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With the realization that reaction selectivity is dependent upon 
reagent structure1 has come a burgeoning of activity in structural 
studies of lithium diisopropylamide (LDA) and related systems, 
both in the solution2 and solid2d3 states. Recent synthetic, 
mechanistic, and NMR spectroscopic studies of lithium amide/ 
lithium halide aggregates234 have shown that such species have 
superior stereoselectivity over pure amide bases in enolization 
reactions. While these careful investigations have provided many 
clues as to the nature of mixed aggregates in solution, the 
complementary solid-state structural data necessary for supporting 
and differentiating between proposed solution structures have 
until now been almost completely lacking.5 Herein we report a 
method for synthesis,6 isolation, and structural characterization7 

of (LDA)2LiCl(TMEDA)2 (1) (TMEDA = /V,/V,/V',/V'-tetra-
methylethylenediamine) as a three-runged ladder. 

Synthesis of 1 could not be effected by mixing LiCl, LDA, and 
TMEDA, presumably due to the high lattice energy of LiCl. 
More surprisingly, the "ammonium salt route", so successful in 
preparing crystalline Lewis base complexes of lithium halides 
and pseudohalides,8 and in the synthesis of a lithium phenoxide/ 
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Figure 1. Thermal ellipsoid plot (50% probability) of the molecular 
structure of 1. Selected bond distances (A) and angles (deg): Li(I)-Cl 
= 2.478(3); Li(2)-Cl = 2.364(3); Li(3)-Cl = 2.384(3); Li(I)-N(I) = 
2.021(3); Li(l)-N(2) = 2.022(3); Li(2)-N(l) = 2.070(3); Li(3)-N(2) 
= 2.074(3); Li(2)-Cl-Li(3) = 136.47(9); Li(2)-Cl-Li(l) = 68.63(9); 
Li(3)-Cl-Li(l) = 67.94(9); N(I)-Li(I)-Cl = 99.22(11); N(2)-Li( l)-
Cl = 100.86(11); N(l)-Li( l)-N(2) = 159.9(2). 

thiocyanate mixed aggregate,9 also failed. A new synthetic 
methodology was developed.' ° By using the hydrochloride of the 
amine to be metalated (plus a further equivalent of the amine), 
the generation of LiCl was possible in the immediate vicinity of 
the amide at low temperature. 

Pr^NH2
+Cl" + Pr!

2NH + 3nBuLi + 2TMEDA — 

(P^2NLi)2LiCl(TMEDA)2 + 3«BuH 

The fact that the reaction with butyllithium of the amine-
hydrochloride was so different from that of the amine plus 
ammonium chloride is significant.'' It suggests that the lithium 
amide units generated in situ are acting as strong complexants, 
trapping a fragment of LiCl in a partial R2N

-Li+ "lattice", thus 
preventing the fragment from further association into (LiCl)„. 

Inspection of the molecular structure (Figure 1) seems to 
support this view of 1 as a LiCl "monomer" trapped between two 
LDA-TMEDA "monomers". However, the longest Li-Cl distance 
is that of the supposed monomer unit Li(I)-Cl. Two shorter 
contacts to Li(2) and Li(3) complete the near-planar (root mean 
square deviation 0.029 A) three-coordinate chloride geometry. 
The geometry around Li(I) is even nearer planarity [N(I), N(2), 
Cl, and Li(I), root mean square deviation 0.008 A], Li(2) and 
Li(3) lying above and below this plane, respectively. A non-
crystallographic 2-fold axis lies coincident with the Li-Cl bond. 
All these features characterize 1 as a three-runged ladder. Thus 
1 constitutes, to our knowledge, the first odd-number-runged 
ladder in alkali-metal chemistry, and the first in which a chloride 
ion forms a component.12 While the planar ^-chloride is very 
unusual, the LDA-TMEDA units are also of note. The ?j2 

chelating mode of TMEDA was not observed in two different 
crystal structures from,2d'3a and detailed NMR investigations of,2d 

the LDA/TMEDA system. It was postulated as a transient 
intermediate in exchange processes, but is here to be found in the 
solid state, stabilized by the sterically undemanding LiCl unit. 
Thus while LDA itself is too bulky to ladder33 or be chelated by 
TMEDA,2d lithium chloride is not bulky enough, preferring to 
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stack13 or associate infinitely to the ionic lattice. Careful 
combination of the two allows isolation of a ladder where two 
lithiums attain four-coordination instead of the maximum of three 
found for solvated LDA ring dimers.2d One three-coordinate 
lithium remains in the central rung of the ladder, perhaps stabilized 
partially by CH-Li interactions (the shortest H-Li distances 
are 2.54 and 2.53 A).14 

Returning to the enolization studies of Collum, maximum EjZ 
selectivities were obtained where species akin to 1 were the most 
abundant in tetrahydrofuran solution.2a-4 While it is not possible 
in solution to differentiate between a cyclic trimer with each 
lithium coordinated by one Lewis base and a three-rung ladder 
with one "bare" lithium, the observed structure of 1 strongly 
suggests the second of these proposed structures to be correct. 
This is entirely consistent with ab initio calculations15 and the 
dearth of solvated trimers known in the solid state.16 Conse­
quently, 1 may be used as a structural model for the species 
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present in Collum's studies, and indeed for one of the species 
involved in the Corey-Gross enolization protocol.17 Approach of 
a ketone to the unsolvated, but highly sterically crowded, Li(I) 
offers a rationalization of the observed high stereoselectivity, at 
least at low percent conversions. The solution behavior and 
reactivity of 1 are currently under investigation. 
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