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Foreword 

There is a vast and often bewildering array of synthetic methods and reagents 

available to organic chemists today. Many chemists have their own favoured 

methods, old and new, for standard transformations, and these can vary con¬ 

siderably from one laboratory to another. New and unfamiliar methods may 

well allow a particular synthetic step to be done more readily and in higher 

yield, but there is always some energy barrier associated with their use for 

the first time. Furthermore, the very wealth of possibilities creates an 

information-retrieval problem. How can we choose between all the alter¬ 

natives, and what are their real advantages and limitations? Where can we 

find the precise experimental details, so often taken for granted by the 

experts? There is therefore a constant demand for books on synthetic 

methods, especially the more practical ones like Organic Syntheses, Organic 

Reactions, and Reagents for Organic Synthesis, which are found in most 

chemistry laboratories. We are convinced that there is a further need, still 

largely unfulfilled, for a uniform series of books, each dealing concisely with 

a particular topic from a practical point of view—a need, that is, for books 

full of preparations, practical hints and detailed examples, all critically 

assessed, and giving just the information needed to smooth our way pain¬ 

lessly into the unfamiliar territory. Such books would obviously be a great 

help to research students as well as to established organic chemists. 

We have been very fortunate with the highly experienced and expert 

organic chemists who, agreeing with our objective, have written the first 

group of volumes in this series, Best Synthetic Methods. We shall always be 

pleased to receive comments from readers and suggestions for future 
volumes. 

A.R.K., O.M.-C., C.W.R. 
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Preface 

My aim in compiling this book has been to include only reliable, well- 

described procedures, whether as detailed examples or as entries in the tables. 

In my task I have been helped by colleagues from other institutions, who have 

generously provided me with excellent experimental details. I also thank col¬ 

leagues at Salford and members of my research group, who have confirmed 

the reliability of many of the procedures from their own experience. All 

chemists are of course greatly indebted to the submitters, checkers and 

editors of Organic Syntheses and Inorganic Syntheses for publishing checked 
procedures. 

In cases where the expertise of others has not been available to me I have 

relied on my own judgement of published procedures. If my judgement has 

been at fault, I shall be grateful for any relevant information. 

B. J. Wakefield 

Salford 
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1 
Introduction 

Organolithium compounds are such versatile and widely used reagents for 

organic synthesis that only a very limited selection of reactions and pro¬ 

cedures can be described within a modestly sized book. Nevertheless, the 

examples have been chosen to be representative of the most important types 

of reaction. These include not only the fundamental carbon-carbon bond¬ 

forming reactions, but also reactions for introducing a wide range of func¬ 

tional groups. For further information on the chemistry of organolithium 

compounds, including discussions of their structures and constitution and of 

the mechanisms of their reactions, the following major sources may be con¬ 

sulted. These works are referred to in later chapters as General Refs A-D. 

A B. J. Wakefield, The Chemistry of Organolithium Compounds, 
Pergamon, Oxford, 1974. 

B Methoden der Organischen Chemie (Houben-Weyl), Vol. XIII/1, 4th 
edn, Thieme, Stuttgart, 1970. 

C M. Schlosser, Polare Organometalle, Springer, Berlin, 1973. 

D (i) J. L. Warded, Chapter 2, and (iii) B. J. Wakefield, Chapter 44, in Com¬ 
prehensive Organometallic Chemistry, ed. G. Wilkinson, Pergamon, 
Oxford, 1982. 

Basic information on the more important individual organolithium com¬ 
pounds is listed, with leading references, in General Ref. 

E Dictionary of Organometallic Compounds, ed. J. Buckingham, 
Chapman and Hall, London, 1984. 

The chemistry of organolithium compounds is still developing rapidly, and 

new applications are continually being reported. Recent developments are 

reviewed annually in the Annual Surveys of the Journal of Organometallic 

Chemistry and, more briefly, in the Specialist Periodical Report, Organo¬ 

metallic Chemistry of the Royal Society of Chemistry. The Dictionary of 

Organometallic Compounds (general reference E) is also supplemented 
annually. 

1 





2 

General Considerations in the Application of 
Organolithium Compounds in Organic and 

Organometallic Synthesis 

2.1. CONSTITUTION AND REACTIVITY OF 
ORGANOLITHIUM COMPOUNDS 

Considering their reactivity (and in some cases their thermal instability), a 
surprising number of organolithium compounds have been obtained as pure 
liquids or crystalline solids. Examples of their physical properties are listed 
in General Refs A and D(i), and a more extensive listing is given in General 
Ref. E and supplements. Recent work on the often remarkable structural 
features of organolithium compounds has been reviewed (1-3). However, 
when they are employed in synthesis, organolithium compounds are almost 
invariably prepared and used in solution. 

Many organolithium compounds are soluble in hydrocarbons; important 
exceptions are methyllithium and phenyllithium. In hydrocarbon solution 
they are associated; for example, n-butyllithium in cyclohexane is largely 
hexameric, and t-butyllithium is tetrameric in the same solvent. The bonding 
in the associated species is electron-deficient, so that in their reactions they 
can behave, paradoxically, as both electron-poor reagents (Lewis acids) and 
as carbanionoid reagents (Bronsted bases, nucleophiles). 

A Lewis base can interact with an organolithium oligomer simply by co¬ 
ordination with the electron-deficient framework, but very often it causes a 
decrease in the degree of association. In general, the stronger the electron 
donor, the lower the resulting degree of association, and with very strong 
donors, particularly difunctional donors, even monomeric complexes may 
result. Thus methyllithium, which is tetrameric in the solid phase, becomes 
a solvated tetramer in diethyl ether; and n-butyllithium, hexameric in hydro¬ 
carbons, becomes tetrameric in diethyl ether. In the more strongly basic 
THF, recent low-temperature studies have shown n-butyllithium to have a 
degree of association between dimeric and trimeric at -108°, and phenyl¬ 
lithium to be between monomeric and dimeric (4). The complexes of 

3 



4 2. GENERAL CONSIDERATIONS 

organolithium compounds with strong, difunctional electron donors such as 

TMEDA and DABCO are often comparatively insoluble, so, although the 

structures of several have been determined by X-ray crystallography, little 

is known about their degree of association in solution. 

The effect of the solvent and/or the presence of electron donors may be 

summarized, in an admittedly over-simplified form, as follows. In a hydro¬ 

carbon solvent, and in the absence of electron-donating ligands, the electron 

deficiency of the reagent is maximized. This factor may, for example, be 

important in determining the stereochemistry of the polymerization of 

dienes, initiated by organolithium compounds (see General Ref. A for a brief 
account). 

The effect of electron donor solvents or additives is to reduce the electron 

deficiency of the reagents, while at the same time increasing their car- 

banionoid character, and thus both their nucleophilicity and their basicity. 

The latter effect is particularly manifested in the promotion of metallation 

by additives such as TMEDA (see Section 3.2). In the extreme case, ion pairs 

of carbanions and solvated lithium ions are probably present in solutions, 

though in the solid state there is a close association between lithium and the 
“carbanion” even when the latter is delocalized. 

There is growing evidence for a single-electron-transfer component in 

some “nucleophilic” reactions of organolithium compounds. Such path¬ 

ways are also promoted by cation-solvating solvents or additives, both by 

increasing the carbanionic character of the reagents and by solvating elec¬ 

trons. For example, the promotion of conjugate addition of organolithium 

compounds to a/3-unsaturated carbonyl compounds by the presence of hexa- 
metapol (see p. 72) may be attributed to such effects. 

2.2. PRACTICAL CONSIDERATIONS 

2.2.1. Choice of Solvent 

Besides the “chemical” factors outlined above, some “practical” factors 

have to be taken into account in choosing the solvent for an organolithium 

reagent. The solvent should be easily purified and freed from water and 

peroxides. It should have an appropriate boiling point or—usually more 

important—a low-enough freezing point. And it should not itself react with 
organolithium compounds. 

The physical properties of the most useful solvents for organolithium com¬ 

pounds are listed in Table 2.1, and comments on the individual solvents 
follow. 



2.2. PRACTICAL CONSIDERATIONS 5 

TABLE 2.1 

Solvents for Organolithium Reactions 

Solvent b.p. m.p. 

Pentane 36° - 129° 
Hexane 69° -94° 
Benzene 80° 5.5° 
Diethyl ether 34.5° -116° 
THF 64-5° -65° 
DME 82-3° -58° 
Triethylamine 89° - 115° 
TMEDA 122° -55° 
Hexametapol 232° 7° 

Aliphatic hydrocarbons are inert, and easily purified and dried. Besides 

those listed, others and mixed “light petroleum” fractions may be used. The 

isomeric butyllithiums are commercially available in these solvents. How¬ 

ever, aryllithium compounds, methyllithium, and reagents such as LDA are 

insoluble in aliphatic hydrocarbons in the absence of electron-donating 
ligands. 

Aromatic hydrocarbons are also easily purified and dried, but toluene is 

relatively easily lithiated, and benzene is dangerously toxic and cannot be 

used at low temperatures. They may, however, be useful in particular cases 

where the presence of ethers etc. is undesirable and the solubility of the 

organolithium compound in aliphatic hydrocarbons is too low. For example, 

ethyllithium is considerably more soluble in benzene than in pentane. 

Ethers are the most commonly used solvents for organolithium reactions. 

Diethyl ether is a good general-purpose choice. Most organolithium com¬ 

pounds are soluble in it, and it is not in most cases too rapidly cleaved by 

them; it may be used at low temperatures; and it is a convenient solvent for 

conventional work-up procedures. In many cases it is adequately dried by 

sodium wire, and its high vapour pressure at room temperature creates a 

“blanket” over the surface of the solution, which sometimes makes pro¬ 

vision of a nitrogen or argon atmosphere unnecessary. Nevertheless, for low 

concentrations of organolithium compounds or for work at low tempera¬ 

tures, drying and handling procedures like those described below must be 

used. The hazardous properties of diethyl ether—its flammability, proneness 

to the formation of peroxides, and toxicity—are well known, and appro¬ 

priate safety precautions should be taken. 

When a more strongly Lewis-basic solvent is required, THF is the most 

widely used alternative to diethyl ether. It does, however, suffer from 

some disadvantages. It is much more readily attacked by organolithium 



Fig. 2.1. Stills for preparing dry THF and other solvents. 



2.2. PRACTICAL CONSIDERATIONS 7 

compounds than diethyl ether; its freezing point is only just above the tem¬ 

perature of evaporating solid carbon dioxide; and it is much less easily dried, 

and more hygroscopic, than diethyl ether. Drying procedures that have been 

found satisfactory for THF include distillation from lithium aluminium 

hydride, organolithium compounds (or Grignard reagents), or benzo- 

phenone ketyl. The last, used in a “THF still” is favoured by the present 

author. Various designs of THF still (which may be used or adapted for other 

solvents) are available. Two good ones are shown in Fig. 2.1. It is important 

that the THF used in the still should not be too wet; it should be predried 

with, for example, anhydrous magnesium sulphate followed by sodium wire. 

The predried solvent is placed in the flask A, together with benzophenone. 

Sodium or, better, potassium chips are added. When any initial effervescence 

has ceased the flask is heated, and the refluxing THF is returned to flask A 

via the three-way tap B. When the THF is dry, the intense blue colour of 

benzophenone ketyl develops, and the remaining pieces of sodium or 

potassium should have a bright surface. The tap B is then shut, and dry THF 

collects in the reservoir C. When reservoir C is full, condensate overflows and 

returns to the flask A. The second outlet from the tap B is connected to the 

apparatus to be used for the reaction, and the required volume of THF is 

transferred. Alternatively, small volumes of dry THF may be transferred by 
syringe via the septum D. 

Of the many other ethers that have been or could be used as solvents for 

organolithium reactions, only DME warrants special mention. As a diether, 

its chelating properties can confer the same kind of activation as TMEDA, 

but to a lesser degree. It should be noted that aromatic ethers such as anisole 

are not usable as solvents for organolithium reagents, owing to their ready 
(netallation (see Section 3.2). 

Tertiary amines have been comparatively little used as solvents for organo¬ 

lithium compounds, though triethylamine probably warrants further trials. 

Pyridine cannot be used, as it is readily alkylated by organolithium com¬ 

pounds (see Section 5.2). TMEDA is more commonly used as an additive 

than a solvent: one molar equivalent is normally sufficient to exert the 

required activating effect, and an excess is susceptible to metallation (5). 

Hexametapol* is also attacked by organolithium compounds (6), but it is 

a particularly good promoter of single-electron-transfer reactions, so it is 

commonly used as a co-solvent (see below) rather than an additive. NB: 
Hexametapol is a suspected carcinogen. 

Mixed solvent systems. It will be apparent from the discussion above that 

there are quite severe limitations on the use of certain solvents for organo¬ 

lithium compounds. Fortunately it is often possible to make use of the 

*See note in List of Abbreviations (p. xvii). 
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desirable properties of these solvents, while minimizing their drawbacks, by 

using them in admixture with other solvents. For example, LDA is insoluble 

in hydrocarbons and rapidly cleaves THF, but may be stored for prolonged 

periods in THF-hydrocarbon mixtures (see p. 35). Similarly, hexametapol 

is useful for promoting conjugate addition of organolithium compounds to 

a/3-unsaturated carbonyl compounds, but as well as being liable to cleavage 

it freezes at 7°. However, hexametapol-THF mixtures can be used satisfac¬ 

torily at low temperatures (7). 

Mixed solvent systems are also the key to working at very low tempera¬ 

tures, where it is important not only that the reaction medium should remain 

liquid, but that its viscosity should remain low. A particularly useful com¬ 

bination is the “Trapp mixture’’, a 4 : 4 :1 mixture of THF, diethyl ether and 

pentane (or hexane or light petroleum) (8). 

2.2.2. Reactions at Low Temperatures 

Reactions of organolithium compounds are often carried out at low tem¬ 

peratures—sometimes very low temperatures. Unfortunately, however, the 

published experimental details frequently give inadequate or inaccurate 

information on the true temperature at which a reaction takes place. In par¬ 

ticular it is often stated that a reaction is carried out at - 78°—the sublima¬ 

tion temperature of carbon dioxide at atmospheric pressure; this often means 

merely that the reaction vessel is immersed in a solid carbon dioxide- 

acetone bath, rather than that the internal temperature is -78°. In the 

experimental procedures recorded in this book, the statements in the primary 

literature have had perforce to be repeated, but with honourable exceptions 

they should be regarded with some reservations. The present author hopes 

that research workers, referees and editors will in future insist on internal 
temperatures being recorded. 

TABLE 2.2 

Solvents for Cooling Slush Baths 

Solvent Temperature of slush 

Tetrachloromethane -23° 
Chlorobenzene -45° 
Chloroform -63° 
Ethyl acetate -84° 
Hexane -94° 
Methanol -98° 
Methylcyclohexane - 126° 
Pentane - 131° 
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Besides solid carbon dioxide-acetone baths, and for temperatures below 

- 78°, convenient cooling baths include solvents cooled to a slush by stirring 

with liquid nitrogen; a selection is listed in Table 2.2 (and see also Table 2.1 
and Ref. (9)). 

For those with generous equipment budgets, immersion coolers are now 
available giving temperatures as low as - 100°. 

2.2.3. Inert Atmospheres 

For precise physico-chemical work, and for particular applications where 

traces of alkoxides may have significant effects, it may be necessary to 

employ vacuum-line techniques, rigorously purified atmospheres in glove 

boxes, and the like.* For most preparative applications, however, a sufficient 
degree of protection is achieved simply by maintaining a slight positive 

pressure of an inert gas over the reaction mixture. (Nevertheless, the present 

author would not recommend the over-relaxed attitude of a research student 

who, when caught in the act of pouring butyllithium from an open graduated 

cylinder, replied that approximately 100 litres of air would be required to 

react with one mole of butyllithium, so that the exposure he was giving his 
solution was insignificant!) 

The cheapest form of inert atmosphere is “white spot” nitrogen, used 

directly from the cylinder without purification. While this is satisfactory for 

most experiments, it is preferable to use argon, particularly for preparations 

using lithium metal, whose surface becomes tarnished by a nitride film in 
contact with nitrogen. 

Fig. 2.2. Inert-gas bubblers. 

For information on such techniques see e.g. Refs (10) and (II). 
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Balloon 

Rubber tubing 

Syringe needle 

Septum 

Fig. 2.3. Balloon method for maintaining an inert atmosphere. 

To preserve an inert atmosphere in apparatus, it is best to maintain the 

internal pressure at slightly above atmospheric. An excess pressure of 

1-2 cm of mineral oil is usually sufficient, and this is conveniently ensured 

by means of a bubbler such as those shown in Fig. 2.2, attached to the 

apparatus. This is designed in such a way that if the internal pressure should 

inadvertently fall below atmospheric (e.g. on rapid cooling), oil is not sucked 
into the apparatus and ingress of oxygen is minimized. 

For small-scale work, a very simple device is a balloon connected to a 

syringe needle and inflated by the inert gas. The apparatus is flushed with 

the inert gas, the septum fitted, and the needle inserted, as shown in Fig. 2.3. 

However, the use of a balloon is not recommended for prolonged reactions, 

since oxygen can diffuse into the balloon to equilibrate the partial pressures. 



2.2. PRACTICAL CONSIDERATIONS 11 

2.2.4. Storage and Transfer of Organolithium Compounds; 
Safety Precautions 

As organolithium compounds react vigorously, or sometimes violently,* 

with water and oxygen, they must be stored and transferred out of contact 

with both. As noted in the previous section, this is most easily accomplished 

by handling them under a blanket of nitrogen or argon. Commercial organo¬ 

lithium compounds are supplied in bulk in cylinders or tanks, and on a 

smaller scale in bottles fitted with sealed caps containing septa. In each case 

dead space in the container is filled with an inert gas. In order to transfer 

organolithium compounds from these containers (or from flasks in which 

they have been prepared in the laboratory) to reaction vessels or to smaller 

intermediate storage containers, use may be made of the pressure of the inert 

atmosphere. In the case of cylinders and tanks, manufacturers provide 

detailed procedures (see also Ref. (12)). On an intermediate scale, the vessels 

concerned are interconnected by a tube, which can be flushed with gas and 

then dipped below the surface of the solution, which is forced over by gas 

pressure or syphoned (Fig. 2.4). A very convenient form of connecting tube 

for fairly small quantities is a flexible double-ended hollow needle, which can 
be passed through septa at each end (Fig. 2.5). 

For intermediate storage, modified Schlenk tubes (Fig. 2.6) may be used. 

The version with a burette side-arm is particularly convenient for dispensing 
a measured volume to a reaction vessel. 

For small-scale transfer the syringe-and-septum method is routinely used. 

The following procedure is recommended. 

(i) The syringe is flushed with inert gas. 

(ii) If the organolithium solution is being withdrawn from a closed vessel, 

a positive internal pressure is maintained by passing inert gas through 

the septum. (Alternatively, the syringe is filled with inert gas, which 

is forced into the vessel before the solution is withdrawn.) 

(iii) Slightly more than the required volume of solution is drawn into the 

syringe. The tip of the needle is then raised above the surface of the 

solution, and some inert gas is drawn into the syringe. 

(iv) The syringe is withdrawn and immediately inverted, and the plunger 

is advanced until the barrel is just filled by the solution. 

*The danger of auto-ignition of organolithium compounds on exposure to the atmosphere 

varies with the identity of the compound and with such factors as the nature of the solvent, the 

concentration and the humidity. Rigorous comparative studies have not been published, but 

rough guidelines to the degree of hazard for n-butyllithium in hydrocarbon solvents are sum¬ 

marized in Table 2.3; s- and t-butyllithium are even more hazardous. 
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TABLE 2.3 

Pyrophoricity of n-Butyllithium in Hydrocarbon Solvents (13) 

1. Concentrations of 15% or less of n-butyllithium in pentane, hexane, cyclohexane, 
or heptane are considered flammable and of low degree of pyrophoricity. Most 
commercial applications use 15% solutions for reduced hazard in handling. 

2. Usually, but not always, solutions at 20% concentration or less will not ignite 
immediately and spontaneously at normal room temperature and relative 
humidities below 70%. 

3. Concentrations above 25% are usually pyrophoric under any practical range of 
humidity. 

4. Concentrations in the range of 50-80% are considered most hazardous, with a 
peak in pyrophoricity in the range 60-75%. Such solutions ignite immediately on 
exposure to air. 

5. From 80 to 92% the probability of immediate spontaneous ignition tends to 
decrease slightly owing to the decreasing amount of solvent that is considered sup¬ 
portive “flammable fuel”. 

6. Increase in relative humidity increases the probability for spontaneous ignition. 

7. Increase in the flashpoint of the hydrocarbon solvent tends to decrease the 
probability of spontaneous ignition. For example flashpoints of common solvents 
increase as follows: 

n-pentane -40 
n-hexane -22' 
cyclohexane - 17' 
n-heptane — 4 

8. Highly volatile solvents will evaporate quickly, resulting in concentration of the 
non-volatile n-butyllithium and increasing the degree of pyrophoricity. 

9. The following conditions increase the degree of pyrophoricity (probability of 
ignition) significantly for all concentrations: 

(a) contact with water or moist materials; 
(b) contact with reactive or combustible materials (paper tissues must not be 

used to wipe up spillages!); 
(c) local overheating and ignition of solvent vapours. 

(v) The required amount of solution is dispensed into the receiver. 

(vi) The excess of solution is discharged into a quenching medium (e.g. 

an acetone (or ethyl acetate)-hydrocarbon mixture), and the syringe 

is immediately flushed out, disassembled, cleaned, and dried. 

(Lithium hydroxide and alkoxides can rapidly “seize” syringes, taps, 
stoppers, etc.) 

Despite the greatest care in keeping and using organolithium compounds 

under safe conditions, accidents may happen. Appropriate precautions must 



Fig. 2.4. Transfer of organolithium solution under inert atmosphere: A, storage 
flask; B, receiving flask; C, inert gas in; D, transfer tube; E, sleeve; F, to bubbler. 

Inert gas 

I 

Fig. 2.5. Transfer by means of a double-ended needle. 



pi 

Fig. 2.6. Modified Schlenk tubes. 

Fig. 2.7. Typical assembly for an organolithium reaction. For reactions in boiling 
solvent the thermometer is replaced by a condenser. 
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therefore always be taken. Personal protective clothing and safety spectacles 

should be worn. Experiments should be conducted behind screens. Dishes to 

catch spillages should be provided. In case of fire, EXTINGUISHERS 

USING WATER OR HALOGENATED HYDROCARBONS MUST NOT 

BE USED. For small laboratory-scale fires carbon dioxide extinguishers may 

be usable, but the most generally satisfactory extinguishers for organo- 
lithium fires are the dry-powder type. 

Fig. 2.8. Typical assembly for a small-scale organolithium reaction. 
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2.2.5. Typical Assemblies for Reactions 

Two typical assemblies of apparatus are shown in Figs 2.7 and 2.8. 

Assemblies of these types can be readily adapted to accommodate variations 

in procedures and the particular models of equipment available. 

2.3. DETECTION AND ESTIMATION OF 
ORGANOLITHIUM COMPOUNDS 

2.3.1. Detection 

Gilman Colour Tests 

For detecting the presence of an organolithium compound (for example for 

checking whether any remains at the finish of a reaction) Gilman’s Colour 

Test 1 is convenient: 

(4-Me2NC6H4)2C=0 + RLi -» (4-Me2NC6H4)2C(R)OLi 

(i) H2Q 

(ii) E, AcOH 
[(4-Me2NC6H4)2CR]® Ie 

A sample (0.5-1 ml) of the test solution is added to an equal volume of a 

1% solution of Michler’s ketone, 4,4'-bis(dimethylamino)benzophenone, in 

dry benzene. A few drops of water are added, and the mixture is shaken.* 

A few drops of an 0.2% solution of iodine in glacial acetic acid are added, 
resulting in the formation of a blue or green colour. 

