(1)) 2.970-
(2), Tl(2)-centroid(2)) 3.081(2), N(1)-C(1) ) 1.359(4), N(2)-C(26))
1.359(4), N(1)-C(25) ) 1.451(4), N(2)-C(50) ) 1.472(4), C(1)-N(1)-
C(25) ) 119.4(3), C(1)-N(1)-Tl(1) ) 132.7(2), C(25)-N(1)-Tl(1) )
107.9(2), C(26)-N(2)-C(50) ) 120.9, C(26)-N(2)-Tl(2) 132.4(2),
C(50)-N(2)-Tl(2) ) 105.5(2), N(1)-C(1)-C(6)) 118.6(3), N(1)-C(1)-
C(2) ) 125.4(3), C(6)-C(1)-C(2) ) 116.0(3), N(2)-C(26)-C(27) )
117.4(3), N(2)-C(26)-C(31)) 127.5(3), C(27)-C(26)- C(31)) 115.1-
(3). Angle between Tl(1)-N(1)-C(25) plane and central Ph) 20.1(1)°.
Angle between Tl(2)-N(2)-C(50) plane and central Ph) 12.9(4)°.

[LiN(Me)Ar Mes2]2 + 2TlCl98
-2LiCl

-20 °C Et2O
2TlN(Me)ArMes2
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half occupancy in the asymmetric unit.17 The structural
parameters of1 are similar, and both molecules are shown
in Figure 1. The Tl(1)-Tl(2) separation is 7.008(3) Å; cf.
Tl-Tl ) 4.06 Å in the tetrameric amide [TlN(SiMe3)Dipp]4
(2).13c The coordination at nitrogen is planar with an average
Tl-N distance of 2.364(3) Å. This distance is greater than
predicted by the sum of the covalent radii Tl (1.55)18 and
N (0.70 Å)18 and is ca. 0.20 Å longer than the Tl-N distance
[2.15(1) Å] in the gas-phase monomer TlN(SiMe3)2. How-
ever, the Tl-N distance in1 is similar to that determined
for weakly associated2 [2.307(6) Å] and is ca. 0.2 Å shorter
than the 2.581(7) Å in the dimer Tl2{µ-N(SiMe3)2}2.19

Compound1 also features an apparent Tl-arene inter-
action13a,13c,20with the flanking mesityl substituent [centroid-
Tl ) 3.026(2) Å (avg)] and a longer interaction of 3.569(2)
Å to the centroid of an aryl ring of a neighboring molecule.
The mesityl ring subtends an angle of 81.75(3)° (avg) with
respect to the Tl-N-Me coordination plane, and in turn,
the dihedral angle between the N coordination plane and the
central phenyl is 16.5(4)° (avg). The lengthening of the Tl-N
bond is consistent with an increase in the effective coordina-
tion number of the metal caused by the thallium-arene
interaction (but see below).

The Tl-centroid distance in1 is ca. 0.3-0.6 Å
shorter than the Tl-C distances recently reported in
[YCl3(TpMs*)Tl], TpMs* ) [HB(3-mesityl-pyrazolyl)2-
(5-mesitylpyrazolyl)]-.20aHowever, the Tl-centroid distance
in 1 falls within the ranges spanned by those in [(Mes)6Tl4-
(GaBr4)4]20b (2.94-3.03 Å) and{[Mes2Tl][AlCl 4]}2

20c and
[Mes2TlOTeF5]2 (2.94-3.35 Å).20d The metal-arene interac-
tions in the aluminum salt are dynamic in solution, with rapid
exchange of the arene as indicated by1H NMR spectro-
scopy.20cThe instability of1 precluded detailed NMR studies.
However, inspection of the structural details of the terphenyl
ligand revealed no differences in C-C bond lengths between
the two mesityl rings. Moreover, the thallium-arene centroid
interactions in1 are substantially longer than the Tl-C
distances in the dimer [C5(CH2Ph)5Tl] 2 (2.49 Å).7

To gauge the strength of the thallium-arene interactions
in 1, DFT calculations21 were carried out on the molecular
model TlN(Me)ArPh2 and the model complex TlN(Me)Ph/
benzene (Figure 2), in which the Tl-centroid distance was
varied. At the B3LYP/LANL2DZ level, the optimized
structure of TlN(Me)ArPh2 reproduced the major structural
parameters (Cipso-N ) 1.397 Å, N-Me ) 1.482 Å, N-Tl
) 2.353 Å, Tl-centroid) 3.20 Å) of1 with good accuracy.

The TlN(Me)Ph/benzene model gave a minimum of energy
at a Tl-centroid distance of∼3.6-3.8 Å, which corresponds
to a BSSE-corrected interaction energy of 0.60 kcal mol-1.
The calculated energy at the experimental centroid distance
[3.026(2) Å] is 3.0 kcal mol-1. Thus, the DFT calculations
further underscore the weak nature of the Tl-arene interac-
tions. Given the large variation in Tl-N bond lengths in
Tl(I) amides,13 it seems likely that weak secondary interac-
tions can have a very large effect on the Tl-N bond length
in such compounds.

The electronic spectrum of1 is dominated by a decreasing
absorbance (inflection point ca. 350 nm; 0.01 M solution)
that extends into the visible region. This signal is blue-shifted
compared to that of TlArTrip2, which exhibits two absorbances
at ca. 366 and 492 nm. The shifted spectrum is probably a
result of the increased singlet-triplet energy. Theoretical
calculations on the lighter group 13 element complexes MeM
and (H3Si)2NM (M ) B-In) predicted a ca. 20 kcal mol-1

greater singlet-triplet energy for the amides.22 Current work
is focused on the synthesis of lighter triel compounds of the
general formula (R2NM)n (n ) 1, 2, 3, ..., etc.) that will allow
the effects of nitrogen substitution on M-M interactions to
be determined experimentally.
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Figure 2. Plot of Tl-arene interaction energy versus Tl-centroid distance.
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