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Complexes between Fluorobenzenes and Lithium Hexamethyldisilazide Dimer
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Summary: New complexes of lithium hexamethyldisi-
lazide (LiHMDS) and three different fluorobenzenes were
prepared, isolated, and characterized by X-ray diffraction
analysis.

Among almost all the simple dimeric alkali amide base
crystal structures reported to date, coordination to the
metal cations (Li, Na, K) occurs to either nitrogen or oxygen
atoms.! An alternative second-row element capable of
coordination to these metal cations is fluorine. Indeed,
fluorine is known to coordinate to lithium via an internal
chelate ring in some fluorosilyl amides.?2 During the course
of our structural investigations of amide bases,? we isolated
and characterized several complexes between lithium
hexamethyldisilazide (LiHMDS) and fluorinated ben-
zenes. We now report the structures of three such
complexes, (LIHMDS)»CeH;F (1),4 (LIHMDS)20-CgH F2
2),% and [(LiIHMDS)sp-C¢H Fs]- (3).6 In these three
complexes fluorinated benzenes solvate the lithium cations
of dimeric LIHMDS exclusively through direct Li-F
complexation.

A unique feature of complexes 1 and 2 is monosolvation.
The representative plot of these two cyclic dimers is
depicted in Figure 1. Complex 3 is a linear polymer with
each p-difluorobenzene bridging the dimeric units asshown
in Figure 2. The dimeric units in all three complexes are
similar to each other and resemble the oxy- and aza-donor
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Figure 1. Computer-generated thermal ellipsoid of 1 (shaded
atoms = H) and 2 (shaded atoms = 1/2 H and 1/2 F) at 30%
probability. Selected bond lengths (&) and angles (deg) (data in
brackets are corresponding parameters in 2); (Si-N)av = 1.704-
(2) [1.705(3)]; Si(1)-N(1)-Si(2) = 122.76(12) [122.5(2)]; N(1)-
Li(1) = 1.995(4) [2.002(6)]; N(1)-Li(2) = 1.980(4) [1.981(6)]; N(1)-
Li(1)-N(la) = 106.4(3) [105.8(6)]; N(1)~Li(2)-N(1a) = 107.6(3)
[107.4(5)]; F(1)-Li(1) = 1.866(7) [1.894(10)]. The shortest Li~C
and Li-H distances (&) for Li(1) and Li(2): Li(1)~-C(5) = 3.007
[2.9961; Li(1)-H(5A) = 2.629 [2.612]; Li(2)-C(2) = 2.711 [2.715];
Li(2)-H(2A) = 2.495 [2.504].

solvated LIHMDS dimers. The central (Li—N); cores are
planar, and the silylamido groups are skewed relative to
such cores.® The tricoordinate Li atoms are trigonal
planar. Fluorobenzenes approach the LIHMDS dimers
from the planes defined by the (Li-N); cores. It is
noteworthy that this is exactly the same plane occupied
by both ethereal solvents and carbonyl donors complexed
to LIHMDS dimers.3d Infact, the two-dimensionalsolvent
molecules and the (Li-N); plane are almost coplanar in
the monosolvated dimers 1 and 2. The dihedral angle
between the plane of the benzene ring and the (Li-N),
core-defined plane is 7.0° in 1, 3.5° in 2, and 0° in 3. The
Caryr-F-Li bond angles are linear in all three complexes.”

Structural parameters such as the Si-N bond lengths
and Si-N-Si bond angles are very similar in all three
complexes and lie within the limit found in the oxy- and
aza-donor solvated dimeric LIHMDS complexes.!? Be-
sides the obvious differences due to coordination number,
the geometry around the tricoordinated Li atoms and
around the dicoordinate Li atoms is nearly identical in 1
and 2. However, differences are noted in the nonbonding
Li-C and Li-H distances for the differently solvated
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Figure 2. Computer-generated thermal ellipsoid of 3 at 30% probability. Hydrogens are omitted for clarity. Selected bond lengths
(A) and angles (deg): Si-N = 1.700(2); Si-N-Si = 123.0(2); N-Li = 1.991(5); N-Li-N = 106.3(3); F(1)-Li(1) = 1.999(8).

lithiums. The shortest H-Li and C--Li distances for the
dicoordinate Li atoms are much shorter than those for the
tricoordinate Li atoms (Figure 1). This reflects the
coordinative unsaturation and the less crowded nature of
the dicoordinate Li atoms.

LiHMDS complexes 1-3 represent rare examples of
lithium amide base solvation by fluorinated aromatic
solvents. They also illustrate the ability of lithium and
fluorine to form a weak intermolecular interaction. For-
mation of monosolvated LiHMDS dimers is unexpected.
Dimeric LIHMDS is the most aggregated state of this base
in both the solid state and in solution.! We are unaware
of any previous structural evidence for a monosolvated
dimer, although both the completely unsolvated trimeric
LiHMDS and a related but somewhat more sterically
hindered, unsolvated dimer are known.? It is noteworthy
that no chelation is observed in the o-difluorobenzene
complex 2 despite the ability of o-difluorobenzene to form
a chelate ring. Perhaps monosolvated dimers such as 1
and 2 are prototypical intermediates for ligand-ligand or
ligand-substrate exchange!9 not involving fragmentation
of the cyclic (Li-N); core.l!

Schleyer has recently calculated the relative stability of
geometrically different complexes between lithium hydride
and fluorobenzene.l? These calculations indicate that 8-
coordination of lithium by the aryl ring is preferable to
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direct Li-F coordination by asmall amount (0.4 kcal mol-1).
Our previous characterization of potassium hexamethyl-
disilazide (KHMDS) dimer solvated by toluenes did not
clearly identify the n%-coordination in this KHMDS
dimer.1? This KHMDS structure clearly illustrates that
nf-aryl coordination is observable with an amide base
dimer. Although there are several additional structural
examples of n8-aryl-Li complexation,l¢d we were unable
toisolate a LIHMDS/%8-aryl complex similar to that found
for KHMDS. Hence, we believe that the steric bulk of the
trimethylsilyl groups in LIHMDS impedes n8-complexation
of LIHMDS dimers. Thus, the only choice for solvation
of LIHMDS dimer by fluorobenzene is direct coordination
to the fluorine leading to the formation of 1-3. We are
unable to explain the preference for monosolvation in 1
and 2.

In conclusion, the first structures between a lithium
amide base and fluorinated solvents were characterized
using X-ray diffraction analysis.!4 The monosolvated
cyclic dimers 1 and 2 represent a new solvation pattern of
LiHMDS complexes. Attempts to observe theinteraction
between LiHMDS and fluorobenzenes in solution and
extension of the study to the sodium and potassium
anologues of LIHMDS are in progress.
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