Gaidis proposed two modifications, to distinguish between alkyl- and 
aryllithium compounds (15). 

(a) Following hydrolysis, the solution is buffered to pH 9 by the addition 

of 20% aqueous catechol (1-2 ml). A few drops of 0.5% iodine in benzene 

are added and the solution is shaken. A green to blue colour in the organic 

layer indicates the presence of an aryllithium compound. The mixture is then 

acidified with acetic acid to reveal the presence of an alkyllithium compound. 

(b) Following hydrolysis the solution is acidified with acetic acid (5-15 

drops). 20% aqueous sodium bisulphite is added; aryl- but not alkyllithium 
compounds give a green colour. 

Gilman’s Colour Test 2 (16) which also distinguishes alkyl- from aryl¬ 

lithium compounds, depends on the rapid metal-halogen exchange of the 

* Aerial oxidation sometimes leads to the formation of the blue-green colour at this stage. 
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former with 4-bromo-/V,,/V-dimethylaniline: 

4-BrC6H4NMe2 + RLi —~ 4-LiC6H4NMe2 + RBr 

4-LiC6H4NMe2 [Ph2CC6H4NMe2]® 

The solution to be tested (0.5—1 ml) is added to an equal volume of a 

15% solution of 4-bromo-A^,7V-dimethylaniline in dry benzene. A 15% solu¬ 
tion of benzophenone in dry benzene (1 ml) is added. After a few seconds, 

water is added and then the mixture is acidified with concentrated hydro¬ 

chloric acid. A positive result is indicated by a red colour in the aqueous layer. 

2.3.2. Estimation 

Mote. High-precision analyses involving lithium or organolithium com¬ 

pounds are not normally required for preparative work, and in any case 

volumetric methods are normally used. However, it should be noted that the 

atomic weight of commercially supplied lithium may differ appreciably from 

the natural-abundance” value of 6.94, owing to the selective removal of one 

isotope (usually 6Li) for nuclear energy purposes (17). Commercial lithium 
may also contain a variable proportion of sodium. 

For routine, non-critical estimations of freshly prepared solutions of 

organolithium compounds in hydrocarbon solvents, an aliquot of the test 

solution may be added to water and then titrated with standard acid. 

However, this simple determination of total base will give a high estimate if 

lithium hydroxide (from hydrolysis of the organolithium compound) or 

alkoxide (from oxidation or from cleavage of an ethereal solvent) are present. 

The best-established methods for estimating organolithium compounds in 

the presence of lithium hydroxide or alkoxides are the Gilman double titra¬ 

tion and its variants. In these, total base is first determined. An aliquot of 

the test solution is then treated with an organic halide of sufficient reactivity 

to convert the organolithium compound into non-basic lithium halide while 

leaving any hydroxide or alkoxide unchanged for a second titration. Gilman 

originally used benzyl chloride (18), but 1,2-dibromoethane and allyl 

bromide have been reported to be more generally satisfactory (19, 20). Con¬ 

ditions can be established that give precise, reproducible results in particular 

cases; the ASTM method for assaying n-butyllithium in hydrocarbon solu¬ 
tions is an example (21). 
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Estimation of n-butyllithium in hydrocarbons by Gilman double titration 

This procedure is based on Ref. (21), which gives a more detailed modus 

operandi. 
(a) An aliquot of the test solution (3.0 ml) is added by syringe to hexane 

(20 ml) in a 250 ml conical flask. (If greater precision than that afforded by 

a graduated syringe is required, the amount of sample is measured by 

weighing the syringe before and after delivery.) Water (35 ml) is added, drop- 

wise at first, with swirling. The mixture is titrated with 0.1 m HC1 to pH 7. 

(b) A dry container (flask or serum bottle) is flushed with nitrogen and 

closed with a serum cap. Benzyl chloride (4 ml) and dry diethyl ether (10 ml) 

are injected by syringe. An aliquot of the test solution (4.0 ml) is added by 

syringe. The container is shaken, then allowed to stand for a minute or so. 

The closure is removed, and it and the neck of the container are rinsed into 

the container with water from a wash bottle. Water is added to a total of ca 

40 ml. The mixture is titrated to a pink endpoint (methyl orange) with 0.1 m 

HC1. 
Because of the difficulty of establishing standard conditions for the double 

titration procedure, applicable to a variety of organolithium compounds and 

solvents (see Ref. (22) for a detailed review), many attempts have been made 

to devise alternative methods, not subject to interference by other bases, 

using a range of volumetric, gravimetric, spectroscopic, and thermometric 

techniques (see Ref. (22) and General Ref. A). Of these, several simple 

titrimetric procedures have been found to be reasonably general, and ade¬ 

quate for most routine use. Examples are listed in Table 2.4. All the indi¬ 
cators listed are commercially available. 

TABLE 2.4 

Direct Titration of Organolithium Compounds 

Indicator Titrant Notes Ref. 

Triphenylmethane in DMSO Benzoic acid (23) 
1,10-Phenanthroline or 2,2'-biquinoline Butan-2-ol (a) (24) 
Diphenylacetic acid (b) (25) 
Biphenyl-4-ylmethanol (b) (26) 
2,5-Dimethoxybenzyl alcohol (b) (27) 
1,3-Diphenylacetone tosylhydrazone (b) (28) 
N-Phenyl-l-naphthylamine Butan-2-ol (c) (29) 
jV-Benzylidenebenzylamine Butan-2-ol (c) (30) 

(a) Ethers interfere. 
(b) The indicator is also the titrant. 
(c) Back-titration, after reaction of the test solution with an excess of the indicator. 
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Preparation of Organolithium Compounds 

Several organolithium reagents are made commercially, some of them on a 

considerable scale;* n- and s-butyllithium in hydrocarbon solvents, for 

example, are sold in tonnage quantities. The majority are prepared by the 

reaction of organic halides with lithium metal (Section 3.1.1), but metal- 

halogen exchange (3.1.3) and metallation (3.2) are also used. They are nor¬ 
mally sold as solutions in hydrocarbons or ethers. 

The list of organolithium compounds on sale as laboratory reagents varies 

from time to time, but some, offered in 1986-87, are shown in Table 3.1. 

3.1. PREPARATION FROM ORGANIC HALIDES 

3.1.1. By Reaction with Lithium Metal 

RX + 2Li —> RLi + LiX 

Since organolithium compounds are made industrially by the reaction of 

organic halides with lithium, much effort has been expended on optimizing 

the yields of such reactions. The best conditions vary for specific compounds, 
but some generalizations may be made. 

(a) Although the reactivity of organic halides towards lithium is in the 

order RI > RBr> RC1 (the fluorides rarely react at all), their susceptibility 

towards Wurtz-type reactions is in the same order. Moreover, lithium 

iodide and lithium bromide are more soluble than lithium chloride in ethers. 

Thus, for highest yields and for halide-free solutions, organic chlorides are 

preferred. When initiation of the reaction is difficult, or when the presence 

* Large-scale Suppliers of Organolithium Compounds (in alphabetical order): Chemetall 

GmbH, Lithium Department, Reuterweg 14, D6000 Frankfurt 1, Federal Republic of Germany; 

Foote Mineral Company, Route 100, Exton, Pennsylvania 19341, USA; Lithium Corporation 

of America, 449 North Cox Road, Gastonia, North Carolina 28054, USA; Lithium Corporation 

of Europe, Commercial Road, Bromborough, Merseyside L62 3NL, UK. 

21 



22 3. PREPARATION OF ORGANOLITHIUM COMPOUNDS 

TABLE 3.1 

Organolithium Compounds Sold as Laboratory Reagents 

Organolithium compound Solvent Concentration Supplier 

Methyllithium (low in halide) Diethyl ether 1.4 M {a, b, c) 
Methyllithium-lithium bromide Diethyl ether 2 M (a, b) 

complex 
Allyllithium Diethyl ether 1 M (b) 
n-Butyllithium Hexanes 1.6, 2.5 and 

10 M 

{a, b, c) 

s-Butyllithium Cyclohexane 1.3 M (a, b) 
t-Butyllithium Pentane 1.7 M (a, b, c) 
Neopentyllithium id) — (b) 
Phenyllithium Cyclohexane-diethyl 

ether (70:30) 
2 M (a) 

Phenyllithium-lithium bromide Diethyl ether 1 M (a) 
complex 

Phenyllithium-TMEDA Benzene ca. 1 m (b) 
4-Tolyllithium id) — Cb) 
Trimethylsilylmethyllithium Pentane 1.0 M (a) 
(Diphenylphosphino)methyl- (d) — (b) 

lithium-TMEDA complex 

(a) Adrich Chemical Company, P.O. Box 355, Milwaukee, Wisconsin 53201, USA, and The 

Old Brickyard, New Road, Gillingham, Dorset SP8 4JL, UK. 

(b) Ventron Alfa Products, 150 Andover Street, Danvers, Massachusetts, USA: 

Zeppelinstrasse 7, Postfach 6540, D-7500 Karlsruhe 1, FRG; University of Warwick Science 

Park, Sir William Lyons Road, Coventry CV4 7EZ, UK. 

(c) Fluka AG, CH-9470 Buchs, Switzerland. 

(d) Solid. 

of lithium halide in the solution is desired, bromides or iodides may be used. 

It should be noted that even allyl and benzyl chlorides undergo Wurtz-type 

reactions so readily that their reaction with lithium metal is not a useful 

method for preparing allyl- and benzyllithium compounds. 

(b) The lithium used should be finely divided and clean. For easily prepared 

reagents, lithium metal in rod form may be washed free from mineral oil, 

beaten into a sheet, and cut with strong scissors so that chips fall directly into 

the reaction solvent. Lithium is too hard to be extruded as wire by a standard 

sodium press, but a strong press with a wider-bore die may be used. Lithium 

metal is now commercially available as wire and shot and as a dispersion in 

mineral oil. Preparation of a dispersion in the laboratory is somewhat 

hazardous, as it involves shaking or stirring the molten metal in a high- 

boiling inert medium (7, 2). As noted in Section 2.2.3, it is desirable to use 
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an atmosphere of argon rather than nitrogen in preparations requiring a 
clean metal surface. 

(c) The presence of a small amount of sodium in lithium increases its 

reactivity toward organic halides (7,3). For particular purposes (for example 

in the preparation of certain polymerization initiators) the presence of any 

sodium is undesirable, but in most cases 1-2% sodium aids initiation while 

having little effect on the yield or on the properties of the product. Higher 

concentrations of sodium may lead to loss of yield through increasing side- 
reactions (particularly the Wurtz reaction). 

(d) The halide should be added slowly, with efficient stirring. There is 

usually an induction period, and only a small proportion of the halide should 

be added before the reaction starts. Otherwise not only will the yield be 

reduced but there will be the risk of a runaway exothermic reaction (3a). 

It has been reported that ultrasonic irradiation may aid the initiation of 
the reactions, and in some cases increase their yields (4). 

It should be emphasized that, although for highest yields (and in some 

cases for any yield at all) great attention to details is required, quite accep¬ 

table results can often be obtained by straightforward Grignard-type pro¬ 

cedures; a simple preparation of methyllithium on a three-mole scale is 

described in Organic Syntheses (5). Some representative examples follow, 
and a selection of others is listed in Table 3.2. 

t-Butyllithium 

The preparation of t-butyllithium by the reaction of lithium with t-butyl 

chloride is particularly difficult since t-butyllithium and t-butyl chloride react 

together readily to give isobutane and isobutene. The following procedure 

is that described by Smith (7). The procedures of Kamienski and Esmay (3) 

and Giancaspro and Sleiter (6) employ similar principles. 

A three-necked round-bottomed flask is fitted with a high-speed stirrer, 

pressure-equalizing dropping funnel and reflux condenser, and flushed with 

argon. Dry pentane (470 ml) and 1% sodium-lithium alloy dispersion are 

added. The mixture is heated to reflux and stirred vigorously, and the 

addition of t-butyl chloride (107 ml) containing t-butanol (0.5 ml) is begun. 

Reaction normally begins after the addition of 3-5 ml; no more than 12 ml 

should be added until the reaction has initiated. When the reaction has 

started, the remainder of the chloride is added during 3 h at such a rate that 

a gentle reflux is maintained without external heating. Stirring is continued 

for 2h, as the mixture slowly cools. The resulting slurry is filtered under 

argon pressure through a sintered-glass (4-8 /an) filter. The reaction flask is 
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rinsed with dry pentane (200 ml), which is then poured through the filter 

cake. (DANGER: the washed filter cake is pyrophoric.) The combined 

pentane solutions (475 g) contain 10.7% t-butyllithium (by Gilman titration), 

representing a total yield of 80%. 

Phenyllithium 

In contrast with t-butyllithium, the preparation of phenyllithium is straight¬ 

forward and gives high yields with minimal precautions. Phenyllithium is 

insoluble in hydrocarbons, but cleaves ethers only slowly, so it is con¬ 

veniently prepared in diethyl ether, as described by Gilman and Morton (7). 

Dry ether (500 ml) is placed in a 2 1 three-necked flask equipped with a 

stirrer, a reflux condenser carrying a nitrogen inlet, and a solids funnel, and 

flushed with nitrogen. A flow of nitrogen is maintained as lithium (29.4 g) 

is cut into small pieces, which are allowed to fall into the flask. The solids 

funnel is replaced by a dropping funnel containing a solution of 

bromobenzene (314 g) in dry ether (11). The stirrer is started and about 40 

drops of the bromobenzene solution are run into the flask. When the reaction 

begins (indicated by the contents of the flask becoming slightly cloudy), more 

bromobenzene is added until vigorous boiling begins. The flask is cooled in 

an ice bath, and the addition of bromobenzene is continued at such a rate 

as to maintain steady refluxing." After most of the bromobenzene has been 

added, the flask is removed and stirring is continued until refluxing stops. 

The mixture is decanted and/or filtered under nitrogen. The yield of such 

preparations, determined by simple titration, is 95-99%. 

"If refluxing stops, the ice bath should be removed until the exothermic reaction 
recommences. In small-scale preparations cooling is usually unnecessary, but it is 
advisable to have an ice bath at hand as a safety precaution. 

'’The preparation to this stage typically takes about 2h. 

Ethyllithium 

Ethyllithium is only sparingly soluble in pentane, and cleaves ethers fairly 

rapidly. The procedure described by Bryce-Smith and Turner gives a high 

yield in suspension in pentane (8). If a solution in a hydrocarbon is required, 

and the hazard can be tolerated, benzene may be used. If a halide-free solu¬ 

tion is required, the very finely divided precipitate is very difficult to remove 

by filtration, so centrifugation may be necessary (10). 

Lithium (2.0 g) is extruded as wire of 0.5 mm diameter directly into 

pentane (40 ml) under an atmosphere of nitrogen. The mixture is stirred 

vigorously and heated under reflux as a mixture of bromoethane (13.1 g) with 



3.1 FROM ORGANIC HALIDES 25 

TABLE 3.2 

Preparation of Organolithium Compounds from Organic Halides and Lithium Metal 

Organic halide Solvent 

Yield of corresponding 
organolithium compound 

m Ref. 

MeCl Et20 70-89° (11) 
Mel Et20 82b (12)c 
BuCl Pentane 93-98 (8C, 13) 
BuBr Et20 80-90 (14) 
Me3CCH2Cl n-Pentane 90 (15) 

Et20 85 (16) 
cycIo-C3H5Br Et20 88 (17) 
cyclo-CeHnCl Light petroleum >70 (18) 
C,0H15Clrf Pentane 82 (19)c 
Me2N(CH2)3Cl THF >90 (20) 
CH2=CHC1 THF 69-79 (21) 

Br 
/ 

Me2CH = C 
\ 

Et20 73-75 (22) 

Me 

C6H9Cle Et20 65 (23) 
CmHieCK Et20 >60 (24) 
Me3SiCH2Cl Et20 or hexane 90 (25) 

"Halide free. b Lithium iodide complex. 

‘ General procedure described, applicable to several other examples. 

d 1-Chloroadamantane. " 1-Chlorocyclohexene. /2-Chlorobornane. 

pentane (40 ml) is added dropwise during 3-4 h. Stirring under reflux is 

continued for a further 1 h. The yield of ethyllithium, as determined by 
analysis of aliquots of the stirred suspension, exceeds 90%. 
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3.1.2. By Reaction with Lithium Salts of Radical Anions 

The reaction of organic halides with lithium metal, leading to organolithium 

compounds, almost certainly involves electron transfer (/), so it is not unex¬ 

pected that under appropriate conditions electron transfer from a radical 

anion to an organic halide, with lithium as counter-ion, may also give 

organolithium compounds. With lithium naphthalene (2) yields are variable, 

but can be high with aryl chlorides (3, 4). With lithium 4,4'-di-t- 

butylbiphenyl excellent yields are reported in several cases (5, 6), and this 

reagent gives some organolithium compounds that are unobtainable by other 
methods (7, 8). 

Lithium 4,4'-di-t-buty/biphenyl (LiDBB) (5, 6, 9) 

4,4'-Di-t-butylbiphenyl (5.0 g, 18.8 mmol)" is placed in a dry 100 ml three¬ 

necked flask, flushed with argon,6 and equipped with a magnetic stirrer. Dry 

THF (62 ml) is added.c Lithium (0.11 g, 15.9 mmol) is cut into slivers in a 

rapid stream of argon emerging from the flask, the slivers being allowed to 

drop into the THF. After a few minutes an intense deep blue colour develops. 
The mixture is cooled to 0° and stirred rapidly for about 3 h. 

a It is essential to use pure 4,4'-di-t-butylbiphenyl. It may be prepared as described 
by Horne (10) and freed from traces of iron compounds by chromatography on basic 
alumina. 

6 If nitrogen is used, the nitride film on the lithium inhibits the reaction. 
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No radical anion formation occurs unless the apparatus and solvent are 
scrupulously dried. It has been reported that initiation of reactions of lithium with 
aromatic hydrocarbons is promoted by ultrasonic irradiation (11). 

7-Lithionorbornadiene (7, 9) 

The solution of LiDBB is cooled to -78° and a solution of 7-chloro- 

norbornadiene (0.67 g, 5.3 mmol) (12) in dry THF (0.5 ml) is added by means 
of a syringe. After a few minutes the blue colour is discharged. 

Subsequent reactions of the solution with deuterium oxide, carbon dioxide 

or DMF give the appropriate 7-substituted norbornadienes in isolated yields 
of up to 64%. 
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3.1.3. By Metal-Halogen Exchange 

The general reaction, 

RLi + R'X R'Li + RX 

has features that make it extremely valuable for preparing organolithium 

compounds. The equilibrium lies towards the side giving the organolithium 

compound whose organic group is better able to accommodate partial 

carbanionic character; it is thus particularly useful for preparing aryl- and 

1-alkenyllithium compounds by reaction of butyllithium with aryl and 

alkenyl halides. With iodo- and bromo-compounds the reaction is general, 

and often proceeds remarkably rapidly even at very low temperatures. It is 

less commonly satisfactory with chloro-compounds (polychloroaromatic 

compounds being a notable exception (7)), and does not normally occur with 

fluoro-compounds. The reaction is normally carried out in ether solvents, 

though it does take place (but more slowly) in hydrocarbons. 
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TABLE 3.3 

Lithium-Halogen Exchange in the Presence 
of Reactive Functional Groups (5) 

Functional group Ref. 

Ester" (6) 
Carboxylate (7, 8) 
Carboxamide (8) 
Nitrile (9) 
Epoxide (10) 
Formamido (11) 
Nitro (12) 

"Only when sterically hindered. 

Because metal-halogen exchange proceeds rapidly under mild con¬ 

ditions, potential side-reactions such as alkylation of, or elimination from, 

the organic halide are not usually troublesome. Moreover, the reaction often 

occurs at such low temperatures that even a-halogenoalkyllithium com¬ 

pounds (carbenoids) and o-halogenoaryllithium compounds (arynoids) are 

stable. It can even be carried out in the presence of functional groups nor¬ 

mally regarded as incompatible with organolithium reagents: some examples 
are listed in Table 3.3. 

Remarkably, the metal-halogen exchange reaction can compete with 

reactions of organolithium compounds with dimethyl sulphate (2) and with 

their protonation by water (tritium oxide) (3) or even an intramolecular 
carboxylic acid group (4). 

One feature of the reaction that can cause complications is the presence 

of the alkyl halide product. When the desired organolithium reagent is 

warmed for subsequent reaction it can couple with the alkyl halide, giving 

R'. Alternatively, the alkyl halide can react with a product. For example 

if a solution of 3-lithio-2-phenylbenzo [6] thiophene, prepared by the method 

described below for the parent compound, is allowed to warm to room tem¬ 

perature, the major product is the butylthio compound [1], formed as 
follows (13): 

[1] 
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This type of side-reaction may be avoided by the use of two equivalents of 
t-butyllithium (14, 15). The second equivalent rapidly reacts with the t-butyl 
halide formed to give the innocuous by-products lithium halide and isobutene. 

The early work on the metal-halogen exchange reaction has been well 
reviewed, with a selection of experimental procedures (16). Extensive tables 
are given in General Ref. A, and a selection of later examples is listed in 
Table 3.4. 

1 -Hexenyllith ium 

This procedure (15) illustrates the use of t-butyllithium for obtaining solu¬ 
tions of organolithium compounds free from alkyl halides, and also the use 
of very low temperatures. 

1-Bromohex-l-ene (1.63 g, 10 mmol) and Trapp mixture0 (24 ml) are 
cooled to - 120° by means of a light-petroleum-acetone-isopropanol- 
liquid-nitrogen slush bath, and stirred as t-butyllithium (20 mmol) in pentane 
is added dropwise during 20 min. The resulting yellow solution is stirred at 
between -120° and -110° for 2h. Solutions thus prepared have given 
products from reactions with electrophiles in yields greater than 90% 
(see p. 137). 

Another example of the preparation of a 1-alkenyllithium compound by 
metal-halogen exchange is described on p. 113. 

0 See p. 8. 

Pentachlorophenyllithium 

This procedure, which gives a useful precursor for tetrachlorobenzyne (see 
p. 168) as well as an intermediate for synthesizing a variety of organic and 
organometallic pentachlorophenyl derivatives (1) is based on that first 
reported by Rausch et al. (17) and elaborated in Organic Syntheses (18). It 
may be readily adapted to a smaller scale. 

A 5 1 three-necked flask is equipped with a stirrer, a low-temperature ther¬ 
mometer and a 500 ml pressure-equalizing dropping funnel (so placed that 
the drops fall directly into the solution) bearing a gas inlet tube at its top. 
Hexachlorobenzene (28.5 g) is placed in the flask, the apparatus is flushed 
with nitrogen and diethyl ether (600 ml) is added. The resulting suspension 
is stirred as it is cooled below - 70°. A solution of n-butyllithium (0.110 mol) 
in hexane is added to the stirred suspension during 30 min, the temperature 
being kept below - 70°. Stirring is continued for a further 90 min, as the tem¬ 
perature is allowed to rise to ca. -60°. 



TABLE 3.4 

Preparation of Organolithium Compounds by Metal-Halogen Exchange 

Metallating reagent 
Organic halide (solvent) Product (yield °?o) Ref. 

