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The structures of organolithium compounds in solution have 
been the subject of attention for four decades because of concerns 
regarding the mode of solvation, dynamic behavior, and reactivity 
of ion pairs. Chiefly as a consequence of their synthetic 
importance, enolates and lithium amide bases have been most 
heavily scrutinized.1 Fraenkel and Hallden-Aberton were the 
first to demonstrate with a (peralkylcyclohexadienyl)lithium that 
triple ion formation can predominate in solution.2 More recently, 
lithium cyclopentadienide was shown to exist as coordination 
isomers in THF.3 Structurally similar ate-type complexes have 
been observed for a ferrocene-bridged cyclopentadienyl system4 

by Eiermann and Hafner and for lithium isodicyclopentadienide 
(isodiCpLi, I)3 and its analogs5 by our group in collaboration 
with Schleyer. 

For 1, the solution structures were determined to be 2 and 3 
in which the lithium cation is ^-coordinated to the exo face in 
both the contact ion pair and sandwiched states. The conversion 
of 3 to 2 is endothermic, as indicated by the predominance of 2 
in solution at 25 0C. The importance of 2 and 3 is linked to the 
stereoselectivity with which these structurally distinctive ag­
gregates experience electrophilic capture. The ir-facially dis-

symmetric nature of the isodiCp anion makes the inherent exo 
reactivity of 2 and endoireactivity of 3 immediately apparent.5'6 

To achieve further clarification of those factors at play in these 
processes, we have been actively pursuing the preparation of 
solvated forms of 2 and 3 as crystalline entities. Herein are 
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Figure 1. Thermal ellipsoid plot (30% probability) of the molecular 
structure of 4. 

reported methods for the isolation of these complexes, their solid-
state structures, and some indication of their reaction stereo­
chemistry. The findings confirm the general impression4 that 
superior ligands for Li+ favor the triple ion dimer in which the 
second Li+ is externally solvated.7 More relevant, the present 
study establishes the feasibility of securing crystalline forms of 
cyclopentadienyllithium coordination isomers from an equilibrat­
ing system in a selective manner. 

When a suspension of 1 in dry ether was treated under argon 
with freshly distilled N.N.N ',N '-tetramethylethylenediamine 
(TMEDA),8 a clear solution developed. After concentration to 
half-volume and cooling at -20 0C overnight, (isodiCp)Li-
(TMEDA) (4) was obtained as colorless, air- and moisture-
sensitive crystals in 80% yield. The X-ray diffraction data clearly 
show the Li+ to be positioned on the exo surface of the anion and 
coordinated to the two nitrogens of the TMEDA (Figure 1). 

The Li-C distances for the "Cp" ring range from 2.216 to 
2.267(12) A so that the Li-to-Cp interaction clearly qualifies as 
Tj5. The Li distance from the ring centroid (1.91 A) is comparable 
to that observed in Li(C5H4CH3)TMEDA (1.92 A)9 and Li[C5H4-
Si(CHj)3]TMEDA (1.93 A).10 Atoms C(6) and C(9) are each 
0.21 A from the least-squares plane through C(l)-C(2)-C(3)-
C(4)-C(5) and on the opposite side of this plane from the Li 
atom. This gives rise to a slight endo bending in the complex as 
is evident in the ORTEP drawing. The N(l)-Li-N(2) angle of 
83.5(4)° is as expected for TMEDA bound to Li+. 

In a similar experiment, 1 was dissolved in dry THF under 
argon, treated dropwise with an excess of 12-crown-4 (predistilled 
from K), concentrated to approximately the 25% level, and cooled 
to-20°Cfor48h.11 Bythismeans, [(isodiCp)Li(12-crown-4)]2 
(5) was isolated as pale yellow crystals (75%), which became 
green when exposed to air or light. The crystal structure of 5 
determined at 203 K reveals the unit cell to be composed of two 
Li+(12-crown-4)2 ions and two independent [(isodiCp)2Li ]-
complexes (Figure 2). Of the latter, the Li-C distances for the 
"Cp" ring are in a smaller range for molecule B [2.300-2.341(3) 
A] than for molecule A [2.292-2.389(3) A]. The respective Li 
to ring centroid distances are 1.987 and 2.008 A. All of these 
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Figure 2. Thermal ellipsoid plot (50% probability) of one of the 
independent (isodiCp)2Li molecules of 5. 

