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Exactly 100 years ago tellurium nitride was first obtained by
the reaction of tellurium tetrabromide with liquid ammonia.[1]

The composition TeN was ascribed to this yellow, extremely
poorly soluble, and highly exlosive substance. Considering the
analogy to the crystallographically well characterized homo-
logues S4N4

[2] and Se4N4,[3] this assignment has not been
entirely ruled out to this day.[4] However, later analytical work
made the composition Te3N4 with tetravalent tellurium
probable.[5±7] The tellurium compounds with nitride function-
alities which were characterized in recent years also derive
from tellurium(�iv). Among these are the complexes of type
1 with X�Cl[8] and F,[9] which correspond to the structure
motif A with pyramidal nitride functionality, and the nitride

(C ± O 2.36 ± 2.66 �), and 3) p-stacking interactions between
the electron-rich catechol rings of the crown ether and the
electron-poor aromatic rings and ester group of the pyridi-
nium salt.

The new binding motif for the formation of [2]pseudo-
rotaxanes presented herein demonstrates for the first time
that simple crown ethers can be used to form [2]pseudorotax-
anes. The ability to easily tune the interaction strength and the
availability of these simple components bodes well for the
extension of this motif to more complex supramolecular
systems with interlocked [n]rotaxanes and [n]catenanes.

Experimental Section

All pyridinium bromide salts were prepared by the literature method.[14]

The BFÿ4 salts were precipitated from water by the addition of NaBF4 or
NH4BF4 and recrystallized before use. DB24C8 was purchased from
Aldrich and used as received. B24C8 and 24C8 were prepared by literature
methods.[15] In a typical experiment, [2]pseudorotaxanes were formed in
solution by mixing equimolar solutions of 2 a(BF4)2 ± d(BF4)2 and crown
ether in MeCN. Typical data for [2]pseudorotaxanes in which X�CO2Et:
3d : 1H NMR (300 MHz, CD3CN, 298 K): d� 9.27 (d, 4 H, J� 5.3 Hz; a-
pyH), 8.56 (d, 4 H, J� 5.3 Hz; b-pyH), 5.40 (s, 4H; NCH2), 4.50 (q, 4 H, J�
7.1 Hz; C(O)OCH2), 3.50 (s, 32 H; OCH2), 1.44 (t, 6H, J� 7.1 Hz; CH3);
ES-MS m/z (%): 770 (5) [MÿBF4]� , 341 (100) [Mÿ 2 BF4]2�. 4d : 1H NMR
(300 MHz, CD3CN, 298 K): d� 9.24 (d, 4 H, J� 6.4 Hz; a-pyH), 8.36 (d,
4H, J� 6.4 Hz; b-pyH), 6.80 (m, 4 H; Ar), 5.46 (s, 4 H; NCH2), 4.47 (q, 4H,
J� 7.1 Hz; C(O)OCH2), 4.02 (m, 4H; ArOCH2), 3.94 (m, 4H; OCH2), 4.83
(m, 8H; OCH2), 3.63 (m, 4H; OCH2), 3.43 (m, 4H; OCH2), 3.18 (m, 4H;
OCH2), 1.44 (t, 6H, J� 7.1 Hz; CH3); ES-MS m/z (%): 818 (7) [MÿBF4]� ,
365 (100) [Mÿ 2 BF4]2�. 5 d : 1H NMR (300 MHz, CD3CN, 298 K): d� 9.24
(d, 4 H, J� 6.7 Hz; a-pyH), 8.14 (d, 4 H, J� 6.7 Hz; b-pyH), 6.74 (m, 8H;
Ar), 5.58 (s, 4H; NCH2), 4.40 (q, 4 H, J� 7.1 Hz; C(O)OCH2), 4.00 (m,
24H; OCH2) 1.44 (t, 6 H, J� 7.1 Hz; CH3); ES-MS m/z (%): 865 (12) [Mÿ
BF4]� , 389 (100) [Mÿ 2 BF4]2�.
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halides 2[10] and 3[11] with the structure motif B and trigonal-
planar nitride functionality, which is also realized in 4 with the
structure motif C.

We now found a method of approach to tellurium nitride
stabilized by TeCl4 molecules in the reaction of tellurium
tetrachloride with tris(trimethylsilyl)amine in THF [Eq. (1)].
This tellurium nitride can be obtained in more than 80 %
yield.

