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3.4: Organolithium Compounds

One of the major uses of lithium is in the synthesis of organolithium compounds, RLi. They have great importance and utility in
industry and chemical research. Their reactivity resembles that of Grignard reagents, but they are generally more reactive.

Synthesis
The best general method for RLi synthesis involves the reaction of an alkyl or aryl chloride with lithium metal in benzene or an
aliphatic hydrocarbon (e.g., hexane), (3.4.1).

RCl+2Li — RLi + LiCl (3.4.1)
While it is possible to use diethyl ether (Et,0), the solvent slowly attack the resultant alkyl lithium compound, (3.4.2).

Et,0+" BuLi — EtOLi + H,C=CHy+" BuH (3.4.2)

Metal-hydrogen exchange, (3.4.3), metal-halogen exchange, (3.19), and metal-metal exchange can also be used, (3.4.4).

RH+RLi— R H+RLi (3.4.3)
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(3.19)

2Li+ RyHg— 2RLi+ Hg (3.4.4)

All organolithium compounds are produced as solutions and are hence used in synthetic protocols by volume of solution. It is
therefore important to know the exact concentration of RLi in solution. The simplest approach to quantify the amount of
organolithium is to react a known volume with water, (3.4.5), and then titrate (with acid) the resultant base that is formed.

RLi+ H,0 — LiOH + RH (3.4.5)

However, while the concentration of freshly prepared samples of organolithium reagents can the theoretically measured in this way,
real samples always contain some amount of LiOH or other bases. A simple titration inevitably results in an over estimation of the
organolithium reagent. To overcome this a double titration method is used.

Gillman double titration method

The careful addition of a known volume of an organolithium reagent solution (between 0.5 and 1.5 mL) to an excess of water
yields a solution of LiOH that can be titrated with a standardized solution of hydrochloric acid, using phenolphthalein as the
indicator. The presence of any LiOH in the original organolithium solution will be incorporated into this titration, and thus the
result will be a measure of the total base content in the solution, i.e., (3.4.6).

Total base content = LiOH formed from the reaction of RLi with H O (3.4.6)
+ LiOH present as impurity in the RLi solution

In order to determine the amount of LiOH present as impurity in the organolithium solution it is necessary to react the RLi without
the formation of base, then titrate the resulting solution. To do this, an aliquot (the same amount as used before) of the
organolithium is reacted slowly with 1,2-dibromoethane (BrCH,CH,Br) dissolved in dry diethyl ether (Et;O). After 5 min of
stirring, the solution is diluted with an excess of water and then titrated with a standardized solution of hydrochloric acid, again
using phenolphthalein as the indicator. The dierence of the two titrations gives the exact concentration of the organolithium.

An aliquot of nBuLi in hexanes (0.50 mL) was added to degassed water (20 mL). After any visible reaction had ceased, a few
drops of a phenolphthalein solution in water/methanol are added resulting in a pink color indicative of a basic pH. The
resulting mixture is titrated with standardized hydrochloric acid ([HCI] = 0.1034 N) until complete disappearance of the pink
color (7.90 mL).

A second aliquot of nBuLi in hexanes (0.50 mL) is added to 1,2-dibromoethane (0.20 mL, Et20). After 5 min of stirring, the
mixture was diluted with water (20 mL) and after addition of the phenolphthalein indicator titrated (with vigorous stirring due
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to the biphasic nature of the system) with standardized hydrochloric acid ([HCI] = 0.1034 N) until complete disappearance of
the pink color (0.25 mL).
The concentration of nBuLi is calculated as follows:
Step 1.
1 HCI x [HC1 . .1034
[tota] base] = vorume = [ ] = D LI =1.633 (347)
volume "Buli 0.50
Step 2.
volume HC1x [HC]] (.25 x 0.1034
idual = = =0.01 A.

[residual base] ~olome "Buli 050 0.013 (3.4.8)
Step 3.

["BuLi] = [total base] — [residual base] =1.633 —0.013 =1.620M (3.4.9)

Properties

Alkyl lithium compounds are either low melting solids or liquids, and often with high volatility (depending on the substituent) due
to the covalent nature of the bonding. They are soluble in aliphatics, aromatics, and ethers. However, while the reaction with ethers
is generally slow, (3.17), alkyl lithium compounds can polymerize tetrahydrofuran (THF).

Organolithium compounds react rapidly with air and water (both vapor and liquid). The reaction with water is the basis of the
Gillman double titration method for determining the concentration of organolithium reagents in solution.

Structure

The structure of organolithium compounds is dominated by their highly oligomeric nature as a result of 3-center 2-electron
bridging bonds. In all cases the extent of oligomerization is dependant on the identity of the alkyl (or aryl) group. The alkyl-bridged
bond is similar to those found for beryllium and aluminum compounds.

In the vapor phase any particular organolithium derivative show a range of oligomeric structures. For example, the mass spectrum
of EtLi shows ions associated with both tetramers (e.g., [Et3Lis]") and hexamers (e.g., [EtsLig]"). The structures of the different
oligomers have been predicted by molecular orbital calculations (Figure 3.4.3.20).
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Figure 3.4.20: Proposed vapor phase structures for various oligomers of RLi.

Solution molecular weight measurements indicate the oligomerization is present (in the absence of a coordinating ligand such as
Et,0 or an amine). The extent of oligomerization depends on the steric bulk of the alkyl group (Table 3.4.3.16). Oligomerization
and solution structures have also been investigated by “Li and !3C NMR spectroscopy.

Table 3.4.3.16: Extent of oligomerization (n) for organolithium compounds [RLi], in benzene solution.

R [RLil, R [RLi],

Me 4 Et 6
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R [RLil, R [RLi],

"Bu 6 Bu 4

There are a large number of X-ray crystallographically determined structures for organolithium derivatives. The archetypal
example is MeLi, which exists as a tetramer in the solid state (Figure 3.4.3.21). The lithium atoms are arranged as a tetrahedron
and the carbon atoms are positioned on the center of the facial planes, i.e., the carbon is equidistant from each of the lithium atoms.
In contrast, EtLi has a similar tetrahedral structure, but the a-carbon of the ethyl groups are asymmetrically arranged such that it is
closer to one lithium atom than the other two.

This page titled 3.4: Organolithium Compounds is shared under a CC BY 3.0 license and was authored, remixed, and/or curated by Andrew R.
Barron (CNX) via source content that was edited to the style and standards of the LibreTexts platform.
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