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Lithium 2,2,6,6-tetramethylpiperidide inserts elemental sele- 
nium into its Li-N bond with the formation of lithium 2,2,6,6- 
tetramethylpiperidinoselenolate 1. In the crystal 1 is an un- 
symmetric dimer. One lithium atom is coordinated tetrahe- 
drally by two molecules of tetrahydrofuran and two selenium 
atoms, the other lithium atom exhibits an approximately rec- 
tangular-planar coordination by two N,Se-chelating groups. 
The lithium atoms are bridged by two selenium atoms thus 
forming a planar Li,Se2 core. Ab initio Hartree-Fock calcula- 
tions show 1 and the hypothetical symmetric dimer 2 to be 

of equal energy, whereas the non-chelated dimer 3 is of dis- 
tinctly higher energy. Exclusive crystallization of 1 is most 
likely a consequence of its large dipole moment of 6.18 D. 
Calculations also show that the deformation of the observed 
geometry around the uniquely coordinated lithium atom in 1 
towards distorted tetrahedral or complete planarity leads to 
an increase of energy. Excessive charge transfer from sele- 
nium to nitrogen explains the overwhelming tendency for the 
N,Se-chelating bonding 

Organolithium compounds or, in an even broader sense, 
organoelementlithium compounds are attracting attention, 
partly because they are widely used in organic and or- 
ganometallic syntheses and partly because of their often in- 
triguing structures"]. Only a few structures of lithium com- 
plexes of group 16 elements, especially of selenium and tel- 
lurium have been reported so far[*], although thiolates, se- 
lenolates, and tellurolates containing sterically very 
demanding organic residues proved to be valuable for the 
preparation of metal complexes with low coordination 
numbers[3]. Such compounds are of potential importance as 
single-source precursors for the preparation of semicond- 
ucting metalchalcogene phases by CVD processes[4]. Sur- 
prisingly, the first accurate lithium-selenium bond length 
was determined as late as 1991 by du Monl[2c] and con- 
firmed a short time later for lithium supermesityl-selenol- 
ate[2d]. Despite the wealth of information about orga- 
nonitrogen-lithium compounds~sll, no structure has pre- 
viously been reported for a lithium aminochalcogenolate. 

Results and Discussion 

We found that a number of lithium salts of amines insert 
elemental selenium just like carbanions[61 with the forma- 
tion of amin~selenolates'~] (eq. l). 

( 1 )  = 9-% Li+ 
1 

We used such anions in situ as starting materials for the 
preparation of diaminodi-, tri-, and tetraselaned71. In gen- 
eral aminoselenolates are unstable above about - 10 "C 
against disproportion and also decompose in contact with 

moisture or oxygen. Since 1 appears to be one of the more 
stable aminoselenolates, we isolated and crystallized it. The 
molecular structure of 1 was determined by single-crystal 
X-ray diffraction (Figure 1). Selected bond length and 
angles are given. 
Figure 1. Crystal structure of 1. probability of thermal ellipsoids 

50%, hydrogen atoms omitted["] 

Selected bond lengths [pin] and bond angles ["I of 1: Li(1)-Se(1) 
253 2(7). Li(1)-N(1) 204 6(6), Li(2)-Se( 1) 256.3(8), Se- N(1) 
196 3(4), O( 1)-Li(2) 198.9( 10); O( l)-L1(2)-0( la) 98.6(7), O( la)- 
-Li(2)-Se(l) 119.9(2). Li(l)-Se(l)-Li(2) 65.6(3). Se(1)- 
L1(2)-Se(la) 113.3(5). Se(1)-Li(1)-Se(1a) I15 5(5 ) ,  
N( 1)-Li( 1)-N( la) 156.3(8), N(la)-Li( I)-Se( la) 49.4(2), 
N(1)-Se(1)-Li(1) 52 3(3), N(1)-Li(I)-Se(l) 49 4(2). 