10TeCl4 � 8N(SiMe3)3 ÿ!THF �Te6N8
5
�TeCl4�4� � 24 ClSiMe3 (1)

Compound 5 forms pale yellow, moisture-sensitive, non-
explosive crystals. According to the crystal structure analy-
sis[13] these crystals still contain 7.5 equivalents of THF per
formula unit, four of which enter into weak bonding
interactions with the atoms Te1 and Te2. With 271.3 pm their
Te ± O distances agree with the Te ± O bond lengths of
273.1 pm in [TeCl4(OPCl3)]2.[16] The core of the structure of
[5 ´ 4 THF] ´ 3.5 THF consists of the rhombic dodecahedral
unit Te6N8, in which the tellurium atoms form the corners of a
distorted octahedron and the nitrogen atoms occupy the faces
of the octahedron as m3 ligands (Figure 1). Four of these

Figure 1. View of the Te6N8 core in the structure of [5 ´ 4THF] ´ 3.5 THF.
Displacement ellipsoids are at the 30 % probability level at 223 K.

nitrogen atoms are coordinated with TeCl4 molecules, the
chlorine atoms of which adjust themselves well to the shape of
the Te6N8 core due to the steric effect of the free electron pair
at the tellurium atom (Figure 2). At the same time, with 304 ±
331 pm the distances of the chlorine ligands of the TeCl4

molecules to the Te atoms of the core which are not

Figure 2. Molecular structure of [5 ´ 4 THF] in the crystal. In the disordered
TeCl4 groups at Te(8 ± 10) only the more strongly occupied orientations are
shown. Selected average bond lengths [pm] and angles [8] (standard
deviations taken from the mean of the single values): Te(1 ± 6) ± N(1,2,5,6)
228.5(6), Te(7 ± 10) ± N(1,2,5,6) 204.0(6), Te(1 ± 6) ± N(3,4,7,8) 201.3(6),
Te(1,2) ± O(1 ± 4) 271.3(8), Te ± Cl 251.6(4); Te-N(1,2,5,6)-Te 95.5(2),
Te-N(3,4,7,8)-Te 114.4(2), Te-N(1,2,5,6)-Te(7 ± 10) 121.0(2).

coordinated with THF are clearly below the van der Waals
sum of radii (381 pm). Since the shielding of the Te6N8 core
obtained thereby is not yet perfect, the tellurium atoms Te1
and Te2 which are facing each other are solvated by THF
molecules. This results in Te6N8 molecules which are isolated
from one another in the crystal lattice because of their jacket
and thus lose their explosive character. Upon heating under
argon 5 ´ 7.5 THF loses tetrahydrofuran at 83 8C. From 141 8C
onwards 5 is intrinsically unstable with dinitrogen evolution
and blackening under separation of tellurium beginning. At
168 8C, finally, TeCl4 can be observed as yellow sublimate.

The TeCl4 molecules bonded to the nitrogen atoms
N(1,2,5,6) cause not only a restriction of the Te-N-Te bond
angles of the Te6N8 skeleton from 114.48 to 95.58 at N(3,4,7,8),
but also a stretching of the affected Te ± N bonds of the Te6N8

core to 228.5 pm on average; all the other Te ± N distances are
only 201.3 pm. As a result, the latter are only a bit shorter than
the Te ± N bonds of the nitride functionality in the molecular
complex 1 with 203.1 pm for X�F[9] and 206.1 pm for X�
Cl.[8] Almost the same length is also shown by the Te ± N
bonds of the TeCl4 molecules which are connected to the
Te6N8 skeleton (av 204.0 pm). Te ± N bonds which are a little
shorter with an approximate length of 198 pm were observed
in the cationic complexes 2 and 3.[10, 11] In all cases these
distances approximately meet the value of 199 pm for Te ± N
single bonds.[17] An approximately planar surrounding of the
tellurium atoms by the four chlorine atoms as given in 5 is also
observed in the polymeric structure of phenyltellurium
trichloride.[18]

In THF 5 shows dynamic behavior in the 125Te NMR
spectrum. Only two signals of different intensities are
observed at d� 716 for the coordinated TeCl4 molecules



COMMUNICATIONS

2842 � WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1998 1433-7851/98/3720-2842 $ 17.50+.50/0 Angew. Chem. Int. Ed. 1998, 37, No. 20

Langmuir ± Blodgett Films of Single-Molecule
Nanomagnets**
Miguel Clemente-LeoÂ n, HeÂ leÁne Soyer,
Eugenio Coronado,* Christophe Mingotaud,*
Carlos J. GoÂ mez-García, and Pierre DelhaeÁs

The discovery that individual molecules can act as magnets
of nanometer size is a very recent one.[1, 2] The most
thoroughly studied single-molecule magnets are the mixed-
valence manganese clusters [Mn12O12(carboxylate)16]
(carboxylate� acetate,[1, 3] propionate,[4] benzoate,[5] and 4-
methylbenzoate[6]), referred to here as Mn12. The current
excitement for this kind of magnetic cluster is primarily due to

and at d� 567 for the tellurium atoms of the Te6N8 core. This
is in accord with the idea of a synchronized change of location
for the four TeCl4 molecules on the Te6N8 surface. Detach-
ment of the TeCl4 molecules does not take place in this
process; the 125Te NMR signal of TeCl4 in THF is at d�
1036.[19] Because of their disorder behavior the change of
location of the TeCl4 molecules is also indicated in the
crystalline state, even at 223 K. In contrast, the THF
molecules which are only loosely bonded are subject to quick
exchange according to the 1H NMR spectrum.
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