CH3H BuLi (Et20 or 
THF) CH3Li (quant.)"’b (21) 

BuCHBr2 BuLi (THF-Et20- 
pentane)c 

BuCHBrLi (64) (22) 

b/ \)SiMe3 
Bu'Li (Et20 or 
THF) 

/=\ (84) 
Li OSiMe3 

(23) 

Bu SiMe3 BunLi 
(Et20-hexane) 

Bu^_^SiMe3 (> 90) (24) 

Br 

// w Br 

Br 

_Me 

Me<^^>Br 

Me 

2-MeSC6H4Br 

4-Me3SiC6H4Br 

C6F5Br 

Br 

<y 

Br 

n XNX 
I 
SiPr'3 

Br N 

BrxN^Br 

CH2OEt 

BuLi (EtzO) 

BuLi (hexane) 

BuLi (Et20) 

BuLi (Et20) 

BuLi (Et2Q) 

BuLi (Et20 or 
THF) 

BuLi (THF) 

BuLi (Et2Q) 

Li 

Li 

2-MeSC6H4Li (89) 

4-Me3SiC6H4Li (67) 

C6F5Li (83) 

Li 

(97) O' 

Li 

N 
1 
SiPr3 

(92) 

BV-N 

Br\N^ Li (67) 

I 
CH2OEt 

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

(31) 

(32)e 



3.1. FROM ORGANIC HALIDES 
31 

TABLE 3.4—continued 

(33) 

(34) 

Q Labelled with “C. '’Yield based on radiochemical analysis. cEven less stable carbenoids have 

been prepared using s-butyllithium in the presence of lithium bromide at - 115° (55). d Reactions 

with electrophile, followed by metal-halogen exchange of remaining bromine atoms, used in 

“one-pot” syntheses of polysubstituted benzenes. eMetallation and metal-halogen exchange 
reactions of imidazoles have been reviewed (36). 

For subsequent reactions the co-reagent is usually added at - 60° to - 30°, 

and the mixture is allowed to warm until reaction occurs. Elimination of 
lithium chloride, giving tetrachlorobenzyne, is slow below 0°. 

3-Lithiobenzo[b] thiophene 

Benzo[7>] thiophene is metallated by alkyllithium compounds in the 2- 

position. For the 3-lithio-compound, therefore, metal-halogen exchange has 

to be employed. Furthermore 3-lithiobenzo[b]thiophene ring-opens rapidly 
well below 0°, so the speed of the metal-halogen exchange at low tem¬ 

peratures is again indispensable. In this procedure the bromobenzothiophene 
is added to the butyllithium rather than vice versa (19, 20). If the mode 

of addition is reversed, some 3-bromo-2-lithiobenzo[6]thiophene and 
benzo[&]thiophene are formed (20). 

A solution of n-butyllithium (0.10 mol) in hexane (ca. 45 ml) is added to 

diethyl ether (250 ml) at ca. -70°. The mixture is stirred and kept at ca. 

-70° while a solution of 3-bromobenzo[&] thiophene (21.3 g, 0.10 mol) in 

diethyl ether (250 ml) is added during 5-10 min. The mixture is stirred at 

- 70° for a further 30 min. Treatment of the resulting suspension with elec¬ 

trophilic reagents gives the appropriate 3-substituted benzo[6] thiophenes in 
yields of up to 84%. 
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3.2. PREPARATION BY METALLATION 

The replacement of hydrogen by lithium in an organic compound, 

RLi + R'H —* RH + R'Li 

is perhaps the most versatile method for preparing organolithium com¬ 

pounds. This type of reaction has been well reviewed, so only a brief account 
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of the general principles involved is given here. For comprehensive reviews 
of earlier work Refs (7) and (2) may be consulted; General Refs A and D(i) 

give much general information; and Refs (3) (“Heteroatom-facilitated lithia- 
tion”), (4) (“Directed metallation of aromatic tertiary amides”) and (5) 

( Metallation and electrophilic substitution of amine derivatives adjacent to 
nitrogen”) cover important selected areas. 

The simplest lithiations are those of relatively strong hydrocarbon acids 
(p/G ^ ca. 33) such as 1-alkynes and triarylmethanes, which may be 

regarded as straightforward acid-base reactions. However, many com¬ 

pounds whose acidity would be expected to be much lower are readily 

lithiated. This occurs notably when activation by an a- or /3-heteroatom 

increases the kinetic and/or thermodynamic acidity of a particular hydrogen 

atom (5). This type of activation is particularly useful for the introduction 

of a substituent ortho to an existing functional group or on an ortho-methyl 
group, via the organolithium intermediate: 

A selection of groups X that promote on7zo-lithiation in this way is shown 
in Table 3.5. 

As indicated in Table 3.5, some of these groups also function as protecting 

groups. It is not possible to place the directing groups in an invariable order 

of effectiveness, since the relative strengths of the groups may change in dif¬ 

ferent solvents or in the presence of additives. A fairly generally applicable 
order is that given in General Ref. D(i): -S02NR2 > -S02Ar > CONR2 > 

oxazolinyl > -CONHR, -CSNHR, CH2NR2 > -OR > -NHAr > -SR > 

-NR2 > CR20“. a potentially useful method for modifying the “normal” 
order is complexation with Cr(CO)3 (77). 

The directing effect of a substituent can sometimes override the effect of 

a ring heteroatom. For example, a thiophene may be lithiated at a /3-position, 

rather than in the usual a-position (cf. the syntheses of 2-lithio- and 
2,5-dilithiothiophene described below) (7<3): 



TABLE 3.5 

Some Groups Promoting o/Y/?o-Lithiation 

Directing group Notes Ref. 

-NR2 

-N(R)C02Li 

-N(Li)COR 

-CH2NR2 

-CON(Li)R 

-CONRz 

Protected -NHR group 

From -NHCOR; bulky R group required 

Protected -NH2 group 

From -CONHR. Protected -C02H group 

Protected -C02H group, though hydrolysis 

difficult 

(а) 
(б) 
(7) 

(a) 
(a, 5, 8) 

(a, 4, 5) 

Protected -C02H group (a) 

-OLi 

-OMe 

-OCMe3 

-OCH2OMe 

Me 

Protected -OH group 

Protected -OH group 

Protected -COMe group 

(9) 

(a) 
UO) 

(11) 

(12) 

Protected -CHO group (13) 

-SR 

-so2r 

-so2nr2 

-so2or 

-F,Cl,Br,I 

Care needed to minimize a-metallation of (14) 

R group 

(a) 

(a) 
(15) 

Reactions must be carried out at low (a, 16) 

temperature to avoid aryne formation. 

For Br and I, use of LiNR2 avoids metal- 

halogen exchange 

Many references. See General Refs and Refs (2) and (3) for examples. 
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Directed metallation can also take precedence over competing reactions, such 
as addition to 7r-deficient heterocycles (19)\ for example (7) 

NHCOBu1 

2Bu”Li 

THF,0° ‘ 
(i) E+ 

(ii) H.,0+ 

E 

NHCOBu' 

In many cases lithiation takes place readily by means of simple alkyllithium 

reagents including the most common ones commercially available, viz. 

butyllithium in hydrocarbon solvents. However, n-butyllithium is a strong 

nucleophile and thus usually incompatible with, for example, carbonyl 

groups. When such functional groups are present, reagents with high basicity 

but relatively low nucleophilicity must be employed. In some cases the 

increased steric hindrance of nucleophilic addition by s- and t-butyllithium 

enables them to be employed (for example in the o-metallation of N,N- 

dialkylbenzamides (4)). More commonly, hindered lithium dialkylamides are 
used; although their thermodynamic basicity is lower than that of butyl- 

lithium they show very high kinetic basicity. The most widely used is lithium 

diisopropylamide (LDA), but even this amide can act as a nucleophile in 

some cases (20). An even more hindered alternative is lithium 2,2,6,6-tetra- 

methylpiperidide [1] (LiTMP) (21). Lithium bis(trimethylsilyl)amide (LTSA) 
(22), (Me3Si)2NLi, though less basic, has also been found useful. 

[1] 

LDA cleaves ethers, particularly THF, quite rapidly, but it is easy to make 

it in situ from diisopropylamine and butyllithium as in the aldol reaction 

described below (see also Ref. (22a)). It is now also commercially available 

as a solid and as a stable solution in a hydrocarbon-THF mixture (23). An 

alternative method of synthesis, not requiring an organolithium compound, 

is the reaction of diisopropylamine with lithium metal in the presence of an 

electron carrier such as styrene (24). LTSA cleaves THF less rapidly than does 

LDA, and is commercially available in that solvent. LiTMP is sold as a 

suspension in diethyl ether. Other hindered lithium amides are described in 
Ref. (24a). 

The solvent used for metallation reactions may be of crucial importance. 

In general, metallation is promoted by electron-donor solvents, which by 
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coordinating with lithium both reduce the degree of association of the 

reagent and increase the polarization of the lithium-carbon (or lithium- 

nitrogen) bond. Thus metallations occur faster in ethers than in hydro¬ 

carbons, and faster in THF than in diethyl ether. Reactivity is further 

enhanced by the addition of very strong donors such as hexametapol and 

diamines such as TMEDA and DABCO. Some disadvantages of such 

solvents and additives are noted in Section 2.1.1. 

Some representative procedures for metallation are described below, and 

others are listed in Table 3.6, which may be regarded as supplementary to 

the tables of older examples given in the general references. 

One further technique that should be referred to, although it gives 

organopotassium compounds (or mixed organopotassium-organolithium 

aggregates) rather than organolithium compounds, is the use of metallating 

reagents prepared from potassium t-alkoxides and organolithium com¬ 

pounds (25). The metallation of propene by this method is described below, 

and even ethylene has been metallated in this way (26). A combination 

(“KDA”) of LDA and potassium t-butoxide is also a very powerful 

metallating reagent (27). If an organolithium compound rather than an 

organopotassium compound is desired, it may be obtained by adding lithium 

bromide to the solution or suspension of the latter. 

2-Lithio-l ,3-dithiane 

2-Lithiated 1,3-dithianes are among the most versatile acyl-anion equivalents 

(28). In the Organic Syntheses procedure (29) on which the following descrip¬ 

tion is based, sequential alkylations of such intermediates gave a spirocyclo- 
butane and thence cyclobutanone: 

Dry THF (1.25 1) and 1,3-dithiane (50 g, 0.417 mol) are added to a 2 1 

round-bottomed flask fitted with a septum and furnished with an efficient 

magnetic stirrer and an inert atmosphere. The solution is stirred and cooled 

(bath temperature -20°). n-Butyllithium (ca. 2 m in hexane, 0.430 mol) is 

added by syringe, and the bath temperature is maintained at - 10° to -20°. 

In the Organic Syntheses experiment the bath temperature was lowered to 

-75° prior to the reaction with l-bromo-3-chloropropane (see p. 110). 
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A mixed aldol reaction with cydopentanone enolate 

Because of its low nucleophilicity, LDA is the reagent of choice for generating 

lithium enoiates from ketones; the reaction occurs at temperatures suf¬ 

ficiently low for self-aldol reaction to be slow compared with mixed aldol 

reactions with aldehydes. The lithium enolate may also be used in situ to 

prepare other enoiates, such as those of boron, tin and zirconium (30). The 

following example (30) is a key step in a synthesis of prostacyclin (31): 

R = Bu'MeSi- 

A 50 ml three-necked flask is fitted with a septum, a low-temperature 

thermometer, a magnetic stirrer and means for maintaining an inert atmos¬ 

phere. The solvents and reagents are added by syringe. A solution of 

diisopropylamine (39.5 mg, 0.39 mmol) in diethyl ether (8 ml) is added, 

cooled to 0°, and kept below 3° as n-butyllithium (ca. 1.5 m in hexane, 

0.39 mmol) is added dropwise. The solution is stirred at 0° for 10 min, then 

cooled in a carbon dioxide-acetone bath. Cydopentanone (32 mg, 0.39 

mmol) is added dropwise during 2 min, and the mixture is stirred at -78° 

for 30 min. A solution of the cyclopentenylacetaldehyde [1] (185 mg, 

0.37 mmol) in diethyl ether (3 ml) is added, and the mixture is stirred at - 78° 

for 10 min. Saturated aqueous ammonium chloride (20 ml) is added, and the 

products are isolated as described in Ref. (30). 
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BenzyUithium 

Reactions of benzyl halides with lithium metal or with alkyllithium com¬ 

pounds give at best very poor yields of benzyllithium. While other routes to 

benzyllithium have been developed (32), metallation of toluene is a par¬ 

ticularly attractive method. This reaction occurs only to a small extent with 

n-butyllithium even in THF, but is rapid and almost quantitative in the 

presence of TMEDA or DABCO (33, 34): 

PhCH3 -.^1 > PhCH2Li.TMEDA 
TMEDA 

A solution of TMEDA (1.16 g, 0.01 mol) or DABCO (1.12 g, 0.01 mol) in 

dry toluene (30 ml) is placed in a flask fitted with a septum and a stirrer and 

furnished with an inert atmosphere. n-Butyllithium (ca. 1.5 m in hexane, 

0.01 mol) is added by syringe, and the mixture is stirred at 80° for 30 min. 

The benzyllithium-DABCO complex separates as bright-yellow needles. 

In the experiment described in Ref. (33), subsequent reaction with benzo- 
phenone gave the carbinol in 85% yield. 

2-Lithiothiophene and 2,5-dilithiothiophene 

Furan, thiophene and N-protected pyrroles are readily lithiated and di- 

lithiated in the ce-positions (35). Under controlled conditions (which are 

somewhat different for the different heterocycles) it is possible to obtain 

excellent yields of the mono- or dilithio derivatives, as described below for 
thiophene (35, 36). 

(a) TMEDA (1.55 g, 13 mmol)" is placed in a 50 ml two-necked flask fitted 

with a condenser, a gas inlet and a magnetic stirrer. The apparatus is 

thoroughly flushed with nitrogen, the gas inlet is replaced by a rubber 

septum, and a positive pressure of nitrogen is maintained in the apparatus 

by means of a balloon. A solution of n-butyllithium (13 mmol) in diethyl 

ether (ca. 9 ml) is added by syringe, followed by thiophene (1.06 g, 13 mmol). 

After being stirred at 25° for 30 min, the solution contains 2-lithiothiophene 

(11.7 mmol) with a little 2,5-dilithiothiophene (0.9 mmol), as determined by 

reaction with carbon dioxide followed by esterification with diazomethane. 

(b) A similar apparatus to that described in (a) is used. The flask initially 

contains TMEDA (3.88 g, 33 mmol) and a solution of n-butyllithium 

(33 mmol) in hexane (ca. 23 ml) and thiophene (1.06 g, 13 mmol) are added. 

The mixture is boiled under reflux for 30 min, and then contains 2,5- 
dilithiothiophene (12.6 mmol). 
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In THF satisfactory yields of the monolithio-derivative may be obtained in the 
absence of TMEDA. 

2-Lithio-N,N-diethylbenzamide (37) 

OnT/o-lithiation of many aromatic compounds, where the orf/to-directing • 

group is unreactive towards the metallating reagent, is usually straight¬ 

forward. However, lithiation ortho to reactive functional groups, which can 

subsequently be used for further reactions, is particularly useful (4, 38), but 
requires special care: 

OCONEtz 

Li 

TMEDA (1.92 g) is dissolved in dry THF (50 ml) in a 250 ml flask fitted 

with a stirrer, a septum and a pressure-equalizing dropping funnel, and main¬ 

tained with an atmosphere of nitrogen. A solution of 7V,A^-diethylbenzamide 
(2.66 g) in dry THF (40 ml) is placed in the dropping funnel. The solution 

in the flask is cooled to - 78° and stirred as s-butyllithium (11.0 ml of 1.5 m 

solution in cyclohexane) is added. The resulting suspension is stirred at - 78° 

as the solution of Af,N-diethylbenzamide is added dropwise. After the 
addition is complete, stirring is continued for 20 min at -78°. 

When a solution thus prepared was hydrolysed with deuterium oxide, 

2-deuterio-7V,7V-diethylbenzamide, showing 95% deuterium incorporation, 
was isolated in 88% yield (57). 

Metallation of propene by butyllithium-potassium t-butoxide reagent (39)* 

In the equations for this procedure the reagent is formulated as butylpotas- 

sium, and the product as a localized allyl derivative, purely for convenience: 

BunLi + Bu'OK —> BunK + Bu'OLi 

CH3CH=CH2 + BunK —> KCH2CH = CH2 + BunH 

KCH2CH=CH2 + LiBr —» LiCH2CH=CH2 + KBr 

n-Butyllithium (ca. 1.5 m in hexane, 0.10 mol) is diluted with THF and 

cooled to - 95 °. The solution is stirred and the temperature kept below - 80° 

as liquid propene (8.42g, 0.20 mol) is added, followed by a solution of 

* The lithiation of propene by butyllithium-TMEDA has been described by Akiyama and 
EIooz (40). 
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potassium t butoxide (11.3 g, 0.10 mol) in THF (30 ml). The temperature is 
allowed to rise to -20° during 30 min. 

The yellow suspension thus obtained could be used for further reactions, 

but in the example described (involving reaction with carbon disulphide) 

better results were obtained by converting the “allylpotassium” to allyl- 

lithium by the addition of lithium bromide. Anhydrous lithium bromide is 

prepared by heating the commercial material to 150° under 10-15 Torr 
during 15 min. 

The suspension is stirred as a solution of anhydrous lithium bromide (10.5 g, 

0.12 mol) in THF (40 ml) is added; the colour fades to a very pale yellow. 

In the experiment described, subsequent reaction with carbon disulphide 

followed by iodomethanegave 1, l-bis(methylthio)-! ,3-butadiene (80%) (39). 
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3.3. PREPARATION FROM OTHER ORGANOMETALLIC 
COMPOUNDS 

In comparison with the general methods described in the preceding sec¬ 

tions, syntheses of organolithium compounds from other organometallic 
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compounds are much less widely useful. Nevertheless, there are circum¬ 

stances in which the generally more cumbersome procedures involved are 

justified by particular requirements. For example, the reaction of lithium 

metal with a dialkylmercury compound* is a means of obtaining a completely 

halide-free organolithium compound. Transmetallation between an organo- 

lithium compound and an organic derivative of another metal (or metalloid) 

is known for a number of elements (see General Ref. A), but is most com¬ 

monly applied to trialkyltin compounds and to selenoacetals. Some examples 
are listed in Table 3.7. 

The transformation of organopotassium compounds into organolithium 
compounds by reaction with lithium bromide has been noted in Section 3.2. 

1,2-Dilithiobenzene 

This example is a preparation of an otherwise inaccessible, but very useful, 

reagent by the organomercury route (10). The structure of the starting 

material “o-phenylenemercury” has been controversial, but it is probably 
largely a trimeric macrocycle (77): 

A scrupulously clean, dry 200 ml Schlenk tube containing a magnetic 

stirrer bar is thoroughly flushed with dry argon.1' A few glass splinters and 

o-phenylenemercury (5.0 g) (10) are added and the tube is evacuated and re¬ 

filled with argon. A current of argon is maintained as the following are added 

successively: (i) freshly cut lithium slivers (2.8 g) suspended in diethyl ether 

(freshly distilled from benzophenone ketyl) (50 ml) and (ii) more dry ether 

(60 ml). The Schlenk tube is sealed under argon and the contents are stirred 

for 4 days. The contents of the tube develop a brown colour, and eventually 

the solution becomes a deep red. Suspended mercury (black) and lithium 

are also present; if any suspended crystals of o-phenylenemercury remain, 

stirring should be continued until reaction is complete. The yield of 

*This type of reaction is of historical importance, as the first organolithium compounds were 

prepared in this way (7). 

fIn the original preparation nitrogen was used, but argon is preferable if available. 
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TABLE 3.7 

Preparation of Organolithium Compounds by Transmetallation 

Starting material 
Lithium reagent 

(solvent) 
Product 

(yield °Io)a Ref. 

Ph2Hg Li(benzene+ PhLi (64) (2) (based 
Et20, 10:1) on (/)) 

PhN(Li)CH2CH2HgBr Li (THF) PhN(Li)CH2CH2Li (90) (3) 
CH2=CHCH2SnPh3 PhLi (Et20) CH2 = CHCH2Li (65-75) (4) 
Bu?SnCH2NMe2 BunLi (THF) LiCH2NMe2 (95) (5) 
CH2=C(OMe)SnMe2 BunLi(hexane) CH2=C(OMe)Li (97) (6) 
Bu"SnCH2OH BunLi (pentane) LiCH2OLi* (65) (7) 
(PhSe)2CH2 BunLi (THF) PhSeCH2Li (95) (8) 
(MeSe)2CMe2 BunLi (THF) MeSeC(Li)Me2 (88) (9) 

0 Yield of product of subsequent reaction. 6 Possibly better formulated as 
/O 

BiuSn^l 
2© 

2Li®. 

1,2-dilithiobenzene in solution is ca. 90%. To be used for subsequent 

reactions the solution is decanted through a glass-wool plug into the reaction 
vessel. 

Vinyllithium 

Although solutions of vinyllithium can be prepared by the reaction of lithium 

with vinyl chloride in THF (12), by metal-halogen exchange with vinyl 

bromide (13) and via retaliation of ethene (14), transmetallation with 

tetravinyltin enables it to be prepared halide-free, and in solid form. This 

procedure is a smaller-scale adaptation by Fraenkel et al. (15) of one 
originally published by Seyferth and Weiner (16). 

(CH2=CH)4Sn + 4BunLi —* 4CH2=CHLi + Bu^Sn 

Tetravinyltin (2.25 g, 0.01 mol) (17) is placed in a dry 100 ml flask, fitted 

with a stirrer and septum and flushed with argon. A solution of n-butyl- 

lithium in pentane (ca. 1.6 m, 0.038 mol) is added via the septum and the 

mixture is stirred for 3 h; after 30 min the mixture has started to become 

milky. The suspension is allowed to settle, and the supernatant liquor is 

removed by means of a syringe. The remaining solid is washed with five 20 ml 

portions of dry pentane. The remaining volatile material is removed by 

evacuating the flask, and the residue is dissolved in an appropriate solvent. 

In the experiment described (15) the yield of solid vinyllithium was 56%, 

which was dissolved in diethyl ether to give an approximately 1.5 m solution. 
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3.4. PREPARATION FROM ETHERS AND THIOETHERS 

Although other examples are known, for practical purposes the synthesis of 

organolithium compounds by the cleavage of ethers is limited to reactions 
of lithium metal with allyl and benzyl ethers (/, 2). (For a review see Ref. 

2a.) The synthesis of allyllithium by this method is described below. The 

synthesis of allyllithium derivatives by an analogous cleavage of allyl 
2,4,6-trimethylbenzoates has also been reported (3). 

The cleavage of thioethers by lithium or by lithium salts of radical anions is 

a much more versatile method for preparing organolithium compounds. Some 

examples are listed in Table 3.8. The best reagent for a particular case appears 

to vary. Cohen et al. have recently introduced lithium 1-dimethylaminonaph- 

thalenide (LDMAN); not only does this reagent give good yields of organo¬ 

lithium compounds, but the co-produced 1-dimethylaminonaphthalene is 
readily separated from the final product by washing with dilute acid, as in 

the preparation of 4-t-butyl-l-phenylthiocyclohexyllithium described below. 

Allyllithium (1, 9) 

CH2=CHCH2OPh + 2Li —* CH2=CHCH2Li + LiOPh 

Freshly cut finely divided lithium (4.2 g, 0.6 mol) is suspended in dry THF 
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TABLE 3.8 

Preparation of Organolithium Compounds from Thioethers 

Reagent Organolithium product 
Thioether (solvent) (yield %)" 

BuCHCHzSPh 

(PhSCH2CH2CH2)20 

Bu'SPh 

LN (THF) 

Li (THF) 

Li (THF) 

LN (THF) 

LN (THF) 

LiDBB (THF) 

BuCHCH2Li (84) 

(LiCH2CH2CH2)20 (90) 

Bu'Li (78) 

(91) 
SPh 

Ref. 