A dimeric aggregate with crystallographic C,-symmetry 
was found which exhibits a number of noteworthy features. 
It is an unsymmetric dimer with one lithium atom, Li(2) 
coordinated tetrahedrally by two THF molecules and two 
selenium atoms of the planar Li2Se2 core. The other lithium 
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atom, Li(1) is tetracoordinated by two selcnium atoms and 
two nitrogen atoms in an unique fashion. The coordination 
geometry is best described as nearly rectangular planar. Ni- 
trogen atoms are only 43.3(2) pin, selenium atoms only 
40.3(2) pm out of the best Se(l)-N(lV-Se(la)-bi(la) 
plane, which mandatory contains Li(1) due to the molecular 
C2-syminetry (Figure 2). Square-planar lithium centers are 
rare but have been observed in very rigid ligand systems 
such as lithium porphyrins[x], phthal~cyanine[~]. and in 
Li(acac)T anions[l01. 

Figure 2 Coordination gcoinetry of Li(1) and L1(2) as seen ap- 
proxiinatcly along C, 

O ( l d  

O(l1 

If the formation of 1 as a dimer is taken for granted, 
intuitively one would predict it to be symmetrical like struc- 
tures 2 (Figure 3) or 3 (Figure 4), which both would relieve 
the steric strain on the uniquely coordinated Li(l) and a 
structure related to 3 has been observed for [(THFjLiTeSi- 
(SiMe3),]2[' 'I. 

Figure 3. Hypothetical structure of 2 

To possibly gain a better understanding for the preva- 
lence of 1, we performed ah initio Hartree-Fock calcu- 
lations using the LANL2DZ[12] effective core potentials and 

Figure 4. Hypothetical structure of 3 

basis sets as implemented in the Gaussian 94[131 set of pro- 
grams for 1, 2 and 3. Attaching the hydrogen atoms at 
standltrd positions leztds to 400 basis functions. Complete 
geometry optimization gave relative energies of 0, 1 5 .  and 
+125 kcal/mol for 1, 2, and 3, respectively. This supports 
chemical intuition to somc cxtent since 1 and 2 are indeed 
of equal energy within the error limits, whereas 3 is of dis- 
tinctly higher energy. Remarkably, Tor 1 the interplanar an- 
gle between the Li(l)-Se(l)-Li(2)-Se(la) plane and the 
Li(1)-Se-N plane is calculated as 148" at the energy mini- 
mum and thus almost coincides with the 149.3" from the X- 
ray structure. While such an excellent agreement is probably 
fortuitous, it nevertheless shows that packing effects do not 
dominate the molecular structure. 

I n  addition, to get a specific look at the coordination 
geometry of Li( I), we changed the above interplanar angles, 
by rotating the two Li(1)-Se-N trianglcs, together with 
the structural residues attached to the nitrogen atoms 
around the Li(1)-Se axis while maintaining the C2-sym- 
rnetry of the molecule. The corresponding potential energy 
curve (Figure 5 )  is shallow and shows a smooth uprise to 
complete planarity around Li( 1), whereas there is a steep 
ascent in the direction of a coordination geonietiy of Li(1) 
which is best described as irregular tetrahedral. 

Purely qualitative VSEPR-considerations would predict 
exact planar coordination around Li(1) and the highest re- 
pulsion at 90'. The sum of the angles of the two closest 
variable contacts [N(l)-Li(l)-N(2) and N(1)-Li(1)- 
Se(2)] are 245.6" at go", 306.8" at 149.3" and 310.6' at 
180", respectively. 

The partial charges derived from a natural bond orbital 
(NBO)[I4I analysis (Figure 6) clearly support a predomi- 
nantly electrostatic bonding model for this system which is 
already suggested by the shallowness of the deformation 
curve in the vicinity of the energy minimum. The NBO 
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Figure 5. Relative energy as a function of the coordination geome- 

try around Li(1) (see text) 
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analysis also indicates a very substantial charge transfer 
from selenium (-0.42) to nitrogen (-0.94) which explains 
the overwhelming tendency for the observed chelating 
bonding mode and as a consequence the unique coordi- 
nation geometry of Li( 1). The lithium-nitrogen bond 
lengths are also entirely within the range found for lithium 
a m i d e ~ [ ~ . ~ ~ ~ I .  

