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Organolithium reagents are of paramount importance in
modern preparative chemistry, and our empirical knowledge
concerning their chemical behavior is rather well-developed.! Since
their fascinating, and notoriously complex, structural chemistry
can provide a key to a deeper understanding of the factors
governing their reactivities, structural investigations are of great
current interest.2 However, owing to the sensitivity of these
compounds toward oxygen and moisture, X-ray structural
investigations are often fraught with problems. This is especially
true for the extremely reactive organolithium compounds RLi
that are not stabilized by a Lewis base. There is thus a lack of
information concerning the solid-state structures of these simple
molecules.

Todate, the only X-ray structure determinations available for
such “naked” organolithium compounds are those for R = Me,’
Et, n-Bu,% -Bu,>* CH,(c-CHCMe,CMe,),5 ¢-CsHj1,8 and
CH,(SiMe3)s, (n = 0,7 1,8 29). [Bis(trimethylsilyl)methyl]-
lithium forms a polymeric chain structure; (tris(trimethylsilyl)-
methyl]lithium is dimeric in the solid state; methyl-, ethyl-, and
tert-butyllithium crystallize astetramers; [ (trimethylsilylymethyl]-
lithium, #-butyllithium, [(tetramethylcyclopropylymethyl]lithium,
and cyclohexyllithium are hexameric. Cyclohexyllithium rep-
resents a borderline case in this series of “naked” organolithium
compounds since the crystals contain two molecules of benzene
per hexamer; although benzene is not normally considered to be
a Lewis basic solvent, there is evidence for weak donor interactions
between benzene and organolithium compounds (vide infra).

We report the crystal structure of isopropyllithium,1® which is
among the first examples of structurally characterized secondary
alkyllithium reagents.!!

Isopropyllithium is tetrameric in dilute (<10-2 M) cyclohexane
solutions, but is predominantly hexameric in more concentrated
solutions as demonstrated by cryoscopic measurements; benzene
as the more Lewis basic solvent favors the existence of tetrameric
units.!2 The hexamer—tetramer equilibrium is shifted toward
the hexamer upon lowering of the temperature as shown by NMR
spectroscopic investigations of 2 M solutions of i-PrLi in
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Figure 1. Molecularstructure of (i-PrLi)s. Hydrogen atomsare omitted
for clarity. Solid lines signify short and dashed lines signify long Li-C
distances. Selected bond lengths (A) and angles (deg): C1-C2 1.531-
(2), C2-C3 1.533(2), C4-C5 1.528(2), C5-C6 1.541(2), C7-C8 1.533-
(2),C8-C91.541(2); C1-C2-C3 109.2(2), C4-C5-Cé6 107.99(13), C7-
C8-C9 108.00(13).

cyclopentane.l? When a 1.86 M solution of isopropyllithium in
n-hexanel4 is allowed to stand at —35 °C for several days, the
hexamer is obtained as colorless platelets.

In contrast to methyl- and ethyllithium there are nointeractions
between the oligomeric units in the crystal (the shortest Li—C
distance between two aggregates is 4.13 A for /-PrLi and 2.52
A for both MeLi and EtLi).

The crystal structure of isopropyllithium resembles those of
n-butyllithium? and benzene-solvated cyclohexyllithium.5 The
six lithium atoms form a distorted octahedron with six short
[2.388(3)-2.404(3), average 2.395 A] and six long [2.926(3)-
3.014(3), average 2.959 A] Li-Li distances (Figure 1).

Six of the eight faces of the octahedron are each capped by a
singlei-Prunit. Twoalmost equilateral (and opposite) triangular
faces remain uncapped; it is noteworthy that in (C¢Hj;Li)s2CsHs
the two benzene molecules are positioned parallel above the two
uncapped faces. The secondary carbon atom (C,) of an i-Pr unit
coordinates the two lithium atoms that form the longest side of
acapped triangular face [distances: 2.160(3)-2.197(3), average
2.180 A]. The distance between C, and the third lithium atom
of a capped triangular face is significantly longer [2.297(3)-
2.316(3), average 2.308 A]; at an almost identical distance from
this lithium atom is a methyl carbon atom (Cg) of a neighboring
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Figure 2. View of one of the Li triangles of the distorted octahedron with
a coordinated i-Pr group. Selected bond lengths (A) and angles (deg):
C4-Hda 1.04(2), C5-H5 0.99(2), C6-Hé6a 0.97(2), C6~-H6b 1.00(2),
C6-Hé6c 1.04(2),C4-H4b 1.05(2), C4-H4c0.99(2); C5-C4-H4a 113.2-
(11),C5-C4-H4b111.4(11),C5-C4-H4c 116.5(10), C4-C5-H5103.8-
(9), C6-C5-H5 103.0(9), C5-C6-Héa 114.8(13), C5-C6-Héb 112.9-
(10), C5-C6-Hé6c 111.8(10).

i-Pr unit [2.302(3)-2.314(3), average 2.308 A]. Thus, each
lithium atom is in contact with four carbon and four lithium
atoms, respectively, and two short and two long distances are
observed in each case. Additionally, the conformation has rather
short Li—H distances (Figure 2), with the Li-Hdistances (1.908—
1.965, average 1.936 A) being significantly shorter than the Li-
Hp distances (2.005-2.089, average 2.038 A); strong Li-Hg
interactions are discussed to be responsible for the thermal
decomposition of alkyllithium species via a § elimination
pathway.1’

Our structure determination of isopropyllithium closes a gap
between the structurally characterized primary and tertiary
alkyllithiumreagents. Asforn-BuLi,16¢-BuLi’and (c-CHCMe,
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CMe,)CH,Li,!® Li—Cg interactions are an important structural
feature for i-PrLi. Obviously, it is more favorable for all four
compounds that a lithium atom interacts with four carbon atoms
via two short and two long distances, rather than with only three
carbon atoms via three short distances, which would correspond
toa perfectly symmetric capping of a triangular face. The Li—Cg
interactions within an oligomeric unit allow the existence of
isolated aggregates in the crystal. For hexameric Me;SiCH,Li
and dimeric (Me;Si);CLi, which do not contain Cgatoms, Li-C,
interactions are observed instead.!® In the caseof (Me;Si),CHLI,
EtLi,and MeLi, respectively, the subunits are associated through
Li—-C, interactions and form a one-, two-, and three-dimensional
array, respectively.

It is remarkable that the basic structure of (C¢H;;Li)s2CsHs
is quite similar to that of (i-PrLi)s. Obviously, the influence of
the benzene molecules on the hexameric unit of cyclohexyllithium
is almost negligible; this is in contrast to the well-documented
depolymerizing effect of benzene on the aggregation of alkyl-
lithium compounds with a moderately bulky R group in
solution, la12
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(16) The average Li-Cg distance is 2.29 A (ref 2c).

(17) The average Li-Cg distance is 2.37 A (ref 2c).

(18) The average Li-Cj distance is 2.37 A (calculated from the crystal-
lographic data given in ref 5).

(19) The relevant Li-C, distances range from 2.47 to 2.54 A for (Me;-
Si);CLi (ref 7) and from 2.59 to 2.85 A for Me;SiCH,Li (calculated from
the crystallographic data given in ref 9); these values are similar to the
interaggregate Li—C distances in MeLi (refs 3) and EtLi (refs 4).