(4) 

(4) 

(5) 

(6) 

(7) 

(5) 

“Yield of product of subsequent reaction. *This type of reaction was used to prepare tri-, and 

even possibly hexa-lithio compounds. 

in a 500 ml three-necked flask equipped with a stirrer and a pressure¬ 

equalizing dropping funnel, and furnished with an atmosphere of argon. The 

suspension is stirred and cooled in a bath at — 15° while a solution of allyl 

phenyl ether (6.7 g, 50 mmol) in dry diethyl ether (25 ml) is added dropwise 

during 45 min. (If a pale green or blue colour is not observed after a small 

proportion of the allyl ether has been added, a little biphenyl is added to the 

mixture.) The cooling bath is removed, and the mixture, a dark-red suspen¬ 

sion, is stirred for a further 15 min. The solution is decanted through glass 

wool to remove the excess of lithium. The yield of allyllithium is ca. 65%. 

4-t-Butyl-l-phenylthiocyclohexyllithium (10) 

+ Li —> Li® [C,0H7NMe2]© 

-K X + 2Li® [C10H7NMe2]® ^xs,‘ 
SPh x-/ Li 

+ C10H7NMe2 

+ LiSPh 
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A dry two-necked flask is fitted with a septum and a glass-coated magnetic 

stirrer bar, and furnished with an atmosphere of argon. THF (20 ml) and 

clean lithium ribbon (80 mg, 11.6 mmol)* are added. The mixture is cooled 

in a bath at -45° to -55° and stirred as 1-dimethylaminonaphthalene 
(1.68 ml, 1.74 g, 10.2 mmol) is slowly added. Within 10 min a dark green 
colour should develop. The mixture is stirred rapidly for 3.5 h. 

The mixture is cooled to - 78° and a solution of 4-t-butyl-l,l-bis(phenyl- 
thio)cyclohexane (1.44 g, 4.05 mmol) in THF (5 ml) is added. The mixture 
is stirred for 15 min. 

In the experiment described (10) trimethylsilyl chloride was added. The 

work-up involved immediate quenching with water at —78°, and extraction 

of an ether solution of the products with dilute alkali and dilute acid. 4-t- 

Butyl-l-phenylthio-l-trimethylsilylcyclohexane was obtained in 83% yield. 
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3.5. PREPARATION FROM SULPHONYLHYDRAZONES 

The reaction of ketone arenesulphonylhydrazones with an excess of an 

organolithium compound was originally exploited, notably by Shapiro, as a 

synthesis of alkenes (7); the reaction is now commonly known as the Shapiro 

reaction. When the mechanism of the reaction was investigated, it was demon¬ 

strated that alkenyllithium compounds were intermediates, and the reaction 

is now regarded as a valuable synthesis of 1-alkenyllithium compounds: 

O NNHSOzAr Li 
„ jl ArS02NHNH2 „ II 2R"Li 

-» R^^/R' 

The presence of a freshly exposed clean lithium surface is critical. 
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Tosylhydrazones may be used, but are susceptible to metallation of the ring 

or the methyl group, so 2,4,6-triisopropylbenzenesulphonylhydrazones are 

employed for maximum yields. In the Organic Syntheses paper on which the 

following description is based, the range of ketones that may be used, and 

the modifications that may be adopted, are briefly reviewed (2). A good 

example of the application of the method to an a/3-unsaturated ketone is the 

synthesis of 2-lithio-l,3-butadiene (3). 

2-Lithiobornene (2) 

A 11 three-necked flask is equipped with a septum, a stirrer and a 250 ml 

pressure-equalizing dropping funnel sealed with a septum, and furnished 

with an atmosphere of nitrogen. £/-Camphor 2,4,6-triisopropylbenzene- 

sulphonylhydrazone (40.0 g, 92 mmol), hexane (200 ml) and TMEDA 

(200 ml) are added. The solution is cooled in a bath at ca. - 55° and stirred 

rapidly while s-butyllithium (ca. 1.3 m in hydrocarbon, 0.20 mol) is added 

from the funnel during ca. 20 min. The resulting orange solution is stirred 

and cooled for 2 h. The cooling bath is removed, and after 20 min replaced 

by an ice bath. Nitrogen evolution continues for ca. 10 min. 

In the experiment described, further reaction with 1-bromobutane gave 

2-butylbornene (50-53%) together with bornene (ca. 25%) (2). 
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3.6. PREPARATION BY ADDITION TO CARBON-CARBON 
AND CARBON-SULPHUR MULTIPLE BONDS 

The addition of organolithium compounds to carbon-carbon double and 

triple bonds is covered in Chapter 4, and thiophilic addition to thiocarbonyl 
groups is covered in Section 7.2. 





4 
Addition of Organolithium Compounds 

to Carbon-Carbon Multiple Bonds 

It is paradoxical that while the major industrial application of organolithium 
compounds—initiation of diene polymerization—involves their addition to 
carbon-carbon multiple bonds, such reactions are of only limited useful¬ 
ness for laboratory-scale organic syntheses (see General Refs A and D). 
Nevertheless, there are certain categories of alkenes and alkynes that do 
undergo ready addition: strained alkenes, alkenyl and alkynyl derivatives of 
second- and third-row elements, and alkenes bearing electron-donor groups 
suitably placed to provide intramolecular assistance. Examples of the last 
two categories are descibed below. Conjugated carbon-carbon double and 
triple bonds also often readily undergo addition of organolithium com¬ 
pounds, as in the initiation of polymerization of dienes and styrenes (see 
General Refs A and D(ii) and Ref. (7)). Conjugate addition to a/3-un- 
saturated carbonyl compounds etc. is described in connection with the appro¬ 
priate functional groups.* 

Addition of organolithium compounds to arenes has been observed, as has 
subsequent elimination of lithium hydride to give overall alkylation. 
However, such reactions are again of limited preparative value. On the other 
hand, addition to coordinated arenes has promise as an indirect method for 
achieving overall aromatic nucleophilic substitution with formal displace¬ 
ment of hydride (2). In the example given below (5), the nucleophile is a 
lithiated cyanohydrin derivative and the overall reaction is equivalent to 
nucleophilic acylation of the aromatic ring. Various extensions of this type 
of reaction are possible, such as the following (4): 

R H ^OH Qr (i) H* 
(ii) Oz 

Cr(CO)3 Cr(CO)3 

* Conjugate addition to a/3-unsaturated sulphones, a type of reaction not noted elsewhere, 
has proved useful (5), but displacement of the sulphonyl group and/or metallation are 
alternative reactions (6). 
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Mention should also be made of the addition of organocopper compounds 

to alkynes, since, although most work has been carried out with organocop¬ 

per reagents derived from Grignard reagents, those derived from organo- 

lithium compounds may also be employed (7). 

2-(2,2-Dimethylpropyl)-2-lithio-l,3-dithiane by addition of 

t-butyllithium to 2-methylene-l,3-dithiane (8) 

Bu‘ 

2-Methylene-1,3-dithiane (3.96 g, 30 mmol) is dissolved in dry THF (60 ml) 

under an atmosphere of argon and the solution is cooled to —78°. t-Butyl- 

lithium (ca. 1.6 m in pentane, 33 mmol) is added dropwise with stirring. The 

resulting yellow solution is stirred at -20° for 3-4 h. 

Addition of iodomethane (4.3 g, 30.3 mmol) to a solution thus prepared 

gave, after conventional work-up, 2-(2,2-dimethylpropyl)-2-methyl-l,3- 

dithiane (89%), from which 2,2-dimethylpentan-4-one could be obtained by 

treatment with mercury(n) oxide and chloride in methanol (8). 

Addition of n-butyllithium to allyl alcohol; 2-methylhexan-l-ol (9) 

^s/OH 
2Bu"Li 

TMEDA 

h2o 
OH 

A dry 500 ml three-necked flask is fitted with a gas inlet, a septum and a 

reflux condenser, equipped for stirring, and furnished with a nitrogen 

atmosphere. The flask is cooled in ice as allyl alcohol (prop-2-en-l-ol) 

(7.25 g, 0.125 mol), pentane" (70 ml) and TMEDA (1.16 g, 0.010 mol) are 

successively added via the septum. The reaction mixture is well stirred as 

n-butyllithium (ca. 1.5 m in pentane," 0.270 mol) is added via the septum 

during 20 min. The ice bath is removed and the mixture is stirred for 1 h. The 

ice bath is restored, the gas inlet is replaced by a pressure-equalizing dropping 

funnel, and water (70 ml) is added (CAUTION: exothermic reaction). 

The organic layer is separated, washed with 3 m HC1 (2x10 ml) and water 

(2 X 10 ml), and dried (MgS04). Most of the solvent is removed by distilla¬ 

tion through a fractionating column and the residue is distilled to yield 
2-methylhexan-l-ol (64-74%),'b b.p. 166-167°. 
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a Hexane could be used, but would make separation of the solvent from the product 
more difficult. 

GLC revealed the presence of a trace of heptan-3-ol impurity (5). 

Reaction of lithiated Ofl-ethoxyethyl) 2-methylpropanal 
cyanohydrin with (rj6-2-methylanisole)tricarbonylchromium; 
2-methyl-5-(2-methylpropanoyl)anisole 

This procedure, contributed by Semmelhack (3), illustrates the use of nucleo¬ 

philic addition to an arenetricarbonylchromium for the synthesis of aromatic 
compounds with unusual substitution patterns. 

A 250 ml three-necked flask, equipped with a magnetic stirrer, a septum and 

a vacuum/argon inlet, is evacuated by means of an oil pump and refilled with 

argon three times. Diisopropylamine (dried by passage through a short 

column of basic alumina, activity grade I) (1.68 ml, 1.21 g, 12.0 mmol) and 

THF (distilled from benzophenone ketyl under argon) (40 ml) are added by 

syringe and the mixture is cooled to -30°. n-Butyllithium (ca. 1.5m in 

hexane, 12.0 mmol) is added dropwise during 2 min, and the resulting 

mixture is stirred at -30° for 45 min. The solution is cooled to -78° and 

a solution of the cyanohydrin acetal [1] (2.02 g, 12.0 mmol) in hexametapol 

(distilled from calcium hydride under argon) (10 ml) is added dropwise 

during 2 min; during the addition the solution turns red. After addition is 

complete, the solution is stirred for 1 h at -78°. A solution of the arene 

complex [2] (3.1 g, 12.0 mmol) in THF (5 ml) is added rapidly. The mixture 

is warmed to 0° slowly during 0.5 h and stirred at this temperature for 1 h. 
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It is then cooled to - 78° and a solution of iodine (12 g) in THF (45 ml) is 

added. The resulting dark-brown solution is stirred for 4 h at 25° and then 

poured into ether (500 ml). The ether solution is washed with saturated 

aqueous sodium bisulphite (100 ml) to reduce the excess of iodine, and the 

red-brown precipitate that appears is removed by filtration. The ether layer 

is washed sequentially with saturated aqueous sodium bisulphite (100 ml), 

water (100 ml), saturated aqueous sodium bicarbonate (100 ml) and 

saturated aqueous sodium chloride (100 ml). It is dried (MgSCU), filtered, 

and concentrated by rotary evaporation. The residual liquid is dissolved in 

methanol (50 ml) and 5% aqueous sulphuric acid is added in order to cleave 

the acetal protecting group. After having been stirred at 25° for 0.5 h, the 

solution is neutralized by addition of solid sodium bicarbonate and concen¬ 

trated in a rotary evaporator to remove the methanol and most of the water. 

The residue, a solid mass, is triturated with ether (total of 500 ml) and the 

ether solution is shaken vigorously with 5 Vo aqueous sodium hydroxide 

(100 ml) to regenerate the ketone from the cyanohydrin. The ether layer is 

washed sequentially with saturated aqueous sodium chloride (100 ml), 5Vo 

hydrochloric acid (100 ml), and saturated aqueous sodium bicarbonate 

(100 ml). It is dried (MgSC^), filtered, and concentrated by rotary evapora¬ 

tion to leave a yellow liquid residue. Bulb-to-bulb distillation (oven tempera¬ 

ture 110-130°, 0.01 Torr) produces as a colourless liquid 2-methyl-5- 

(2-methylpropanoyl)anisole (2.06 g, 91Vo).° 

"The product showed no significant impurities by 'H NMR analysis. Analytically 
pure material was obtained by simple distillation (b.p. 88-96V0.02 Torr) of a 
sample from a similar experiment (3). 
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5 
Addition of Organolithium Compounds 

to Carbon-Nitrogen Multiple Bonds 

5.1. ADDITION TO IMINES AND IMINIUM SALTS 

The addition of organolithium compounds to simple imines is much less 

satisfactory as a general synthetic method than might be supposed, par¬ 
ticularly when a-hydrogens are present (see General Ref. D(ii)): 

R1R2C=NR3 
R Li 

R'R2R4C-N(Li)R3 
H+ 

r'r2r4c-nhr3 

A possible way of minimizing a-deprotonation is by converting the organo¬ 

lithium compound into a cuprate in situ, and activating the cuprate with 
boron trifluoride (7). 

Reactions of organolithium compounds with cx/Tunsaturated imines (1,2- 
and/or 1,4-addition (see General Ref. D(ii))), aryl aldimines (see General 

Ref. D(ii) and Ref. (2)) and TV-alkenylimines (leading to lithioenamines) (5) 

are more useful. There have also been a few reports of useful reactions 

involving addition to the azomethine bond of compounds such as hydrazones 
(see General Ref. D(ii)) and carbodiimides (4): 

R'CH=NNHR2 R'R3CHNHNHR2 

R2 

RIN=C=NRI R1N=C-NHR1 

Addition of organolithium compounds to iminium salts has been little 

explored (see General Ref. D(ii)), but may well be less susceptible to side- 

reactions than addition to imines. Such reactions merit further study (see e.g. 
Ref. (5)), so a simple example is described. 
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Addition of n-butyllithium to dimethyl(methylene)ammonium iodide 

(Eschenmoser’s salt) (6) 

CH2=N®Me2 Is BuCH2NMe2 BuCH2N®Me3 Ie 

Eschenmoser’s salt (2.04 g, 11 mmol) is suspended in dry ether (50 ml) in a 

flask fitted with a gas inlet, a septum and a reflux condenser, and furnished 

with a stirrer and a nitrogen atmosphere. n-Butyllithium (ca. 2.4 m in hexane, 

10 mmol) is added via syringe to the stirred suspension at a rate which main¬ 

tains a gentle reflux. When the addition is complete the mixture is stirred 

vigorously at room temperature for 1 h. Water is added with care until the 

suspended salts just dissolve. The mixture is stirred vigorously for 30 min. 

The ether layer is separated, and the aqueous layer is extracted three times 

with ether. The combined ether layers are washed with saturated brine, dried 

(MgS04) and concentrated. An excess of methyl iodide is added to the 

remaining ether solution. After several hours the resulting suspension is 

filtered, and the solid, trimethyl(pentyl)ammonium iodide (84%), is washed 

with ether and dried. 
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5.2. ADDITION TO NITROGEN HETEROCYCLIC AROMATIC 
COMPOUNDS 

The addition of an organolithium compound to the formal azomethine link 

of pyridine or another nitrogen aromatic heterocycle is a well-established 

general reaction (see General Refs A and D(ii)). It is usually used to achieve 

overall substitution on the ring, via lithium hydride elimination or oxidation 

of the dihydro-intermediate, but other reactions of the initial adduct are also 

useful. Some reactions involving an initial addition of phenyllithium to 

pyridine are described below. Some well-described examples of additions to 
other heterocycles are listed in Table 5.1. 



TABLE 5.1 

Addition of Organolithium Compounds to Nitrogen Heterocyclic Aromatic 
Compounds 

Heterocyclic Organolithium compound 

compound (solvent) Product (yield %) Ref. 

PhLi (THF) 

/N^Ph 

(60)c 

"N" 

BunLi (benzene) 

(3) 

(4) 

(5) 

(5) 

(6) 

(7) 

“Or 3,4-dihydro-isomer; cf. Ref. (4). *Not stated; see also Ref. (8). ‘ After oxidation by air. 

d After oxidation by nitrobenzene; still contained a little dihydro. 
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In general, attack occurs at the ring positions indicated in Table 5.1 (and 

a more complete list is given in General Ref. D(ii)). The effect of simple 

substituents on the position of attack is often not clear-cut (7), but strongly 

coordinating substituents can have a profound effect. For example, a 

3-oxazinyl group directs attack by many organolithium compounds mainly 

to the 4-position of pyridine (2). 

Reactions proceeding via addition of phenyllithium to pyridine 

Li 

(i) 2-Phenylpyridine (9). A solution of phenyllithium in diethyl ether 

(150 ml) is prepared as described on p. 24 from bromobenzene (40 g, 

0.25 mol) in a 11 three-necked flask fitted with a dropping funnel, reflux 

condenser and stirrer, and flushed with nitrogen. The solution is stirred as 

a solution of dry pyridine* (40 g, 0.5 mol) in dry toluene (100 ml) is added 

slowly. Distillation apparatus is fitted over the reflux condenser. Water is run 

out of the reflux condenser, and solvent is distilled until the internal tempera¬ 

ture reaches 110°. The water is reconnected to the reflux condenser and the 

reaction mixture is heated under reflux for ca. 8 h. It is then allowed to cool 

to ca. 40° and water (35 ml) is added cautiously. The layers are separated. 

The toluene layer is dried (KOH) and fractionally distilled, first at atmos¬ 

pheric pressure and then under reduced pressure. The yield of 2-phenyl- 
pyridine, b.p. 140°/12 mmHg is up to ca. 20 g (52%). 

(ii) Isolation and reactions of l-lithio-2-phenyl-l,2-dihydropyridine (10, 11). 
A solution of phenyllithium (0.01 mol) in diethyl ether (20 ml) is prepared 

(see p. 24) and cooled in an ice-water bath. Pyridine (0.7 g, 8.7 mmol) is 

added slowly. The resulting yellow precipitate is redissolved by shaking or 

stirring, and the mixture is allowed to stand at 0° until crystallization is 

Distilled from potassium hydroxide and/or calcium or barium oxide. 
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TABLE 5.2 

Reactions of l-Lithio-2-phenyl-l,2-dihydropyridine 

Reagent Product Yield (%) Ref. 

MeCOCl 

CICOzEt 

COzEt 

Me 

H 

Et 

H 

68 (70) 

77 (JO) 

(a) (H) 

(11) 

a Ref. (12) gives 34%. *On distillation, the 2,5-dialkyl-2,5-dihydro- 

pyridines gave the corresponding 2,5-dialkylpyridines. In some 

related cases disproportionation occurred, and further treatment 

with selenium was needed to obtain the fully aromatic product. 

complete (ideally overnight). The supernatant liquid is removed by means of 

a syringe, and the crystals are washed by injecting dry pentane (10 ml), 

shaking the flask, allowing the solid to settle, and withdrawing the liquid. 

Some reactions of the adduct thus prepared are summarized in Table 5.2. 

Experimental details (but not in all cases yields) are given in the references 
cited. 
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5.3. ADDITION TO NITRILES 

The addition of organolithium compounds to nitriles is subject to various 

side reactions, notably a-deprotonation. The complexities are summarized 

in General Ref. D(ii). Reactions involving a-deprotonation may be useful in 

their own right (7), but when addition to the triple bond is desired they are 

sometimes difficult or impossible to avoid. Thus, while straightforward 

addition, giving the 7V-lithioketimine, predominates for aromatic nitriles, 

acetonitrile undergoes extensive deprotonation, and with phenylacetonitrile 

deprotonation is normally the main reaction. Barbier-type reactions between 

bromobenzene, lithium, and the nitrile, were ineffective for avoiding 
deprotonation (2). 

Following formation of the 7V-lithioketimine, acid work-up is commonly 

used, giving a ketone, as in the synthesis of dicyclopentyl ketone described 

below. On milder hydrolysis the ketimine can be obtained, although, except 

where there is steric hindrance (as in the following example), special care 

may be needed to avoid further hydrolysis to the ketone. The TV-lithio- 

ketimine may also be used for the synthesis of various TV-substituted imines. 

The following is an example of an intramolecular reaction of the 7V-lithio- 
imine (3): 

Some well-described reactions of organolithium compounds with nitriles, 
leading to ketones or imines, are listed in Table 5.3. 

The following is an example of conjugate addition to an a/3-unsaturated 
nitrile (72): 
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TABLE 5.3 

Reactions Involving Addition of Organolithium Compounds to Nitriles 

Nitrile 

Organo¬ 
lithium Further 

compound reagent Product (yield %) Ref. 

MeCN 

EtCN 

xN^CH2Li 
H2SO4 aq. 

H2SO4 aq. 

N^CHzCOMe 
(57) (4) 

N^CHzLi xN^CH2COEt 
(80) 

CH3(CH2)4CN MeLi 

HC=C(CH2)3CN 2PhLi 

PhCN 

PhCN 

PhCN 

PhCN 

C6C15 

CN 
CH2NMe2 

Li 
HC1 aq. 

(4) 

(5) H2SO4 aq. CH3(CH2)4COMe (60) 

H2S04 aq. HC=C(CH2)3COPh(60) (6) 

/ S. Me 

CX HC1 aq. 
/—S, Me 

( X (82)fl (7) 
'—S Li 

O- HC1 aq. 

'—S COPh 

^^COPh (89) (8) 

Li 

O HC1 aq. 

COPh 

(75) (9) 

CgClsLi Me2S04 

Ph 
\ 

C=NMe (55) (10) 

Cl 

Yield of crude intermediate imine, isolated before treatment with acid, was 95%. 
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Dicyclopentyl ketone (13) 

A solution of cyclopentyllithium (1 mol) in cyclohexane is placed in a 21 flask 

fitted with a stirrer and a pressure-equalizing dropping funnel and furnished 

with an atmosphere of nitrogen. Cyclohexane (500 ml) is added. The tem¬ 

perature is kept below 20° by external cooling as a solution of cyanocyclopen- 

tane (90 g, 0.95 mol) in cyclohexane (50 ml) is added dropwise, with stirring, 

during 30 min. The mixture turns bright yellow. Stirring is continued for 1 h. 

10% hydrochloric acid (200 ml) is added, and the mixture is stirred rapidly 

at room temperature overnight. The organic layer is separated, washed with 

water (2 x 100 ml) and dried, and the solvent is evaporated. The residual 

yellow oil is distilled to give dicyclopentyl ketone (ca. 105 g, 66%), b.p. 

70°/l 1 mmHg. 

Di-t-butylketimine (14) 

MeOH 
Bu'Li + Bu'CN -» Bu^C=NLi -> Bu^C = NH 

t-Butyllithium (ca. 2 m in hexane," 42 mmol) is introduced into a 100 ml flask 

equipped with a septum, a reflux condenser and a stirrer, and furnished with 

an inert atmosphere. The solution is frozen by cooling with liquid nitrogen, 

and a solution of t-butyl cyanide (3.48 g, 42 mmol) in pentane is added.On 

warming to room temperature, a pale green-yellow solution is obtained." The 

solution is re-cooled in liquid nitrogen. Methanol (5 ml) is added. The 

mixture is heated under reflux for 1 day,rf cooled and filtered. The solvents 

are evaporated (bath temperature up to 140°) and the residue distilled, the 

imine being collected at 164-166°/755 mmHg. 

Di-t-butylimides of beryllium (75), aluminium (16), boron (77), silicon 

(18), germanium (19) and tin (20) have been prepared by reactions of the N- 

lithioimine with the metal halides. 