values are significantly longer than the analogous distances in 4. 
However, other related complexes with comparable dimensions 
are known.11'12 The isodiCp ligands in 5 are bent away from the 
Li at levels comparable to those found in 4. Also, because each 
Li is on an inversion center, the Cp rings are in a staggered 
arrangement and the two isodiCp ligands are oriented in opposite 
directions. 

The discovery that reaction of 1 with different chelating agents 
results in coordination to different aggregation states corroborates 
the existence of an equilibrium between 2 and 3, although less 
direct ways of arriving at 4 and 5 cannot be ruled out. 

Modest stereocontrol in favor of the endo isomer was noted 
upon exposure of lithium reagents 1, 4, and 5 to methyl iodide 
(average 77%) and chlorotrimethylsilane (average 75%) in the 
temperature range -78 to 25 0C.13 Virtually no stereoselectivity 
was observed with D2O except for 1 at low temperature. In 
contrast, higher stereoselectivity is the rule with organometallic 
electrophiles such as TiCl3OTHF and exo-(isodiCp)TiCl3. The 
endo.exo (6), endo.endo (7), and exo.exo (8) complexes were 
produced to varying degrees6-14 depending upon temperature and 
the nature of the lithium reagent. For example, condensations 
involving TiCl3-3THF led to the following ratios for 6:7:8. At 
25 0C: 1 = 2, 3,95%; 4 = 40, 20,40%; 5 = 25,15, 60%. At -64 
0C: 1 = 5, 95, 0%; 4 = 35, 55, 10%; 5 = no reaction. The 
12-crown-4 complex 5 is less stable and less reactive than that 
containing TMEDA. The highest stereoselectivity was observed 
with «co-(isodiCp)TiCl3: (25 0C) 1 = 100% exo; 4 = 95% endo; 
5 = 85% endo; (-78 0C) 1 = 95% endo. 

In light of these results, it becomes possible to refine the existing 
mechanistic model for these processes.3 At first glance, it is not 
obvious that the lithium controls the facial selectivity. In the 
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presence of CH3I, Me3SiCl, or D2O, the similar product ratios 
realized with 1, 4, and 5 suggest that equilibrium between 
coordination isomers might be rapidly reestablished upon dis­
solution of all three complexes in THF at 25 0C15 and that product 
formation is dictated by the more reactive of these two orga­
nometallics. 

Complex 3 should be the inherently more associatable reagent 
if the peripheral lithium first becomes covalently linked because 
of the heightened Lewis-acidic character of this center.16 As 
depicted in 9, the electrophile would consequently be attracted 
to the endo surface and ultimately be converted to endo product. 
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Facial selectivity erodes when D2O is involved because of the 
acid-base nature of the deuteron transfer and its appreciable 
exothermicity. As a consequence, 2 has the opportunity to 
compete and, by a related process, ultimately to position isotopic 
label on the exo surface in nearly comparable amounts. 

The temperature dependence exhibited by 1 toward TiCl3-3THF 
(endo/exo = 0:100 at 25 0C; 95:5 at -78 0C) is dramatic. At 
25 0C where 2 predominates, the appreciable electrophilicity of 
this reagent promotes virtually exclusive reaction with this complex 
to deliver exo,exo product via 10 and 11. In experiments involving 
1 at -78 0C, associations with isomer 3, which is highly favored 
in the concentration gradient, eventuate in stereochemical 
crossover. For 4, the lithium remains sequestered by TMEDA. 
The less robust 5 might be expected to lend itself more than 4 
to the production of exo.exo product 8, and this is indeed observed. 
The stereoselection observed with (isodiCp)TiCl3 as reaction 
partner is still more impressive.17 
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