Figure 6 .  Atomic charges in 1 a5 cnlculated by NBO population 
analysis. Hydrogen atoms are not shown for clarity but bear an 

average charge of about +0.15 

-0.36- 

-0.40 4. 4.40 
40 

Recently the solution structure of PhSeLi was studied by 
multiiiuclear NMK techniques at - 133 0C[151. Depending 
on the solvent various forms of aggregations of CIP/SIP 
status could be detected. In ether, by observing a lithium- 
selenium coupling for the first time, a symmetric lithium 
bridged dimer was shown most likely to be present Loss of 
coupling however occurs with addition of THE Our at- 
tempts to dccide if 1 andlor 2 are present in solution by 
7Li- and 77Se-NMR spectroscopy at -33°C were unsuc- 
cessful. Only bands without coupling pattern were ob- 
served, indicating exchange processes. 

There is however a good reason for the exclusive crys- 
tallization of 1 out of solutions which might contain an 
equilibrium between 1 and 2. The calculated dipole moment 
for 1 is 6.18 D in contrast to 2 which of course has no 
dipole moment. This large dipole moment leads to an enor- 
mous gain in lattice energy for the crystallization of 1 com- 
pared to 2. Indeed the packing of 1 shows a three-dimen- 
sional head to tail arrangement. 

Support of our research from project 5621 of the Jubiliuunsfondx 
der osterreichi,\clzen Nutiorzulbank is greatiully acknowlcdged. 

Experimental Section 
Reactions were carried out under argon and conventional 

Schlenk techniques were used. 77Se-NMR: Bruker WP 80, 7Li- 
NMR: Bruker AC 200. 

Lithium 2.2,6,6-tetrainetli~lyiperi~irio,~elenol~ite (1): 10.0 mmol 
(1.49 g) of ireshly destilled 2,2,6,6-tetramethylpiperidine was dis- 
solved in 100 ml of dry THF and deprotonated by addition of 
5.0 mmol methyllithium (1.6 M solution in hexane) at -78°C. The 
mixture was then stirred for 2 h at -15°C. After addition of 5.00 
mmol (0.395 g) of oxygen-free elemental grey selenium at -55°C 
the reaction mixture immediately turned red. After dissolution of 
all selenium THF was removed under reduced pressure at - 10°C 
until about 5 ml of the reaction mixture was left. Then approxi- 
mately 50 ml of cooled pentane (0°C) was added. While the mix- 
ture was allowed to stand overnight at -20°C extremely air- and 
moisture-sensitive, pale yellow crystals deposited, m.p. 70 "C (dcc.). 
77Se-NMR (80 MHz, THE -33°C): 6 = 549 rcl. Me2Se['6]; 'Li- 
NMR (200 MHz, THF, -33°C): 6 = 1.08 rcl. 0.3 M LiCl (ay); - 
C26H52LiZNZ02Se2 (596.51): calcd. C 52.35, H 8.79, N 4.69; found 
C 52.51, H 8.98. N 4.91. 

Crystal Structure Deterrriinatioii,jou compound I: Pale yellow sin- 
gle cryslals of 1 were obtained by crystallization from a mixture of 
THF and pentane at -20 "C. C2hHS7Li2NZOZSe2, formula weight 
596.50 glmol, monoclinic. C21c (No. 15). c1 = 1788.4(4), b = 

1112.1(2), c = 1564.0(3) pm, p = 105.31(3)". IT= 3.0002(10) nm3, 
Z = 4, = 1.321 mg/cm3. Diffractorneter Siemens P4, Mo-K,  
radiation (graphite monochromator, 2. = 71.073 pm), crystal size 
0.4 X 0.2 X 0.2 mm3, T =  2132) K ,  absorption coefficient p = 

2.488 mm-', F(OO0) = 1248, 03 scans (4.03 < 0 < 22.55). Intensit- 
ies were measured for 1601 independent reflections of which 1176 
were considered observed ( I  2 20(1)). Lorentz and polarization 
corrections were made. The structure was solved by direct methods, 
SHELXS-86, and refined by full matrix least-squares procedure on 

using SHELXL-93[I7]. All non-hydrogen atoms were refined 
with anisotropic temperature factors. Hydrogen atoms were in- 
cluded in the refinement at calculated positions with isotropic tem- 
perature parameters. Convergence was obtained for 155 parameters 
with the agrccment factors RI = 0.0464 and R,(. = 9.78 for 1176 
reflections. Further details of the crystal structurc investigation are 
available from the Fachinformatiomrentrum Karlsruhe, D-76344 
Eggenstein-Leopoldshafen (Germany), on quoting the depository 
number CSD-404234, the names o i  the authors. and the journal ci- 
tation. 
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