"Pentane or other hydrocarbon solvents may be used. 
b Alternatively the t-butyllithium solution may be added to the frozen solution of 

the nitrile. 
"The 7V-lithioketimine may be isolated by evaporation of the solvents. 
ll A much shorter time is probably sufficient. 
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5.4. ADDITION TO ISONITRILES 

Isonitriles possessing a-hydrogens tend to undergo deprotonation by organo- 

lithium compounds, rather than addition to the isocyano-group. In the 

absence of a-hydrogens, however, isonitriles show carbene-like reactivity, 

giving lithioimines; subsequent reaction with electrophiles gives imine 

derivatives, which may be desired in their own right or may be hydrolysed 
to the corresponding carbonyl compounds. 

R' 

R-N=C: R—N=C ^ 
\ 

-*■ R-N=C 

Li 

R' R' 
/ h3o+ / 

-*■ o=c 
\ \ 

E E 

In the latter case, the overall reaction is equivalent to nucleophilic acylation 

(/). The most convenient isonitrile for such reactions is 1,1,3,3-tetramethyl- 
butylisonitrile. 
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4-Lithio-3,6,6,8,8-pentamethyl-5-azanon-4-ene (2) 

Me 
/ 

Me Me CH 
/ \ 

Me3CCH2C-NC 

Me 

CH2CH3 
\ 

Me Li 

A dry 1 1 three-necked flask is fitted with a mechanical stirrer, a 500 ml 

pressure-equalizing dropping funnel and a thermometer, and furnished with 

an atmosphere of nitrogen. A solution of 1,1,3,3-tetramethylbutylisonitrile 

(27.8 g, 35.1 ml, 0.2 mol)0 in dry diethyl ether (300 ml) is added, and the solu¬ 

tion is cooled to 0°. s-Butyllithium (in hexane, 0.2 mol) is transferred to the 

dropping funnel by syringe, and then added to the stirred solution at such 

a rate that the temperature does not rise above 5°; during the addition the 

mixture becomes gelatinous, and it is necessary to increase the stirring rate 

to ensure thorough mixing. After the addition is complete the mixture is 

stirred for a further 15 min at ca. 0°. 
The addition of deuterium oxide to the reaction mixture to give N-(\-d-2- 

methylbutylidene)-l,l,3,3-tetramethylbutylamine (85-88%), and subse¬ 

quent hydrolysis with aqueous oxalic acid to give l-£/-2-methylbutanal 

(87-88%), are described on p. 121. 

"The synthesis of the isonitrile is also described (2). 

References 

1. G. E. Niznik, W. H. Morrison and H. M. Walborsky, J. Org. Chem. 39, 600 (1974); 

N. Hirowatari and H. M. Walborsky, J. Org. Chem. 39, 604 (1974); G. E. Niznik and 

H. M. Walborsky, J. Org. Chem. 39, 608 (1974); M. Periasamy and H. M. Walborsky, 

J. Org. Chem. 39, 611 (1974); H. M. Walborsky and P. Ronman, J. Org. Chem. 43, 731 

(1978). 

2. G. E. Niznik, W. H. Morrison and H. M. Walborsky, Org. Synth. 51, 31 (1971). 



6 
Addition of Organolithium Compounds 

to Carbonyl Groups 

6.1. ADDITION TO ALDEHYDES AND KETONES 

6.1.1. Addition to Saturated and Aryl Aldehydes and Ketones 

In many cases the experimental procedures for reactions involving addition 

of organolithium compounds to aldehydes and ketones are straightforward, 

as in the following example and the ones listed in Table 6.1. Nevertheless, 

such reactions are susceptible to the same types of side-reactions as the 

analogous Grignard reactions: a-deprotonation (enolization) and reduction 

(both via 0-hydrogen transfer and via ketyl formation).* Reduction is usually 

less troublesome in the case of organolithium compounds (though it may be 

significant with t-alkyl reagents). On the other hand, the high basicity of 

many organolithium compounds can make a-deprotonation of the carbonyl 

compound a real problem. In such cases, the use of a solvent of low polarity 

and/or the presence (or addition) of lithium salts is recommended (see 

General Ref. D(ii), p. 25). Recently, the conversion of an organolithium 

compound into an organotitanium reagent in situ has been used to avoid 

deprotonation, since the organotitanium reagents are only weakly basic, 

while retaining sufficient nucleophilicity (11). For example, 0-tetralone 

undergoes extensive deprotonation by methyllithium, whereas a methyl- 

lithium-titanium tetrachloride reagent gives an almost quantitative yield of 
the addition product [1] (11): 

[1] 

* In the course of a study of the mechanism of the addition reaction it was observed that a 

reaction of s-butyllithium with phenyl s-butyl ketone gave addition product (86%), reduction 

product (12%) and recovered ketone (presumably from enolization) (1%) (JO). 
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TABLE 6.1 

Addition of Organolithium Compounds to Saturated and Aryl Aldehydes and 
Ketones 

Carbonyl Organolithium 
compound compound Product (yield %) Ref. 

(CH20)„ 

MeCHO 

Me2CHCH2CHO 

n-C5H,,CHO 

PhCHO 

MeCOEt 

CH2Li 

Ou 

CH2CH(OH)Me (44-50) 

CH(OH)CH2CHMe2 (93) 

CH(OH)C5Hn (63) 

CH2NMe2 

(70-73) 

CH(OH)Ph 

(2) 

(3) 

(4) 

(5) 

/-y xMe 
Xq/-C—-OH (88) 

Et 

(3) 

Ph2CO 

Ph2CO 

/ \/OH 
LiCH2C02Et < X (79-90) (6) 

X-7 CH2C02Et 

MeLi Ph2CHMe° (91-93) (7) 

O-U N 
(^C(OH)Ph2 * (68-70) (8) 

1 
NO 

H 
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TABLE 6.1—continued 

Ph2CO 

NMe2 

C(OH)Ph2 
(49-57) 

"After reduction in situ. bAfter denitrosation in situ. 

(9) 

The addition of cerium halides similarly suppresses enolization (12). Further¬ 

more, the organotitanium reagents are selective in their reactivity towards 

different types of carbonyl group; they can differentiate aldehydes from 
ketones, as in the following example (13):* 

PhCO(CH2)4CHO MeT'(QPr >3> PhCO(CH2)4CH(OH)Me 

Organohafnium compounds and organomanganese compounds are reported 
to show similar selectivity (14). 

Just as the Barbier synthesis (15) has been revived as an alternative to the 

stepwise preparation of a Grignard reagent followed by reaction with a car¬ 

bonyl compound, it has been found that a one-step reaction of lithium, an 

alkyl halide and a carbonyl compound can give good results, and indeed can 

reduce the amount of a-deprotonation. Many examples, with good 

experimental details, have been reported by Pearce, Richards and Scilly (16). 
The following preparation employed similar conditions. 

A full discussion of the stereochemistry of the addition of organolithium 

compounds to carbonyl groups is beyond the scope of this book; the subject 

has been well reviewed (17). Nevertheless, reference should be made to asym¬ 

metric synthesis via additions of achiral organolithium compounds to achiral 

carbonyl compounds in the presence of chiral chelating ligands. The follow¬ 

ing successful example of this type of reaction has been described in Organic 
Syntheses (18): 

PhCHO + BuLi.Me2N 

OMe 

OMe 

NMe2 

Ph \ 
y\ (2 parts) 

HO H 

(1 part) 

* The reagent is prepared from methyllithium and chlorotriisopropoxytitanium and either 

isolated or used in situ (see p. 162). 
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Addition of allyllithium to 4-methylpentan-2-one (19) 

OLi 
I 

CH2=CHCH2Li + CH3COCH2CH(CH3)3-* CH2=CHCH2C-CH2CH(CH3)2 

CH3 

OH 

CH2=CHCH2C-CH2CH(CH3)2 

ch3 

A solution of allyllithium (0.12 mol) in diethyl ether (300 ml) is prepared in 

a 11 three-necked flask fitted with a reflux condenser, a stirrer, a 250 ml 

pressure-equalizing dropping funnel, and flushed with nitrogen." A solution 

of 4-methylpentan-2-one (12.0 g, 0.12 mol) in diethyl ether (25 ml) is placed 

in the dropping funnel and added at such a rate that the mixture boils gently. 

The mixture is heated under reflux for 1 h, then cooled to room tempera¬ 

ture. Water (100 ml) is added.* The aqueous layer is extracted with ether 

(3 x 30 ml). The combined organic layers are dried (MgSCL) and the ether 

is distilled at atmospheric pressure. The residue is filtered through sintered 

glass and fractionally distilled, the fraction b.p. 70-71°/20 mmHg being 

collected as 4,6-dimethylhept-l-en-4-ol (ca. 12.5 g, 70-75*70). 

a In the Organic Syntheses procedure the allyllithium is prepared from allyl- 
triphenyltin and phenyllithium. 

b In the Organic Syntheses procedure tetraphenyltin is removed at this point by 
filtration. 

3-t-Butyl-3-hydroxy-2,2-dimethylheneicosane by a Barbier-type reaction (20) 

(Me3C)2C=0 + n-Ci8H37Cl ^ H[Q+ > (Me3C)2C(OH)-n-C18H37 

Lithium slices (3.46 g, 0.5 mol) are suspended in dry THF (120 ml) in a 500 ml 

flask fitted with a stirrer and a pressure-equalizing dropping funnel, and fur¬ 

nished with an atmosphere of nitrogen. A mixture (ca. 2 ml) of 1-chloro- 

octadecane and 2,2,4,4-tetramethylpentan-3-one (molar ratio ca. 2:1) is 

added to the well-stirred mixture. The mixture is warmed gently until the start 

of the reaction is indicated by a change in the lithium surface from a matt 

appearance to a metallic sheen. The mixture is cooled in ice as a mixture of 

1-chlorooctadecane (69.4 g, 0.24 mol) and tetramethylpentanone (28.4 g, 

0.20 mol) is added dropwise during 90 min. Stirring is continued for a further 

1 h at 0°. The mixture is filtered, and the solvent is evaporated under reduced 
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pressure. The residue is dissolved in light petroleum (b.p. 50-70°, 100ml) 

and the solution is washed with 2 m hydrochloric acid and water and dried 

(potassium carbonate). The solvent is evaporated and the residue distilled in 

a molecular-distillation apparatus at 123-136°/1(T5 Torr, giving 3-t-butyl- 

3-hydroxy-2,2-dimethylheneicosane (58.5 g, 74%), m.p. 28-30°." 

"After recrystallization, m.p. 34-35°. 
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6.1.2. Addition to a/3-Unsaturated Aldehydes and Ketones 

In general, organolithium compounds add to the carbonyl group of a(3- 

unsaturated carbonyl compounds, rather than giving 1,4 (Michael) addition 

(see General Refs A and D(ii)). The following example is fully described in 
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Organic Syntheses (7): 

OLi 
I 

CH2CHCHO + (PhS)2CHLi -*■ (PhS)2CHCHCH=CH2 

OMe 

MezS°4> (PhS)2CHCHCH=CH2 

The factors favouring 1,4-addition of organolithium compounds to a/3- 

unsaturated carbonyl compounds have been briefly reviewed (General Ref. 

D(ii), p. 28). They are: (i) solvents favouring electron transfer (notably 

hexametapol); (ii) delocalized organolithium compounds; and (iii) reaction 

times and/or temperatures allowing thermodynamic control. 

Conjugate addition of a-lithio(4-methoxyphenyl)acetonitrile to 

cyclohex-2-enone (2) 

O 

A dry four-necked flask is fitted with a mechanical stirrer, a gas inlet, a 

septum and a thermometer, and flushed with nitrogen or argon. THF 

(40 ml), hexametapol (10 ml), and 4-methoxyphenylacetonitrile (1.47 g, 

10 mmol) are added by syringe and cooled to - 70°. The solution is stirred 

at -70° as n-butyllithium (in hexane, 10 mmol) is added by syringe. The 

solution is kept at - 70° as a solution of cyclohex-2-enone (0.96 g, 10 mmol) 

in THF (5 ml) is added, again by syringe. After a few min stirring, m HC1 

(20 ml) is added rapidly and the mixture is allowed to warm to room tempera¬ 

ture. Ether is added, and the organic layer is separated, washed with 

saturated aqueous sodium chloride until the washings are neutral, and dried. 

Evaporation of the solvent gives, in virtually quantitative yield, 2-(4- 

methoxyphenyl)-2-(3-oxocyclohexyl)acetonitrile, which is purified by pre¬ 
parative TLC. 
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Conjugate additions of organocopper reagents to enones are well reviewed 

(3). Nevertheless, the organocopper reagents are usually prepared in situ 

from organolithium reagents, and such reactions are so useful that two 

examples are described below. One is a straightforward addition using a 

higher-order cyanocuprate (4). The other involves a further reaction of 
the enolate intermediate. 

Addition of a cyanocuprate reagent; 4-methyl-4-phenylpentan-2-one (5) 

Ph 

Me2C=CHCOMe ^ ^Cu(CN)Ll2> Me2C-CH2COMe 

Dry copper(i) cyanide (66 mg, 0.74 mmol) is placed in a dry two-necked flask 

fitted with a septum and a magnetic stirrer, and furnished with an 

atmosphere of argon. Ether (0.95 ml) is added, and the slurry is cooled to 

— 78 as phenyllithium (ca. 2.2. m in ether, 1.44 mmol) is added by syringe. 

Warming the mixture to 0° with gentle stirring produces a yellowish but not 

quite homogeneous solution. The mixture is re-cooled to —78°, and neat 

mesityl oxide (2-methylpent-2-en-3-one) (57 g\, 0.5 mmol) is added to the 

stirred mixture by syringe. Stirring is continued at - 78°, though after 45 min 

the solution becomes viscous and further stirring is difficult. After 1 h, a 10% 

ammonium hydroxide/saturated aqueous ammonium chloride solution is 

added. The mixture is stirred for 10 min, and the crude product is isolated 

conventionally via ether extraction. Column chromatography (silica, 3 :1 

pentane-Et20) gives 4-methyl-4-phenylpentan-2-one (72.6 mg, 83%). 

Addition of lithium dibutylcuprate to cyclohexenone, followed by reaction 

with iodomethane; 3-butyl-2-methylcyclohexanone (6) 

(i) BuSCuLi 

(ii) Mel 

Copper(i) iodide (295 mg, 1.55 mmol) is suspended in THF (4 ml). The 

suspension is maintained at - 50° and stirred as n-butyllithium {ca. 2.5 m 

in hexane, 3.0 mmol) is added. The dark mixture is cooled to -78° and 

stirred as a solution of cyclohex-2-enone (96 mg, 1.0 mmol) in THF (1 ml) 

is added. Stirring is continued for 30 min. A solution of iodomethane 
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(0.16 ml, 2.0 mmol) in hexametapol (2 ml) is added. The reaction mixture is 

allowed to warm to — 30° and maintained between — 30° and — 40° for 2 h. 

Methanol (1 ml) is added. The mixture is allowed to warm to room tempera¬ 

ture, poured into saturated aqueous ammonium chloride, diluted with ether, 

and stirred for 1 h. The layers are separated, and the aqueous phase is 

extracted once with ether. The organic layers are combined, washed with 2% 

aqueous sodium thiosulphate, and dried over magnesium sulphate. Analysis 

by GLC shows the crude product to contain 3-butylcyclohexanone (1% 

yield), fra«5-3-butyl-2-methylcyclohexanone (74% yield), and c/s’-3-butyl- 

2-methylcyclohexanone (10% yield). The last two compounds may be 

isolated by preparative GLC. 
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6.1.3. Peterson Olefination and Related Reactions 

The Peterson olefination reaction involves the addition of an a-silylorgano- 

lithium (or organomagnesium) compound to a carbonyl compound. The 

adduct can then eliminate lithium trialkylsilyloxide to give an alkene. Alter¬ 

natively, hydrolysis may give an isolable /3-hydroxysilane, which can be 

converted into an alkene by treatment with acid or base (7, 2). 

R4R5C-OH 
. J 

R R2C—SiR 

R4R5C=CR‘R2 

Peterson olefination is in many ways complementary to the Wittig reaction 

(see Section 16.3), and, like the Wittig reaction, it is particularly valuable for 

the stereocontrolled synthesis of alkenes. The scope and stereochemistry of 
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the reaction have been reviewed (5). Various alternatives to the trialkylsilyl 

group have been reported (see General Ref. D(ii), p. 28), and the use of 

organolithium compounds in the Horner-Wadsworth-Emmons synthesis 
may be regarded as analogous (4): 

RiP(0)CH2R2 

Li 

i 1 , RiP(0)CHR2 
r4r5c=o 

- R2P(0)OLi’ r2ch=cr4r5 

Diphenyl(2,2-diphenylethenyl)phosphine sulphide 

Li 

Ph2P(S)CH2SiMe3 Ph2P(S)CH ^ Ph2P(S)CH=CPh2 

SiMe3 

This procedure, based on Peterson’s original paper (7), is for a reaction 

where the elimination occurs spontaneously, giving the olefin without isola¬ 
tion of the /3-hydroxysilane. 

A solution of diphenyl(trimethylsilylmethyl)phosphine sulphide (6.08 g, 
20 mmol) in THF (30 ml) is prepared under an atmosphere of argon and 

cooled to 0°. n-Butyllithium (ca. 1.5 m in hexane, 21 mmol) is added drop- 

wise with stirring. The mixture is stirred at 0° for 1.5 h and then added to 

a solution of benzophenone (3.64 g, 20 mmol) in THF (10 ml). After 0.5 h 

the reaction mixture is poured into aqueous ammonium chloride. The 

organic layer is separated and concentrated, and the resulting solid (ca. 7.5 g) 

is purified by chromatography on neutral alumina,* giving 

diphenyl(2,2-diphenylethenyl)phosphine sulphide (4.2 g pure, 1.3 g less 
pure, total 80%). 
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Benzene was used as eluant (/). A less hazardous alternative would be preferable. 
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6.2. REACTIONS WITH ACYL HALIDES, ANHYDRIDES, 
ESTERS AND LACTONES 

The reactions of organolithium compounds with acyl derivatives R'COX, 

where X represents a good leaving group, proceed as follows: 

R1 R2 R2 
X R2Li 

c=o -> R'-C-^0®Li® 
\ 

c=o 
/ r i / 

X <vX R1 

R2 R2 

R2Li , 1 „ ^ H,0+ 1 

R2 —C—OeLi® -* r2-c-oh 
1 

R1 R1 

Such reactions readily give good yields of tertiary alcohols (7, 2, 3) (secon¬ 

dary alcohols from formates); the only serious limitation is the occurrence 

of a-deprotonation. Barbier-type reactions may also be used to synthesize 

tertiary alcohols (4). However, it is difficult to achieve good yields of ketones 

from these reactions, since even if a deficiency of the organolithium com¬ 

pound is employed both the ketone and the organolithium compound are 

liable to be present in the reaction mixture simultaneously. For example, even 

when 2-lithio-1,3-dithiane was added to a tenfold excess of ethyl benzoate 

at -20°, the main product, 2-benzoyl-l,3-dithiane, was contaminated by 

bis(l,3-dithian-2-yl)phenylmethanol (5). Nevertheless, acceptable yields of 

ketones are often obtainable from all these types of compound under appro¬ 

priate conditions. The best results are obtained when the organolithium com¬ 

pound is added to an excess of the acyl derivative at a low temperature. Some 

examples are listed in Table 6.2, and a typical reaction with an anhydride is 

described below. Table 6.2 also includes examples of some related reactions. 

With formate esters the product is an aldehyde, and an example of this type 
of reaction is also described fully: 

R1 Li + HCOOR2 -* R'CH(OLi)OR2 ~ L'°R> R'CHO 

Similarly, a reaction with a chloroformate can give an ester: 

R'Li + C1COOR2 

OjfLi® 

R'-C-OR2 

(a 

r'coor2 
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Reactions with dialkyl carbonates are also most commonly used to prepare 

esters, but where the product is sterically hindered it may be possible to 

obtain a symmetrical ketone (see final entry in Table 6.2). 

In cases where alcohol formation occurs even under the most favourable 

conditions, some chemical modifications may be employed. For reactions 

with acyl halides, the earlier use of cadmium halides as additives has been 

largely superseded by the conversion of the organolithium compound into 

an organocopper reagent in situ (19,20). Organomanganese reagents, though 

less fully explored, may also be used (21, 22). There is no analogous general 

modification for reactions with esters, but in some cases the presence of 

trimethylsilyl chloride in the reaction mixture is beneficial; the silyl chloride 

reacts faster with the adduct than it does with the organolithium compound 

(23): 

R'COOEt + R2Li + MejSiCl 

OSiMe3 

R1 OEt 
HjO + 

r'r2c=o 

For a/3-unsaturated esters the situation is much the same as for a/3- 

unsaturated ketones. Organolithium compounds tend to add to the carbonyl 

group (see Ref. (2) for an example); 1,2-addition under Barbier conditions 

has also been described (24). Conjugate addition occurs with organocopper 

reagents, though the lower reactivity of esters compared to ketones can be 

a limitation (25). Conjugate addition may also be induced by steric hin¬ 

drance, as in the following example (26): 

R 
(i) R2Li 

(ii) MeOH 

R2 O 

Reaction with an anhydride; 2,2-dichIoro-4-methylpentan-3-one (27) 

CH3CCI2H 
BuLi 

TMEDA 
CH3CCl2Li 

(Me2CHC0)20 
CH3CCl2COCHMe2 

In this example the low temperature is required because of the instability 

of the organolithium intermediate as well as to minimize tertiary alcohol 
formation. 

TMEDA (4.8 g, 41 mmol) is dissolved in a mixture of ether (80 ml) and 

THF (40 ml) in a 250 ml three-necked flask fitted with a septum, a pressure¬ 

equalizing dropping funnel, a gas inlet and a stirrer, and flushed with 
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nitrogen. The solution is cooled and stirred well as n-butyllithium (in hexane, 

40 mmol) is added. The mixture is cooled to - 100° and stirred well as a 

solution of 1,1-dichloroethane (5.0 g, 50 mmol) in THF (20 ml) is added 

dropwise, slowly. The mixture is stirred at —100° for 1 h, during which time 

an abundant white precipitate forms. The well-stirred suspension is main¬ 

tained at —95° as isobutyric anhydride (2-methylpropanoic anhydride) is 

added, and stirring is continued for 2 h. Water and pentane are added and 

the mixture is allowed to warm to room temperature. The organic layer is 

separated, dried (MgS04), and the solvent is evaporated. To the residue is 

added methanol (20 ml) containing a few drops of sulphuric acid. The 

methanol is evaporated, and saturated aqueous sodium hydrogencarbonate 

is added to the residue until effervescence ceases. The mixture is extracted 

three times with pentane. The combined extracts are dried (MgS04) and 

evaporated. Distillation of the residue gives 2,2-dichloro-4-methylpentan-3- 
one (86%), b.p. 143-145°. 

Reaction with methyl formate; 2,2-dichloro-2-phenylethanal (28) 

r>u^i Bu,Li (i) HCOOMe 
PhCCl3 -» PhCChLi (ij) H;Q+-> PhCCl2CH(OH)OMe 

---* PhCChCHO 

In this case, unusually, the hemiacetal initially formed is comparatively 

stable, but the free aldehyde is obtained on distillation. The temperature used 
for the reaction is critical, and must be carefully controlled. 

acra-Trichlorotoluene (benzotrichloride) (4.89 g, 25 mmol), THF (60 ml), 
ether (40 ml) and pentane (40 ml) are placed in a four-necked flask equipped 

with a magnetic stirrer, a low-temperature (pentane) thermometer, a 

pressure-equalizing dropping funnel, a septum and a gas inlet tube. An 

atmosphere of nitrogen is maintained as the solution is cooled to - 90°. The 

solution is maintained at - 90° or slightly below as s-butyllithium (ca. 1.5 m 

in hexane or cyclohexane, 25 mmol) is added dropwise with stirring during 

20 min, via the septum. When a precipitate appears, the mixture is cooled to 

— 110°, and maintained at that temperature as a solution of methyl formate 

(1.8 g, ca. 30 mmol) in ether (10 ml) is added dropwise with stirring during 

10 min. The temperature is allowed to rise to - 90°. m Sulphuric acid (50 ml) 

is added rapidly to the stirred mixture. The organic layer is separated, and 

the aqueous layer is extracted with pentane (3 x 50 ml). The combined 

aqueous layers are washed with saturated aqueous sodium chloride and dried 

(MgS04). The solvents are evaporated" and the residue is distilled under 

reduced pressure to give 2,2-dichloro-2-phenylethanal (70-80%), b.p. 
56-58V0.8 mmHg, 104°/14mmHg. 
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" An NMR spectrum of the crude product, before distillation, showed only a weak 
signal for the formyl proton at 69.2, but also a signal at 5 ca. 3.6 assigned to a methoxy 

group (29). 
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6.3. ADDITION TO 7V,7V-DISUBSTITUTED AMIDES 

The adducts of organolithium compounds with 7V,7V-disubstituted amides 

are comparatively stable, so that it is usually possible to avoid the elimination 

and subsequent alcohol formation shown on p. 76. However, the widely used 

synthesis of aldehydes from yV,Af-dialkylformamides and organolithium 
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compounds is somewhat unpredictable. Sometimes the reaction with TV,TV- 

dimethylformamide (DMF) works well (see Table 6.3) but in other cases it 

gives poor yields, or even fails completely (7). vV-Methylformanilide (see 

General Ref. A and Ref. (2)), Comins’ reagent [1] (2) and TV-formyl- 

piperidine (4) are possible alternatives. A Barbier-type procedure, assisted by 
ultrasonic irradiation, has been reported to give good results (5). 

Me 
/ 

N 

[1] CHO 

The examples of syntheses of aldehydes by reactions of organolithium 

compounds with TV,TV-dialkylformamides listed in Table 6.3 are recent; older 
examples are tabulated in General Ref. A (p. 141), and a detailed procedure 
is described below. 

Reactions of organolithium compounds with other 7V,7V-disubstituted 
amides have been less commonly employed, but can give good yields of 

ketones; examples are listed in Table 6.4 and others are tabulated in General 

Ref. D(ii) (p. 35).* The following is an example of an intramolecular reaction 
of this type (12): 

Table 6.4 also includes examples of reactions with chlorocarbamates, giving 
amides and with a carbamate ester, giving a symmetrical ketone: 

R'Li + CICONRf -> R'CONRl 

R'Li + R2OCONR| -* R'CONRl R]CO 

The adduct of an organolithium compound and a dialkylamide is in effect 

a protected carbonyl compound, and in suitable cases further “one-pot” 

* It should be noted that aromatic amides may be sufficiently unreactive towards organo¬ 

lithium compounds for ortho-metallation to occur rather than addition to the carbonyl group 
(see Section 3.2). 



TABLE 6.3 

Synthesis of Aldehydes by Reactions of Organolithium Compounds 
with 7V,yV-Dialkylformamides 

Organolithium 
Formamide compound Product (yield %) Ref. 

DMF 

DMF 

DMF 

DMF 

DMF 

MeO^^\OMe 

MeO\j^OMe 

Bu1 
/ 

/^\CON(Li)Bu' 

\^Li 

/—Sv Me 
057) 

CHO 

PhCChCHO (68)" 

CHO 
MeO 

MeO 

OMe 
(72) 

OMe 

(6) 

(7) 

(5) 

(9) 

(9) 

DMF 

PhN(Me)CHO 

[1] 

CHO 

OMe 

PhLi 

OMe 

UO) 

(2) 

(11) 

(4) 

"The corresponding reaction with methyl formate, described in Section 6.2, gives better results 

in this case. *Cyclized product obtained after acid work-up. 
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reactions can be carried out. One of the first examples is shown below (17);* 
for other examples see Refs (19) and (20):f 

_Li 

[/ \\ MeCQNMe2 (3 

Me 
/ 

C-OLi 
/ \ 

NMe2 EtLi 

Me 
/ 

C-OLi 
/ \ 

// \\ NMe2 

DMF 

Me OLi 
\ / 
,C-NMe2 

OLi 

NMe2 

h3o+ Cl 
COMe 

CHO 

a/3-Unsaturated amides, both secondary and tertiary, are more prone to 

conjugate addition than a/3-unsaturated esters and ketones; with the amides 

this mode of addition has been found to occur even without special steric or 

solvent effects or copper catalysis (22, 23). Such reactions are the basis for 
useful tandem addition-alkylation sequences: 

R4Li 
R'CH=CHCONR2R3 

E+ 

rir4chch.-cnr2r3 
e : I 

o 

r'r4chchconr2r3 
I 

E 

It should be noted, however, that “anti-Michael” additions may occur as 

well as (or even in place of) Michael addition to a/3-unsaturated secondary 

amides, particularly when the group X is carbanion-stabilizing (24): 

R 

X‘X2C=CHCONHMe x‘X2CCH 
I \ 

Li CONLiMe 

R 

XC^CCONHMe XC(Li)=C 
\ 

CONLiMe 

R 
H^o „lv2 / 

X X CHCH 
\ 

CONHMe 

R 

h2o / 
XCH=C 

\ 
CONHMe 

* The paper does not give experimental details for this example, but it is a particularly apposite 

one for this section. Sequences involving reactions of lithiated DMF adducts with tributyl borate 

and with carbon dioxide are fully described (77). 

f Similar intermediates can also be prepared by reactions of lithium dialkylamides with 
aromatic aldehydes (21). 



86 6. ADDITION TO CARBONYL GROUPS 

TABLE 6.4 

Reactions of Organolithium Compounds with ^TV-Dialkyl Amides, 
Chlorocarbamates and Carbamate Esters 

Organolithium 
Amide etc. compound Product (yield %) Ref. 

MeCON 
-Me 

PhLi PhCOMe (77) (13) 

CH(OEt)2 
/ 

Me2CHCH2CONMe2 CH2=C 
\ 

Li 

PhCONMe2 

CICONEtz 

MeLi 

OCONEt2 

/ 
CH(OEt)2 

CH2=C 
\ 

(70) 

COCH2CHMe2 

PhCOMe (83) 

OCONEtz 
CONEtz 

(89) 

(14) 

U) 

(15) 

ClCONEt2 

CH2NMe2 

O 
Li 

CH2NMe 

0 (65> 
CONEtz 

(16) 

EtOCONMez CO /s/(92) (17) 

"Note that PhOCONEt2 undergoes O-metallation by s-butyllithium rather than reaction with 

the carbamate group. 

Conjugate addition is also observed with “vinylogous amides” (enamino- 

ketones), which are readily prepared from ketones and DMF acetals; for 

example (25) 

75% 
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Reaction with DMF: 3-chloro-2-(methoxymethoxy)benzaldehyde (26) 

Cl 
OCH2OMe 

Cl 
BuLi, TMEDA 

OCH2OMe 

Li 

(i) DMF 
(ii) H3Q+ 

(iii) NaHSO, 
(iv) OH 

Cl 
OCH2OMe 

CHO 

TMEDA (53.0 g, 0.5 mmol) is added to n-butyllithium (ca. 2 m in hexane, 

0.5 mol). The solution is cooled to 0° and stirred as l-chloro-2-(methoxy- 

methoxy)benzene (86.3 g, 0.5 mol) is added at 0-5° during 30 min. Stirring 

at this temperature is continued for 30 min. The resulting yellow slurry is 

transferred under nitrogen to a pressure-equalizing dropping funnel attached 

to a 2 1 three-necked flask containing a solution of DMF (43.8 g, 0.6 mol) in 

xylene (470 ml). The DMF solution is maintained at 0-5° and stirred 

vigorously as the organolithium slurry is added during 25 min. Stirring is 

continued for 1 h. The reaction mixture is then transferred slowly through 

a polyethylene tube into a stirred mixture of concentrated hydrochloric acid 

(190ml) and crushed ice (900ml), the temperature being kept below 5°. 

When the transfer is complete, stirring is continued for 20 min. The organic 

phase is separated and washed successively with ice-cold m hydrochloric acid 

(200 ml) and saturated aqueous sodium chloride (200 ml). The organic layer 

is then stirred for 20 min with a solution of sodium bisulphite (52 g, 0.5 mol) 

in water (120 ml) mixed with ice (150 g). The aqueous layer is separated and 

kept cold. The extraction of the organic layer is repeated twice, but each time 

with half the original quantities. The bisulphite extracts are combined and 

kept below 10° as an aqueous solution of sodium hydroxide (45 g) is added 

slowly to the stirred mixture, the pH being finally adjusted to 11. The 

resulting crystalline precipitate is collected by suction filtration, washed with 

water, and air dried to give 3-chloro-2-(methoxymethoxy)benzaldehyde 
(85.4g, 85%), m.p. 38-40°. 
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6.4. ADDITION TO CUMULATED CARBONYL GROUPS 
AND CARBOXYLATE IONS 

Reactions of organolithium compounds with cumulated carbonyl groups, 

apart from the familiar ones with carbon dioxide, have been under-exploited. 

The reaction with ketenes is a promising method for preparing enolates, 

particularly as they are formed stereospecifically in some cases, such as the 
following (7): 
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The reaction with isocyanates is a useful method for synthesizing amides:* 

R1 

RLi + R2N=C=0 -+ R2N=C —° > R2NHCOR! 
\ 

OLi 

Examples of both of these types of reaction are shown in Table 6.5. 

Although the reaction of organolithium compounds with carbon dioxide, 

giving lithium carboxylates and thence carboxylic acids, is so familiar, it is 
not without its problems; it is linked here with the associated further reac¬ 

tions of the carboxylate to give, after hydrolysis, a ketone (and unwanted still 
further reaction to give a tertiary alcohol): 

RLi + C02 

O /, 
R-C.;e Li® 

N- 

o 

RLi 
-> 

OLi 
/ 

r2c 
\ 

OLi 

H2Q or 

- Li2cT r2c=o 

RCOzH R3COH R3COLi 

Of these reactions, the one leading to the carboxylic acid is most commonly 

desired. The ones leading to ketone or alcohol are often unwanted side- 

reactions (though good yields of symmetrical ketones can sometimes be 

obtained (8, 9)). However, the reaction of an organolithium compound with 

a carboxylate salt provides a very useful synthesis of unsymmetrical ketones. 

In order to obtain the best yield of a carboxylic acid, it is necessary to avoid 

as far as possible the simultaneous presence of the organolithium compound 

and the carboxylate salt, particularly at other than low temperatures. This 

is most simply accomplished by pouring a solution of the organolithium 

compound onto solid carbon dioxide. The most convenient vessel is a wide¬ 

mouthed conical flask or a tall beaker. If the flask is flushed with dry nitrogen 

and fresh dry solid carbon dioxide is placed in the vessel, which is then 

covered with a clock glass, the evaporating carbon dioxide effectively 

blankets the solid. The solid carbon dioxide should be crushed, and it is some¬ 

times advantageous to cover it with a dry solvent such as ether. The 

organolithium solution is then added by syringe, by syphoning from the 

vessel in which it isprepared, or even simply by pouring. The metal apparatus 

* In Barbier-type syntheses from aryl halide, the metal, and an isocyanate, lithium was much 

less satisfactory than magnesium (2). 
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TABLE 6.6 

Synthesis of Carboxylic Acids by Reaction of Organolithium Compounds with 
Carbon Dioxide 

Organolithium Yield of corresponding 
compound carboxylic acid (%) Ref. 

>90 

64 

76 

80c 

59 

(78) d, e 

65 

63J 

66 s 

UD 

{12) 

{13) 

{14) 

{15) 

{16) 

{17) 

{18) 

{19) 

"Carboxylation occurs with retention of configuration. bSee Section 3.1.2. f A solution of 

carbon dioxide in THF at -90° was used. d Carbon dioxide bubbled into solution at -78°. 

f Yield of lactone [2] obtained after treatment of reaction mixture with p-toluenesulphonic acid. 

^Carbon dioxide bubbled into suspension at -30°. * Solid added to solid carbon dioxide- 

ether slurry. 
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for reactions of Grignard reagents with 13C02, described in Ref. (10), could 

presumably also be used for organolithium compounds. 

Some examples of syntheses of carboxylic acids from organolithium 

compounds are listed in Table 6.6; some of these examples illustrate alter¬ 

natives to the procedure described above. The following description is of the 

commonly used procedure. 

Reaction with carbon dioxide; 2-chloro-3,3-diphenylacryIic acid (20) 

Li C02H 

Ph2C=CHCl BuL‘ > Ph2C=C ,(!j ??*> Ph2C=C \ (11) n3u \ 

Cl Cl 

A solution of l-chloro-2,2-diphenylethene (6.45 g, 30 mmol) in THF (50 ml) 

under nitrogen is cooled to -71 ± 1°" and stirred at that temperature as 

n-butyllithium (ca. 1.3 m in diethyl ether, 30 mmol) is added during 1 h. The 

colour of the reaction mixture is initially pink, then yellow, and finally light- 

brown. The mixture is poured onto powdered solid carbon dioxide covered 

with dry ether. A colourless precipitate is formed. Water is added, and the 

ether-THF mixture is evaporated on a rotary evaporator. The aqueous 

solution is extracted with ether. The aqueous layer is separated, acidified with 

an excess of dilute sulphuric acid, and thoroughly extracted with ether. The 

combined ether extracts from the acidified solution are dried (CaCl2), filtered 

and evaporated, to yield 2-chloro-3,3-diphenylacrylic acid (6.43 g, 86%), 
m.p. 130-133°.6 

"Careful control of the temperature is needed to minimize rearrangement of the 
2,2-diphenyl-l-chloroethenyllithium. In this experiment, evaporation of the original 
ether extract gave a mixture of the acrylic acid (ca. 0.24 g) and diphenylacetylene (ca. 
0.56 g) (20). 

b Recrystallization from hexane gives pure acid (6.20 g), m.p. 136°. 

The reaction of an organolithium compound with a carboxylic acid or a 

carboxylate salt, to give a ketone, has been known since 1933 (5), but was 

regarded as very unpredictable. However, Bare and House showed that, 

provided that the experimental conditions are carefully controlled, con¬ 

sistently high yields are achievable (21). The necessary factors have been 

described (9, 21); they may be summarized as follows. 

(i) If the free acid is used, with two equivalents of the organolithium 

compound, efficient cooling and stirring is needed to control the 

exothermic reaction. Preferably, as in the example described below, 
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the lithium carboxylate is pre-formed, for example by reaction with 
lithium hydride.* 

(ii) The presence of unreacted organolithium compound at the end of the 

reaction should be avoided if possible. The hydrolysis procedure should 

ensure that the simultaneous presence of ketone and organolithium 

compound is minimized, for example by adding the reaction mixture to 
a large excess of the hydrolysing medium, with efficient stirring. 

Tables of examples are given in Ref. (9), which also includes representative 

experimental procedures. Further examples are listed in Table 6.7, and an 
intramolecular reaction is shown below (22): 

Reaction with a carboxylate; acetylcyclohexane (9, 27) 

C02H 

LiH 
-> 

COzLi 

(i) MeLi 

(ii) H30+> 

COMe 

Powdered lithium hydride (1.39 g, 0.174 mol) is suspended in dry 1,2- 

dimethoxyethane (freshly distilled from lithium aluminium hydride, 100 ml) 

under nitrogen. The suspension is stirred vigorously as a solution of cyclo- 

hexanecarboxylic acid (19.25 g, 0.150 mol) in dry 1,2-dimethoxyethane 

(100 ml) is added. (CAUTION: vigorous evolution of hydrogen.) The 

resulting mixture is heated and stirred under reflux for 2.5 h. The suspension 

is cooled to ca. 10° and stirred rapidly as methyllithium (ca. 1.4 m in ether, 

* Successful reactions with lithium formate, leading to aldehydes, have so far only been 

reported for organomagnesium compounds (23). 
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TABLE 6.7 

Synthesis of Ketones by Reactions of Organolithium Compounds with Carboxylates 

Carboxylate 
Organolithium 

compound Product (yield %) Ref. 

CH3CH2CH2C02Li PhLi PhCOCH2CH2CH3 (up to 90) (24) 

n-CnH34C02Li CH2=CHLi n-C17H34COCH = CH2 (70) (25) 

PhCCbLi 4-MeC6H4Li 4-MeC6H4COPh (up to 79) (26f 

"In certain cases prolonged reaction led to “scrambling” of aryl groups. 

0.170 mol) is added dropwise during 30 min. The ice bath is then removed 

and stirring is continued at room temperature for 2 h.The reaction flask is 

fitted with a dip tube to enable the contents to be transferred by nitrogen 

pressure. The reaction mixture, a fine suspension, is agitated and transferred 

into a vigorously stirred mixture of concentrated hydrochloric acid (27 ml, 

0.32 mol) and water (400 ml). The flask is rinsed with ether (100 ml), which 

is also added to the aqueous mixture. The resulting mixture is saturated with 

sodium chloride. The organic phase is separated, and the aqueous phase 

(which is alkaline) is extracted with ether (3 x 150 ml). The combined 

organic phases are dried (MgS04) and most of the solvent is distilled (40 cm 

Vigreux column). The pale yellow, liquid residue is distilled (10 cm Vigreux 

column), the fraction b.p. 57-60°/8mmHg being collected as acetylcyclo- 

hexane (ca. 17.6g, 93%), nd6 ca. 1.4485. 
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6.5. ADDITION TO CARBON MONOXIDE AND 
METAL CARBONYLS 

6.5.1. Addition to Carbon Monoxide; Generation and Trapping of 
Acyllithium Compounds 

It is well-established that the primary product from the reaction of carbon 

monoxide with an organolithium compound is an acyllithium compound: 

RLi + CO 

R 
\ 

c=o 
/ 

Li 

However, until recently almost all attempts to utilize the primary adduct were 

unsuccessful, and although some secondary products were obtained in 

acceptable yields, such reactions were of very limited usefulness (for a review 

see Ref. (1)). One recent attempt that met with some success involved the 

reaction of phenyllithium with carbon monoxide in the presence of a 

primary alkyl halide RX at — 78° to give good yields of the tertiary alcohol 

Ph2C(OH)R, derived from addition of phenyllithium to the ketone PhCOR 

(2). However, it is the work of Seyferth et al. that has demonstrated that 

under the right conditions many acyllithium compounds may be trapped in 

fair-to-good yields by a variety of electrophiles (7). The range of electrophilic 

reagents that have been employed, and the types of product obtained, are 

shown in Table 6.8. The success of these reactions depends on the organo¬ 

lithium compound reacting more rapidly with carbon monoxide than with’ 
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TABLE 6.8 

Trapping of Acyllithium Intermediates (R'COLi) by 
Electrophiles 

Electrophilic 
reagent Product" Ref. 

R2N=C=NR2 

NHR2 
/ 

r'coc 
\ 

NR2 

(5) 

r2cho R‘COCH(OH)R2 (4) 

r2cor3 R'COC(OH)R2R3 (4, 5) 

r2coor36 R'COCOR2 (6) 

r2n=c=o R'COCONHR2 (7) 

Fe(CO)5c R'COC: Fe(CO)4 (8) 

OLi 

r2n=c=s R'COCSNHR2 (7) 

cs2 R'COS0d (9) 

r2ssr2 r'cosr2 (10) 

Sn R'COSMe6, (10) 

R2SiCl R'COSiR3 (11) 

“ After hydrolysis where appropriate. b Also with lactones (5). ‘ See Section 

6.5.2. rfBy loss of CS from R'COCSzLi; trapped by Mel, Me3SiCl or 

Me3SnBr. e After reaction with Mel. 

the co-electrophile at the very low temperatures used—as low as - 135°. 

Alkyllithium compounds have so far proved most successful in these reac¬ 

tions, especially where there is some steric hindrance. These types of reaction 

are clearly capable of further development; in particular the use of different 

types of organolithium compound requires further study (12). 

Analogous reactions of cuprates, giving conjugate addition of the acyl- 

metal intermediate to enones, have also been reported (75): 

Bu|(CN)CuLi2 + CO + O 

O 
II 

BusC 

O 
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Generation and trapping of an acyllithium compound; 

3-hydroxy-2,2,3-trimethy/octan-4-one (14) 

97 

CO + Me3CCOMe 
(i) BuLi, -110° 

(ii) aq. NH4C1 

A 2 1 three-necked flask is equipped with a stirrer, a low-temperature ther¬ 

mometer and a gas dispersion tube. In the flask are placed THF (400 ml), 

ether (100 ml), pentane (100 ml) and pinacolone (3,3-dimethylbutan-2-one; 

distilled from potassium carbonate) (7.92 g, 79.1 mmol). The mixture is 

cooled to - 110°° and carbon monoxide is bubbled in for 30 min. n-Butyl- 

lithium (ca. 2.5 m in pentane, 78.4 mmol) is added at 0.67 ml min-1 by means 

of a syringe pump.* The stream of carbon monoxide is maintained while the 

orange reaction mixture is stirred at - 110° for 2 h. The mixture is allowed 

to warm to room temperature over 1.5 h, during which time it becomes 

yellow in colour. Saturated aqueous ammonium chloride is added. The 

colourless aqueous layer is separated from the pale-yellow organic layer and 

washed with pentane (2 x 100 ml). The organic layers are combined and 

dried (MgS04), and the solvents are removed by distillation through a short 

Vigreux column. The residue is distilled under reduced pressure, the fraction 

b.p. 120-122V30 mmHg being collected as 3-hydroxy-2,2,3-trimethyl- 
octan-4-one (10.8 g, 73%), no 1.4442. 

“b It is important to measure the true internal temperature of the reaction mixture. 
If a syringe pump is not available then very slow manual addition at as constant 

a rate as possible may be employed. 
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6.5.2. Addition to Metal Carbonyls 

The addition of organolithium compounds to transition metal carbonyls 

generally follows the pattern shown here: 

RLi + M(CO)„ —> R-C:M(CO)„_i 

OLi 

This type of reaction, and the chemistry of the resulting “carbene com¬ 

plexes”, have been extensively studied (7, 2), but their application in organic 

synthesis has developed slowly, despite the early realization that they could 

act as acyl-anion equivalents (7):* 

E® 
I 

R —C : M(CO)„_i 
I 

OeLi® 

R-C 
-N 

O 

Many applications involve, for example, methoxycarbene complexes obtained 

by O-methylation of the initial adducts, and thus fall outside the scope of 

a book on organolithium methods. The preparation of a methoxycarbene 

complex described below is typical. This is adapted from one of a group of 

three papers which briefly review earlier work as well as reporting new results 

*An ingenious extension of this principle is shown below; addition to coordinated carbon 

monoxide is followed by intramolecular conjugate addition to coordinated enone (4): 

R1 

I O 
Fe(COh 

Ph 

R1 

-N. I 
R2C: Fe(CO)2 

K . 
OLi 

O 

O 
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on the synthesis of anthracyclinones (4-6). The addition of methyllithium 

to chromium hexacarbonyl (7) and of methyl- and phenyllithium to a car¬ 

bonyl group in the complex [Ru2(CO)4(?7-C5H5)2] have been described in 
detail (8). 

Addition to chromium hexacarbonyl; pentacarbony/[methyoxy(l,4- 

dimethoxy-2-naphthyl)carbene] chromium(o) (4) 

2-Bromo-l,4-dimethoxynaphthalene (4.01 g, 15 mmol) is dissolved in diethyl 
ether (40 ml) under nitrogen. The solution is stirred at room temperature as 

n-butyllithium (ca. 1.6 m in hexane, 15 mmol) is added during ca. 45 min, 

during which time the colour changes from yellow to orange. Stirring is 
continued for 2 h. 

Chromium hexacarbonyl (3.30 g, 15 mmol) is suspended in ether (75 ml) 

under nitrogen, and the suspension is stirred as the naphthyllithium solution 

is added dropwise during 30 min. The suspension first turns lemon-yellow, 

then reddish-brown. Stirring is continued for 2h, and the solvent is 

evaporated under reduced pressure to leave a yellowish powder. This powder 

is dissolved in water (100 ml). Pentane (100 ml) and trimethyloxonium tetra- 

fluoroborate (3.34 g, 22.5 mmol) are immediately added and the mixture is 

stirred vigorously. The pentane layer is separated and the aqueous layer is 

extracted with pentane (5 x 100 ml). The combined extracts (which are deep- 

red) are dried (Na2S04) and evaporated. Chromatography of the residue at 

— 25° (silica, dichloromethane-pentane) gives the methoxycarbene complex 

as red crystals (4.7 g, 74%), m.p. 93°, which are stable in air for some time. 
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7 
Addition of Organolithium Compounds 

to Thiocarbonyi Groups 

Although some reactions of organolithium compounds with thiocarbonyi 

compounds are analogous to those with carbonyl compounds, formally 

involving addition by attack of the “carbanion” on the thiocarbonyi carbon, 

an alternative mode of addition is often observed, in which the “carbanion” 

bonds to sulphur. The former mode of addition is known as carbophilic, and 
the latter, thiophilic. 

R‘Li + R2R3C=S —> R2R3C—SR 

Li 

It is not possible to predict with certainty which mode of addition will be 

followed in a particular case, though some broad generalizations can be 

made. The mechanism of thiophilic addition is also unclear, though some 

electron-transfer/radical character seems likely. Only representative types of 
both modes of reaction are included here; for more detailed discussion see 
General Ref. D(ii), pp. 40 and 68. 

7.1. CARBOPHILIC ADDITION 

Additions of organolithium compounds to thiocarbonyi groups, to form 

carbon-carbon bonds, are not on the whole of great practical value. The 

exception is addition to cumulated thiocarbonyi groups, and particularly to 

carbon disulphide, which is a useful method for preparing dithiocarboxylates 

and compounds that can be made from them in situ: 

S SE 

RLi -+■ CS2 —» R-C© Li® —> R-C 
/ 

S s 

101 
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Addition to isothiocyanates may also be used for synthesizing thioamides: 

R'Li + r2n=C=S 

R1 

R2N=C r2nhcsr2 
\ 

SLi 

Examples of both types of reaction are listed in Table 7.1. The detailed 
example of a reaction with carbon disulphide involves the lithium enolate of 
a carboxylate. 

Reaction with carbon disulphide; methyl 2-carboxydithiohexadecanoate (7) 

co2h 

Ci4H29CH2C02H CI4H29CH = C(OLi)2 C14H29CH/ 

Diisopropylamine (2.74 ml, 21 mmol) is added to THF (75 ml) contained in 
a flask flushed with nitrogen and cooled to —50°. The temperature is main¬ 
tained at —50 as n-butyllithium (ca. 1.6 m in hexane, 21 mmol) is added, 
followed by a solution of hexadecanoic acid (2.56 g, 10 mmol) and hexa- 
metapol (1.8 ml, 10 mmol) in THF. The solution is heated to 35° for 30 min, 
then cooled to -30° as carbon disulphide (0.665 ml, 11 mmol) is added. The 
temperature is maintained at —30° for 10min, then lowered to —50°. 
Iodomethane (0.619 ml, 10 mmol) is added, and the temperature is main¬ 
tained at -50° for 30min. While the temperature is still at -50°, dilute 
hydrochloric acid is added, causing a rapid rise in temperature. The aqueous 
layer is separated and extracted three times with light petroleum. The com¬ 
bined organic layers are washed with dilute hydrochloric acid and then with 
water, dried (Na2S04) and evaporated at room temperature to leave a yellow 
solid (3.30 g). Recrystallization from chloroform (20 ml) gives methyl 
2-carboxydithiohexadecanoate (2.54 g, 73%), m.p. 67-72° dec. 

In another experiment, following the addition of carbon disulphide the 
solution was heated to 50° for 2 h, resulting in decarboxylation. Addition of 
iodomethane followed by further heating gave a product consisting mainly 
of l,l-di(methylthio)hexadec-l-ene and methyl dithiohexadecanoate. 

In contrast with vinylogous amides, where conjugate addition of organo- 
lithium compounds is followed by elimination of lithium dialkylamide (see 
Section 6.3, p. 86), vinylogous thioamides give 1,4-adducts, which may be 
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trapped by methylation as follows (5): 

Vinylogous dithiocarbamates react similarly. 
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7.2. THIOPHILIC ADDITION 

Both the mechanisms and the applications of thiophilic addition to thiocar- 

bonyl compounds have been more thoroughly investigated for Grignard 

reagents than for organolithium compounds (see General Ref. D(ii)). Never¬ 

theless, it is established that high yields of thiophilic addition products are 

obtainable with the latter, as in the reaction of aryllithium compounds or n- 

butyllithium with thiobenzophenone (7, 2):* 

Ph^c=s ilS PhjCHSR 

With other thioketones, however, some carbophilic addition may also occur, 

* Thiophilic reactions with phenyl dithiobenzoate and phenyl trithiocarbonate are also 

described (I). 
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and in many cases the main reaction is reduction to the corresponding thiol 

(by /3-hydrogen transfer) (2-4). This reduction reaction is made use of in an 

overall transformation of a ketone into the corresponding thiol, an example 
of which is described in Organic Syntheses (5): 

r'r2c=o HS<CH^SFf 3 BuLi 
-> r‘r2c=s r‘r2chsh 

Thiophilic additions of organolithium compounds to thioketenes give 

lithiated vinyl sulphides, which can be trapped by electrophiles at low tem¬ 
peratures; at higher temperatures carbenoid reactions occur (6): 

SR3 

r'r2c=c=s r'r2c=c/ 
\ 

Li 

SR3 
/ 

R‘R2C=C 
\ 

E 
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8 
Substitution at Carbon by 

Organolithium Compounds 

The reactions described here are formally nucleophilic substitutions at 

carbon by carbanions”, though their mechanisms are in many cases far 

from straightforward. Organic halides are most commonly used as sub¬ 

strates, but in view of the complications often encountered, alternative 

leaving groups such as sulphonate have been tried, and have been found 

useful in a few cases. Alkoxides are not usually sufficiently good leaving 

groups except in the special case of ring opening of oxiranes and oxetanes. 

The useful reactions of acetals and orthoesters with Grignard reagents are 

rarely satisfactory with organolithium compounds (see General Ref. D(ii)). 

8.1. DISPLACEMENT OF HALIDE 

The following desirable reaction is susceptible to side-reactions involving 

elimination and metal-halogen exchange, and its mechanism and stereo¬ 
chemistry are often complicated (see General Ref. A and Ref. (/)): 

R‘Li + R2X —> R'R2 + LiX 

Nevertheless, good results are usually obtained without difficulty with 

organolithium compounds in which the “carbanion” is delocalized and 

primary alkyl halides. Bromides and iodides are generally preferred, but 

iodides are more susceptible to metal-halogen exchange, though methyl 

iodide usually works well. Benzylic and allylic halides are often satisfactory, 

though the former (particularly the chlorides) are susceptible to carbenoid 

reactions and with the latter rearranged products may be formed by SN2'-type 
reactions. 

In cases of difficulty, variations in the solvent and other conditions some¬ 

times lead to success; the presence of additives such as hexametapol in the 

reaction medium is often beneficial, as in the synthesis of 3-butylpyridine 
described below. 

107 
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Vinylic and aromatic halides are only directly substituted by organolithium 

compounds in special cases (see General Refs. A and D(ii)), though metal- 

halogen exchange followed by coupling or reactions via arynes (see Section 

16.1) may give the same overall result: 

ArX + RLi ;=± ArLi + RX —* ArR + LiX 

When alkylation of these types of halide* is desired, the use of organocopper 

intermediates (which may be prepared in situ from the organolithium com¬ 

pound) is the method of choice (2,3). Palladium-induced cross-coupling with 

vinylic and aromatic halides has been applied to Grignard reagents more than 

to organolithium compounds, but examples involving the latter are known 

and a general procedure has been described (4). 

Many examples of reactions of organolithium compounds with organic 

halides are tabulated in General Ref. A, and further well-described examples 

are listed in Table 8.1. Two representative alkylations of primary alkyl 

halides are fully described. 

Synthesis of 3-butylpyridine from 3-(lithiomethyl)pyridine and 

1-bromopropane (14) 

Diisopropylamine (2.53 g, 25 mmol) and THF (10 ml) are placed in a 300 ml 

three-necked flask equipped with a pressure-equalizing dropping funnel, a 

rubber septum and a magnetic stirrer, and furnished with an inert atmos¬ 

phere. The mixture is cooled to 0° and stirred as n-butyllithium (ca. 1.6 m 

in hexane, 25 mmol) is added by syringe. The resulting pale-yellow solution 

is stirred at 0° for 15 min. Hexametapol (4.5 g, 25 mmol) in THF (10 ml) is 

added and the resulting bright-yellow solution is stirred at 0° for 15 min. A 

solution of 3-methylpyridine (2.3 g, 25 mmol) in THF (10 ml) is added during 

5 min. Stirring is continued at 0° for 30 min, and a solution of 

1-bromopropane (3.10g, 25 mmol) in THF (15 ml) is added. The resulting 

solution is stirred at 25° for 1 h, and then poured into 10% hydrochloric acid. 

The resulting two layers are separated. The aqueous layer is made basic 

by the addition of solid potassium hydroxide and extracted with ether 

(3 x 20 ml). The combined organic layers are washed with water, dried 

* Organocopper intermediates may also be used for displacement of halogen in the presence 
of a carbonyl group (2, 3). 



TABLE 8.1 

Alkylation of Organic Halides by Organolithium Compounds 

Halide 
Organolithium 

compound Product (yield °7o) 

Mel 

Mel 

EtBr 

n-CgH uBr 

n-CuH29Br 

Li 

Li 

OMe 
/ 

h2c=c=c 
\ 

Li 

Me 

Et 

OMe 
/ 

H2C=C=C (85) 
\ 

C6H,3 

(almost 
quant.) 

Br(CH2)4Br 

EtOCH2Cl 

Me2CHl 

Me2C=CHCH2Br 

PhCH2Cl 

OMe 
/ 

h2c=c=c 

SMe 
/ 

PhCH 
\ 

Li 

(almost 
quant.) 

(CH2)4Br 
OMe 

/ 

H2C=C=C (78) 
\ 

CH2OEt 

S 

^)—CHMe2 (82) 
S 

PhCH (66) 
\ 

CH2Ph 

Ref. 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(12) 

(13) 
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(calcium chloride) and concentrated. Distillation of the residue gives 3-butyl- 

pyridine (2.60 g, 77%), b.p. 74-76V7 mmHg. 

Syntheses via lithiated 1,3-dithianes; 5,9-dithiaspiro[3.5]nonane (15) 

A solution of 2-lithio-l,3-dithiane is prepared as described on p. 36 and 

cooled to -75° (bath temperature). l-Bromo-3-chloropropane (65.5 g, 

44.5 ml, 0.417 mol) is added by syringe during 10 min. The bath temperature 

is slowly raised to -30° during 2 h, and then to room temperature during 

a further 2 h. The cooling bath is again cooled to -75° and n-butyllithium 

(in hexane, 0.44 mol) is added by syringe during 10 min, and the reaction 

mixture is then allowed to warm to room temperature overnight. The solvent 

is evaporated (rotary evaporator, bath temperature 50°, ca. 20 mmHg), and 

water (300 ml) and ether (500 ml) are added to the residue. The organic layer 

is separated, and the aqueous layer is extracted with ether (500 ml). The com¬ 

bined organic layers are washed with water (200 ml) and dried (anhydrous 

potassium carbonate, 10 g). The ether is distilled and the residue (ca. 75 g) 

is distilled through a packed column, the fraction b.p. 65-75°/l mmHg 

being collected as 5,9-dithiaspiro[3.5]nonane (44-57 g, 65-84%), «d° 

1.5700. 

The Organic Syntheses description includes the hydrolysis of the product 

to cyclobutanone (15). 
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8.2. DISPLACEMENT OF SULPHATE AND SULPHONATE 

On the whole, the use of leaving groups other than halogen offers little or 

no advantage, but there are a few exceptions to this generalization. 

(a) Reaction with dimethyl sulphate is a convenient alternative to reaction 

with iodomethane. Some examples are listed in Table 8.2, and others are 
tabulated in General Ref. A. Diethyl sulphate has also been used (7). 

TABLE 8.2 

Reactions of Organolithium Compounds with Dimethyl Sulphate 

Organolithium 

compound Product (yield %) Ref. 

OMe 
(74-76) 

OMe 
(2) 

“Several other examples described; methylation used to determine orientation of metallation 
and metal-halogen exchange reactions. 
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(b) Reaction with sulphonate esters is also often satisfactory, and in one 

case has been reported to proceed with 93% inversion of configuration (7).* 

Most work has been carried out with tosylates, but the originators of the 

experiment described below report that the use of benzenesulphonates avoids 

side-reactions involving lithiation of the ring methyl group in tosylates. An 

important limitation is that many reactions of organolithium compounds 

with arylsulphonates proceed by thiophilic attack (displacement of alkoxide) 

rather than by substitution at carbon (9). 

Alkylation of an arenesulphonate; 2-ethyl-1,3-dithiane (10) 

This procedure has been used for several analogous reactions. 

The experimental procedure for preparing a solution of 2-lithio-l,3-dithiane 

is as described in Section 3.2, p. 36, but using 1,3-dithiane (1.20 g, 10 mmol) 

in THF (20 ml). To this solution is added with stirring a solution of ethyl 

benzenesulphonate (18.6 g, 10 mmol) in THF (8 ml). The cooling bath is 

removed and stirring is continued for 24 h. A colourless precipitate separates 

from the slightly yellow solution. The mixture is poured into water (ca. 

150 ml) and extracted several times with pentane. The extract is washed with 

aqueous potassium hydroxide, dried (K2CO3) and evaporated, to leave crude 

2-ethyl-l,3-dithiane (85%), b.p. 83°/14mmHg. 
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8.3. NUCLEOPHILIC RING OPENING OF EPOXIDES 
AND OTHER CYCLIC ETHERS 

The reaction of organolithium compounds with oxirane (ethylene oxide) 
itself is a very useful and general method for two-carbon homologation: 

RLi + ^ + RCH2CH2OLi RCH2CH2OH 

An example is described below, and others are listed in Table 8.3; further 
examples are tabulated in General Ref. A. 

The corresponding reaction with substituted oxiranes is more susceptible 
to side-reactions (see General Ref. D(ii)), notably those consequent on 

deprotonation, and while monosubstituted oxiranes often give reasonable 

yields, more highly substituted oxiranes usually present problems except with 

“delocalized” organolithium compounds. Two approaches have had some 

success in overcoming these problems. The use of cuprates (7), particularly 

cyanocuprates (2), is covered in the reviews cited. Recently it has been 

demonstrated that activation of the oxirane ring by complexation with boron 

trifluoride can lead to high yields of desired ring-opened products (3, 4); 

although this procedure is so far relatively untried, it is potentially so useful 
that an example is described below. 

The regiochemistry of attack by organolithium compounds on substituted 

oxiranes is not always predictable. Usually the more electron-deficient 

carbon is attacked (as in the examples involving methyloxirane shown in 

Table 8.3), but steric factors are also important. The stereochemistry of the 
ring opening is normally trans. 

Reaction with oxirane; (E)-4-ethyloct-3-en-l-ol (14) 

Et I 
\ / 

C=CH 
/ 

n-C4H9 

(i) RLi 

(“)£ 
(iii) NH4CI aq. 

Et CH2CH2OH 
\ / 

C=CH 
/ 

n-C4H9 

Ether (75 ml) is placed in a 1 1 flask fitted with a stirrer and a pressure¬ 

equalizing dropping funnel, and furnished with an inert atmosphere. 

(£’)-2-Ethyl-l-iodohex-l-ene (10.5 g, 50 mmol) is added and the solution is 

cooled to -70° and maintained at that temperature and stirred as n- 

butyllithium (1.1 m in ether, 57 mmol)a is added. The mixture is stirred at 

-60° for 15 min and then cooled to -80°. Stirring and cooling is continued 

as a solution of oxirane (4.4 g, 100 mmol) in ether (60 ml) is added rapidly. 
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The mixture is allowed to warm to room temperature. After 30min, saturated 

aqueous ammonium chloride (80 ml) is added. The organic layer is separated. 

The aqueous layer is extracted with pentane (2 x 50 ml). The combined 

organic layers are dried (MgSOzp) and distilled, the fraction b.p. 109°/15 

mmHg being collected as (£,)-4-ethyloct-3-en-l-oli> (6.8 g, 88%). 

"Alternatively, ethyllithium (0.98 m in ether) was used (14). 

bn$i 1.4585. 

Ring opening of an epoxide promoted by boron trifluoride; 

trans-2-butylcyclohexanol (3, 15) 

t>H 

THF (7 ml) and boron trifluoride etherate (0.426 g, 3.0 mmol) are placed in 

a 25 ml round-bottomed flask fitted with a magnetic stirrer and a septum and 

furnished with an atmosphere of argon. The solution is cooled to —78° and 

stirred as n-butyllithium (ca. 2.1 m in hexane, 3.0 mmol) is added dropwise. 

Immediately thereafter neat cyclohexene oxide (0.098 g, 1.0 mmol) is added 

quickly; no colour changes are observed. Stirring at —78° is continued for 

5 min, by which time TLC indicates complete consumption of the epoxide. 

Saturated aqueous sodium hydrogencarbonate (3 ml) is added to the cold 

solution. After the mixture has warmed to room temperature most of the 

THF is evaporated under reduced pressure. Water (3 ml) is added and the 

mixture is extracted with 1:1 hexane: ether (3 x 10 ml). The combined 

extracts are dried (MgSOzO and concentrated. Flash chromatography of the 

residue (silica, 4:1 hexane : ethyl acetate) gives 7ra/7s-2-butylcyclohexanol 

(0.151 g, 97%). 

The use of oxetanes for three-carbon chain extension of organolithium 

compounds is comparatively little known, but gives good results with oxetane 

itself; examples are listed in Table 8.4: 

Few similar reactions of substituted oxetanes have been reported (16, 17, 

75); as in the case of substituted oxiranes, activation by boron trifluoride is 

reported to be effective in promoting the desired ring opening (3, 19).* 

* Even tetrahydrofuran rings may be opened in the presence of boron trifluoride (3, 20). 
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TABLE 8.4 

Ring Opening of Oxetane by Organolithium Compounds 

Organolithium 
compound Product (yield °7o) Ref. 

PhLi Ph(CH2)3OH (85) (21) 

Li 
/ 

PhCH 
\ 

NC 

(CH2)3OH 
/ 

PhCH (ca. 80) 

NC 

(22) 

Li 
/ 

PhCH 
\ 

SiMe3 

(CH2)3OH 
/ 

PhCH (58) 

SiMe3 

(23) 

/—s 

yu 
N—S 

/—s 

( }-(CH2)3OH (80) 
\—s (11) 

Reaction with oxetane; 3-pentachlorophenylpropan-l-ol (7) 

C6C16 
BuLi (oD° 

C6Cl5Li Wh2o c6ci5ch2ch2ch2oh 

Hexachlorobenzene (5.70 g, 20 mmol) is suspended in ether (200 ml) in a 

three-necked flask fitted with a septum, a pressure-equalizing dropping 

funnel, a thermometer and a magnetic stirrer, and furnished with an atmos¬ 

phere of nitrogen. The mixture is cooled to -70° and stirred as n-butyl- 

lithium (ca. 2.3 m in hexane, 22 mmol) is added by syringe. The mixture is 

stirred at -70° for 15 min and at -20° for 90 min. Stirring at -20° is con¬ 

tinued as a solution of oxetane (1.16 g, 20 mmol) in ether (40 ml) is added 

from the dropping funnel. The mixture is stirred at room temperature for 2 h. 

Water (50 ml) is added. The organic layer is separated and the aqueous layer is 

extracted with ether. The combined organic layers are dried and evaporated. 

The residue is subjected to chromatography on silica. Light petroleum elutes 

a mixture of pentachlorobenzene and polychlorobiphenyls, and chloroform 

elutes 3-pentachlorophenylpropan-l-ol (2.58 g, 43%), m.p. 97-98°. 
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Reactions of Organolithium Compounds 
with Proton Donors 

9.1. FORMATION OFXITHIUM ALKOXIDES, 
THIOLATES AND AMIDES 

The reaction of organolithium compounds with alcohols, phenols, thiols, 
primary and secondary amines, and the like is very general; 

R'Li + XH —* R‘H + LiX 

where X = R20- R2S- R2NH- R2R3N- 

It is often used as an efficient method for forming alkoxides etc. under 

anhydrous conditions, since the by-product R>H is innocuous or easily 

removed. The example of the preparation of LDA by the reaction of n-butyl- 

lithium with diisopropylamine has already been described (see pp. 37, 108).* 

Other examples are listed in Table 9.1. It has also been reported that the reac¬ 

tion of an organolithium compound with t-butylhydroperoxide at -78° 

gives lithium t-butylperoxide with only a little cleavage of the peroxide (2). 
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TABLE 9.1 

Preparation of Lithium Alkoxides, Thiolates and Amides 

Proton donor 
Organolithium 

compound Product Ref. 

MeOH Bu"Li MeOLi C3) 

Bu'OH BunLi Bu'OLi" (4) 

PhjCOH BunLi Ph3COLi (5) 

PhSH BunLi PhSLi (6) 

c6f5sh BunLi CeFsSLi (2) 

PhNH2 BunLi PhNHLia,i> (7) 

c6f5nh2 BunLi C6F5NHLi 

1 

(2) 

< NH MeLi 
/“V . 
( NLi (5) 

f w- 
(LiTMP) 

PhNHR 
(R = Me, Et) 

BunLi PhN(Li)R (9) 

(Me3Si)2NH BunLi (Me3Si)2NLi 
(LBTMSA) 

(10) 

“Other examples described. * Isolated as hexametapol complex. 

9.2. HYDROGEN ISOTOPIC LABELLING VIA 
ORGANOLITHIUM COMPOUNDS 

The reaction of an organolithium compound with an O-deuteriated or 

tritiated hydroxy compound is a valuable method for introducing a hydrogen 

isotope efficiently into a selected position: 

RLi + R'OD (T) —> RD (T) + LiOR' 

The most commonly used source of the hydrogen isotope is labelled water 

or methanol, the latter ensuring a homogeneous solution. Labelled car¬ 

boxylic acids are also occasionally used (/). Very good yields and incor¬ 

porations are usually achieved; the following is an example of the use of the 

reaction with D20 to accomplish multiple labelling of benzoic acid 
derivatives (2): 
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(i) BuLi 

(ii) D20 

/ \ 
O N 

(i) BuLi D 

(ii) D20 ( r^D 
(iii) BuLi 
(iv) D20 

74% 

(do: di d2: d3: d4 = 
0:4:44:100:11) 

However, the reaction is not always as free from complications as is com¬ 

monly believed. This is because the rate of deuteriation (tritiation) is not 

always much faster than that of competing reactions (5-5). The very high 

rate of a lithium-halogen exchange reaction has in fact been taken advan¬ 

tage of. reactions of n-butyllithium with aryl halides in the presence of 

tritiated water led to tritium labelling of the aromatic ring (6). Nevertheless, 

this remains one of the best methods for hydrogen isotopic labelling in 

specific positions and with very high incorporations. Some examples of 

deuteriation are shown in Table 9.2. Some earlier examples are listed in 

General Ref. A, which also gives references to tritium labelling. A more 
recent example of the latter is shown below (7): 

70% chemical yield 
28 mCi mmol-1 

N-(l-d-2-Methylbutylidene)-l,l,3,3-tetramethylbutylamine and 
l-d-2-methylbutanal (13) 

Me ^ Bus Me Bus 

Me3CCH2C-N=C Me3CCH2C-N=C X 
I \ I \ 

Me Li Me D 

Me 
h3o+ I 
-*• MeCH2CHCDO 
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TABLE 9.2 

Deuterium Labelling via Organolithium Compounds 

Organolithium Source of Labelled product Incorporation 
compound deuterium (yield %) (%) Ref. 

“The low yield is a consequence of the rigorous isolation and purification procedure used. 

A solution of 4-lithio-3,6,6,8,8-pentamethyl-5-azanon-4-ene is prepared as 

described on p. 66 and stirred rapidly at ca. -5° as deuterium oxide (8.0 ml, 

0.40 mol) is injected rapidly; the temperature of the solution rises to ca. 30°. 

The cooling bath is removed and stirring is continued for 30 min. The 

solution is filtered into a 1 1 distillation flask. The reaction flask is rinsed with 

pentane, and the rinse is added to the distillation flask. The solvent is 

evaporated and the residue fractionally distilled, the fraction b.p. 52.5-54°/ 

1.5 mmHg being collected as the deuterioaldimine (33.7-34.9 g, 85—88%). 

A 1 1 three-necked round-bottomed flask is equipped with a dropping 

funnel, a steam inlet tube, and a Dean and Stark trap fitted with a condenser 
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through which acetone cooled to -150 is circulated. A solution of oxalic acid 

dihydrate (50.4 g, 0.40 mol) in water (200 ml) is added to the flask and heated 

to reflux. Steam is passed into the flask, and when some begins to condense 

in the trap the deuterioaldimine is added dropwise from the funnel. The 

aldehyde and water collect in the trap, from which the water is periodically 

removed. After all the aldehyde has distilled, the distillate is drained from 

the trap. The water layer is separated and discarded. The organic layer is 

washed with saturated aqueous sodium chloride (3 x 25 ml), dried (CaS04) 

and fractionally distilled to give l-tf-2-methylbutanal (13.0-13.3 g, 87-88%), 
b.p. 92-93°, with an isotopic purity of ca. 98%. 
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11. See Section 3.2, Ref. (18). 
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9.3. INDIRECT REDUCTION OF ORGANIC HALIDES 

The following reaction sequence represents an overall reduction of the 
organic halide: 

RX 
R'Li or Li 

RLi 
H + 

RH 

It has not been extensively applied, but can be useful because of its selec¬ 

tivity and/or because of the mild conditions required (especially with 

metal-halogen exchange as the first step). For example, reaction of the 
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dibromocyclopropane [1] with methyllithium at —80° followed by 

hydrolysis gave exclusively the exo-monobromocyclopropane [2] in high 

yield (7):* 

Br 

[1] 

Reference 

1. K. G. Taylor, W. E. Hobbs and M. Saquet, J. Org. Chem. 36, 369 (1971). 

* And deuterolysis gave 7-ejco-bromo-7-e/?c/o-deuterio-2-oxabicyclo[4.1.0]heptane. 
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Formation of Carbon-Nitrogen Bonds 

via Organolithium Compounds 

Much effort has been devoted to achieving conversion of organolithium 

compounds into compounds with carbon-nitrogen bonds in place of 

carbon-lithium bonds; a good synthesis of amines has been particularly 

sought. Most of the reported reactions involve the displacement of a good 

leaving group from nitrogen, or addition to nitrogen-nitrogen multiple 
bonds (see General Ref. D(ii)). A selection is shown below: 

r'no2 

Of these methods, the most generally useful are those with hydroxylamine 
derivatives and those with azides. 

10.1. REACTIONS WITH HYDROXYLAMINE DERIVATIVES 

Various O-substituted hydroxylamines have been tried for converting 

organolithium compounds into the corresponding primary amines. The most 

consistently useful of them, methoxyamine, suffered from the disadvan¬ 

tage that two or more equivalents of the organolithium compound were 

required. This disadvantage was overcome when Beak confirmed that a 

methoxyamine-methyllithium reagent could be used (/, 2). It was subse¬ 

quently shown that secondary amines could be prepared similarly from N- 

substituted methoxyamines (2-4). Boche et al. have successfully employed 
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various O-phosphorus derivatives of hydroxylamine and A-substituted 

hydroxylamines (J) and have observed significant asymmetric induction by 

using the reagent [1] derived from (—)-ephedrine (6): 

Ph4 

Me' 
:°x° 
N 0-NMe2 
Me 

[1] 

Amination of phenyllithium (1) 

PhLi 
(i) MeONHz, MeLi 

(ii) H,0 * 
[PhNH2] 

PhCOCl 
PhNHCOPh 

Methyllithium" (ca. m in ether, 8.5 mmol) is stirred and cooled to - 780 under 

an atmosphere of nitrogen. A solution of methoxyamine (0.40 g, 8.5 mmol) 

in hexane (9 ml) is added at a rate of approximately 1 drop s-1, followed 

by phenyllithium (ca. 1.5 m in 30:70 ether-cyclohexane, 4.3 mmol). The 

mixture is allowed to warm to -15° and held at that temperature for 2 h. 

Water (0.5 ml) is added, followed by a mixture of pyridine (7 ml) and ether 

(6 ml) and then by a solution of benzoyl chloride (1.9 ml) in ether (7 ml). The 

mixture is stirred overnight. The product is isolated by extraction with 

chloroform and purified by chromatography (silica, 20% ethyl acetate- 

hexane) to give W-phenylbenzamide (0.76 g, 90%), m.p. 161.5-163°. 

"The presence or absence of lithium bromide is immaterial. 
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10.2. REACTIONS WITH AZIDES 

The course of reactions of organolithium compounds with azides is as 
follows: 

e 
RLi + X-N-N=N® 

X—NHN=NR 
or tautomer 

RN3 

If the group X is a poor leaving group then hydrolysis gives a triazene (and 

further hydrolysis leads to the amine) (7). However, if X is a good leaving 

group such as arenesulphonyl then elimination gives the azide corresponding 

to the organolithium compound. As in the following example, the azide can 

be isolated or it can be reduced to the corresponding amine. Other examples 
are described in Refs (2)-(4). 

Alternative azides for these types of reaction are diphenyl phosphorazidate 

(5) and trimethylsilylmethyl azide (6); both are reported to be less hazardous 
than tosyl azide, though on the basis of limited experience. 

Reaction with a sulphonyl azide; 2-azido-3,3 '-bithienyl and 
2-amino-3,3 '-bithienyl (7)a 

n-Butyllithium (ca. 1.6 m in n-hexane, 51 mmol) is cooled to -70° under an 

atmosphere of nitrogen. A solution of 2-bromo-3,3'-bithienyl (12.2 g, 
50 mmol) in ether (50 ml) is added dropwise with stirring at -70° and the 

mixture is stirred for a further 30 min at that temperature. Cooling to -70° 

is continued as an ethereal solution of p-toluenesulphonyl azide (10 g, 

55 mmol) is added dropwise, and for a further 5 h. The temperature of the 

mixture is allowed to rise to -10° and the suspension is rapidly filtered. The 

precipitate is washed with dry ether and then suspended in n-pentane (150 ml) 

at -70°. A solution of tetrasodium pyrophosphate (13.3 g, 50 mmol) in 

water (200 ml) is added. When the temperature of the mixture has reached 

0°, it is stirred for a few minutes, then cooled to -20° and kept at this tem¬ 

perature overnight. The organic phase is separated and dried, and the solvent 

is evaporated under reduced pressure at low temperature. The residual 

2-azido-3,3'-bithienyl (41%), a yellow solid, is stored at -20°. 
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Lithium aluminium hydride (1.0 g, 25 mmol)* is suspended in dry ether 
(30 ml). The suspension is stirred at 0° as a cold (-20°) solution of the azide 
(1.0 g, 5 mmol) in ether (20 ml) is added dropwise. The mixture is stirred at 
— 20° for 2 h and at room temperature for 2 h. It is again cooled as wet ether 
is added, followed by cold distilled water. The mixture is filtered and the 
filtrate is extracted with ether. The combined extracts are washed with water 
and dried, and the solvent is evaporated under reduced pressure. Distillation 
of the residue gives 2-amino-3,3'-bithienyl (87%), b.p. 120-122V0.5 mmHg. 

“ Several other examples are described. 
b Hydrogen sulphide (7) or sodium borohydride (2) may also be used for the 

reduction. 
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Formation of Carbon-Oxygen Bonds 
via Organolithium Compounds 

The functional-group interconversion RLi -»■ ROH or ROX could be very 
useful, but only a limited number of methods is available, and none is 
routinely satisfactory. Of the “direct” methods, reactions with dioxygen and 
peroxides are the best established. Reaction with the molybdenum pentoxide- 
pyridine-hexametapol complex (“MoOPH”) is relatively untried, but 
promising. 

11.1. REACTION WITH DIOXYGEN 

The reaction of organolithium compounds with dioxygen can be controlled 
to give at low temperatures a hydroperoxide or at higher temperatures an 
alcohol or phenol. 

RLi + O2 ROOLi -> 2ROLi 

h3o+ 

ROOH 2ROH 

However, many side-reactions occur and the yields of the desired products 
are often poor: in a recent study yields of phenols from aryllithium com¬ 
pounds ranged from 34 to 52% (7). Other examples are listed in General Ref. 
A. An exception to this generalization is the oxidation of lithium enolates, 
which can give good yields of either hydroxy or hydroperoxy derivatives, as 
in the following example. For further examples of reactions of organolithium 
compounds with dioxygen see Refs (2)-(4). 

Yields are usually improved when the organolithium compound is con¬ 
verted into an organomagnesium compound in situ by the addition of 
magnesium bromide, or when it is co-oxidized with an expendable Grignard 
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reagent (see General Refs A and D(ii)) as in the following example (5): 

(i) BunLi 
(ii) BunMgBr 

(iii) 02 1 
(iv) H30+ 

50-60% 

An example of a related indirect procedure, involving the preparation and 

oxidation of an organoboron intermediate, is described on p. 151.* 

Reaction with dioxygen; a-hydroxyphenylacetic acid and 

a-hydroperoxyphenylacetic acid (7) 

2 BuLi 
PhCH2C02H -» 

OH 
I 

PhCHC02H 

02 , 20° 
HjO+ 

[PhCHCO2]20 2Li® 

02, -70° 
h3o+ 

PhCHCOzH 
I 

OOH 

A 100 ml round-bottomed two-necked flask is fitted with a magnetic stirrer 

and a rubber septum, and furnished with a nitrogen atmosphere. A solution 

of phenylacetic acid (0.17 g, 1.4 mmol) in THF (30 ml) is introduced by 

syringe. The solution is cooled to -60° and stirred while n-butyllithium (ca. 

2 m in hexane, 1.4 mmol) is added dropwise by syringe during ca. 5 min. After 

60 min the mixture is allowed to warm to -40° and further n-butyllithium 

(1.4 mmol) is added dropwise. During this stage the colour of the solution 

turns from pale-yellow to dark-red. The mixture is stirred at -40° for a 

further 100 min. 

(a) The solution is allowed to warm to ca. 20° and stirred as a fast stream 

of dry oxygen is passed into it by means of a stainless-steel capillary tube. 

When the resulting precipitation is complete, the solvent is removed by means 

of a rotary evaporator {ca. 30°/20 mmHg). The residue is treated with 10% 

For a one-step modification of this procedure see Ref. (6). 
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hydrochloric acid and extracted with ether (4 x 5 ml). The combined extracts 

are dried (MgS04) and the solvent is evaporated, leaving a-hydroxyphenyl- 
acetic acid (86%). P y 

.(b) A 100 ml round-bottomed two-necked flask is fitted with a magnetic 
stirrer and a septum, and furnished with a nitrogen atmosphere. THF (50 ml) 

is introduced, cooled to -78°, and saturated with dry oxygen, introduced 

through the septum by means of a stainless-steel capillary inlet. The solution 
is stirred and maintained at -70°, with continuous bubbling of oxygen, as 

a solution of the dilithiocarboxylate, prepared as described above, is added 

dropwise during 110 min by means of a stainless-steel capillary syphon, 

passed through the septum. The mixture is stirred at -78° for 30 min, and 

this temperature is rigorously maintained as 10% hydrochloric acid is added 

dropwise by means of a syringe. The mixture is allowed to warm to 5°, 

transferred to a separating funnel, and diluted with approximately two 

volumes of ice. It is extracted with ether (6x10 ml) while the temperature 

is kept below 10° by the addition of more ice. The combined extracts are dried 

(MgSOfl in a refrigerator. First the ether is evaporated in a rotary evaporator 

(10°/10 mmHg), followed by the remaining solvent (10V0.1 mmHg). The 
residue is crude a-hydroperoxyphenylacetic acid (82%).° 

Three recrystallizations from ether-benzene gave a sample, m p 96-97° dec 
96% pure by iodometric titration (7). 

V ’ 
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11.2. REACTION WITH PEROXIDES 

The general reaction of an organolithium compound with a peroxide is as 

follows, where the groups R2 and R3 can be alkyl, aryl, acyl or a metal: 

R’Li + R2OOR3 — R‘OR2 + LiOR3 
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TABLE 11.1 

Reactions of Organolithium Compounds with Bis(trimethylsilyl)peroxidea 

Hydrolysis product 
(overall yield from 

Organolithium organolithium 
compound Silyl ether (yield %) compound, %) Ref. 

BuLi BuOH (98) (2) 

OMe OMe 

"Refs (7) and (2) give good experimental details for the preparation of the peroxide. bAs 

2,4-dinitrophenylhydrazone. ‘ Mixture with phenol. 

Examples of several variants on this type of reaction have been described (see 

General Ref. D(ii) and Ref. (7)). Probably the most generally useful is the 

reaction with bis(trimethylsilyl)peroxide, giving trimethylsilyl ethers, which 

may be easily hydrolysed to the corresponding hydroxy-compounds (1-3). 

Several examples are given in each of the references cited; some represen¬ 

tative examples are listed in Table 11.1. 

References 

1. See Section 3.1.3, Ref. (15). 

2. M. Taddei and A. Ricci, Synthesis 633 (1986). 

3. L. Camici, A. Ricci and M Taddei, Tetrahedron Lett. 27, 5155 (1986). 
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11.3. REACTION WITH MOLYBDENUM 

PENTOXIDE-PYRIDINE-HEXAMETAPOL 

Molybdenum pentoxide forms a 1:1:1 complex with pyridine and hexa- 

metapol (MoOPH), which is readily prepared,* and under the recommended 

storage conditions is stable for several months (7). In the course of a study 

of reactions of n-butyllithium with transition-metal peroxides, Regen and 

Whitesides observed that a molybdenum pentoxide-hexametapol complex 

gave lithium butoxide (3). The MoOPH reagent has subsequently been used 

to oxidize various organolithium compounds, but it has been found par¬ 

ticularly effective with lithium enolates, including some that give poor results 

on direct oxygenation. The a-hydroxylation of camphor has been fully 

described, and conditions for hydroxylation of other ketones recommended 

(7). Besides carbonyl compounds (7, 4), types of compound that have been 

hydroxylated by lithiation followed by reaction with MoOPH include nitriles 
(2) and sulphones (5); in the latter case elimination gives a ketone: 

R‘R2CHS02Ar 
(i) LDA 

(ii) MoOPH 

SOzAr 
/ 

r'r2c 
\ 

OLi 

- LiSOzAr 
r‘r2c=o 
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* The Organic Syntheses procedure involves oxidation of molybdenum trioxide by hydrogen 
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Formation of Carbon-Sulphur Bonds 

via Organolithium Compounds* 

In contrast with the paucity of reactions for forming carbon-nitrogen 

bonds and carbon-oxygen bonds, there are many methods for forming 

carbon-sulphur bonds via organolithium compounds. One of them, thio- 
philic addition to thiocarbonyl groups, has been covered in Section 7.2. Of 

the others, reactions with elemental sulphur and cleavage of disulphides are 

very useful and general. Reactions with sulphur halides (and the related reac¬ 

tions with sulphenyl halides and thiocyanates) have been less commonly 

used. Of the various reactions with compounds containing sulphur-oxygen 

double bonds, that with sulphur dioxide is particularly useful. Thiophilic 

cleavage of thioethers is only valuable in special cases (see General Ref 
D(ii)). 

12.1. REACTION WITH ELEMENTAL SULPHUR 

The course of a reaction of an organolithium compound with elemental 
sulphur is as follows: 

R I i 
RLi + S„ -* RS„Li —^ RS„_,„R + Li2Sm 

RLi 

RSn-m-pR + LiS^R etc. 

Under carefully controlled conditions dialkyl polysulphides may be obtained 

(1»2), but normally the final product is mainly a lithium thiolate. The lithium 

thiolate may be protonated to give the thiol, as in the detailed example below, 

or caused to react with other electrophiles to give, for example, thioethers 

or thiolesters. Some other examples are listed in Table 12.1. 

* Several of the reactions described below have also been applied to the synthesis of 

organoselenium compounds, and examples are noted where appropriate. 
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TABLE 12.1 

Reactions of Organolithium Compounds with Sulphur 

Organolithium Reagent for 
compound thiolate 

MeC^CLi C1CN 

MeSSOzMe 

Bu‘C=CLi Me3SiCl 

"Similarly with selenium. 

Product (yield %) Ref. 

^0>SCOMe (45) (5)° 

MeC=CSCN (45) (6) 

MeC^CSSMe (54-68) (7) 

Bu'C=CSSiMe3 (60) (8) 

Thiophene-2-thiol (9) 

[T\ (0 Bu"Li 

(«) S„ 
(iii) H30+ 

A 3 1 flask is fitted with a stirrer and a 600 ml dropping funnel and furnished 

with a nitrogen atmosphere. Thiophene (56.5 g, 53 ml, 0.67 mol) and THF 

(500 ml) are placed in the flask and stirred and cooled to —40°. The tempera¬ 

ture is maintained at ca. -40° while n-butyllithium (ca. 1.4 m in pentane, 

0.66 mol) is added from the dropping funnel during 5 min. The temperature 

of the mixture is held between —30° and -20° for 1 h and then lowered to 

-70°. Powdered sulphur crystals (20.4 g, 0.67 mol) are added in one portion 

to the stirred mixture. After 30 min the temperature is allowed to rise to 

-10°. The solution is poured into rapidly stirred ice-water (11). The 

organic layer is separated and extracted with water (3 x 100 ml). The extracts 

are combined with the aqueous layer, cooled, and acidified with 4 m sulphuric 

acid. The acidified mixture is immediately extracted with ether (3 x 200 ml). 

The combined extracts are washed with water (2 x 100 ml) and dried 
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(Na2S04). The ether is distilled, and the residue is distilled under reduced 

pressure, the fraction b.p. 53-56V5 mmHg being collected as thiophene-2- 
thiol (49.5-53.5 g, 65-70%), nb5 1.6110. 
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12.2. REACTION WITH DISULPHIDES 

The cleavage of disulphides by organolithium compounds is so efficient and 

general that it is often used to characterize organolithium compounds; 

dimethyl and diphenyl disulphide are most commonly employed (see e.g. the 
tables in Ref. (1)): 

R'Li + R2SSR2 —► R'SR2 + LiSR2 

Some well-described examples are listed in Table 12.2. The following detailed 
example illustrates the mild conditions required. 

E-1-Phenylthio-l-hexene (11) 

A solution of E’-l-hexenyllithium is prepared as described on p. 29 from 

Zs-l-bromo-1 -hexene (0.98 g, 6 mmol) in Trapp mixture at - 120°. The tem¬ 

perature is maintained at -80° as a solution of diphenyldisulphide (1.31 g, 

6 mmol) in THF (10 ml) is added. The solution is stirred at —70° for 10 min 

and at room temperature for 45 min. The reaction mixture is shaken with a 



TABLE 12.2 

Synthesis of Thioethers from Organolithium Compounds and Disulphides 

Organolithium 
compound Disulphide 

n-C14H29CH(Li)C02Li MeSSMe 

OMe 
/ 

h2c=c=c 
\ 

Me 
/ 

(EtO)2P(0)CH 
\ 

OMe 

MeSSMe 

MeSSMe 

EtSSEt 

Pr'SSPr' 

PhSSPh" 

PhSSPh 

PhSSPh 

Product (yield %) 

SMe 
/ 

n-Ci4H29CH (90) 
\ 

co2h 

OMe 
/ 

h2c=c=c 
\ 

(76) 

SMe 

SN’ 
Me 

SMe (68) 

OMe 
* SEt 

(83) 

OMe 

SPr' 

(68) 
SPr' 

Me 

(Et0)2P(0)CH 

SPh 

(87) 

ch2oh 

SPh 

CH2SPh 

(72) 

(84) 
COOEt 

OMe 

Ref. 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(3) 

(9) 

"Similarly with PhSeSePh; for analogous syntheses of selenoferrocenes see Ref. (10). 

mixture of dichloromethane and saturated aqueous sodium chloride. The 

aqueous phase is separated and extracted three times with dichloromethane. 

The combined organic phases are extracted with 7<Vo aqueous potassium 

hydroxide, washed with saturated aqueous sodium chloride, and dried 
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(Na2S04). The solvents are evaporated in a rotary evaporator. Distillation 
of the residue gives E’-l-phenylthio-l-hexene (1.07 g, 93%), b.p. 110-115°/ 
0.8 mmHg,/7d° 1.5548. 
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12.3. REACTION WITH SULPHUR HALIDES 
AND RELATED COMPOUNDS 

In principle, the reaction between an organolithium compound and sulphur 
dichloride could give a sulphenyl chloride or a thioether: 

SC12 RSC1 RSR 

In practice, it is not possible to stop the reaction cleanly at the first stage, 

though if a sulphenyl halide is available its reaction with an organolithium 

compound efficiently converts it into an unsymmetrical thioether. The reac¬ 

tion of a dilithium compound with sulphur dichloride is useful for the syn¬ 
thesis of sulphur heterocycles. 

As an alternative to sulphenyl halides for the synthesis of thioethers, the 

somewhat more readily available thiocyanates have been tried, with some 
success: 

R'Li + R2SCN —► R’SR2 + LiCN 

It might be supposed that a reaction of two equivalents of an organo¬ 

lithium compound with disulphur dichloride might give a dialkyl disulphide, 

but the subsequent cleavage of the disulphide (Section 12.2) is too rapid (2). 



140 12. FORMATION OF C-S BONDS 

TABLE 12.3 

Reactions of Organolithium Compounds with Sulphur Dichloride, Phenylsulphenyl 
Chloride and Thiocyanates 

Sulphur Organolithium 
compound compound Product (yield %) Ref. 

SC12 

SC12 

SC12 

SC12 

PhSCl" 

MeSCN 

Bu‘C=CLi (Bu‘C=C)2S (82-86) (/) 

C6F5Li (C6F5)2S (60) (2) 

(3) 

(4) 

SiMe3 
/ 

RCH 
\ 

Li 

SiMe3 
/ 

RCH 
\ 

SPh 

(51, R = PhCH2; 
53, R = Me) K ’ 

Li 
/ 

H2C=CHCH=C H2C=CHCH=C(SMe)2 (88) (6) 
\ 

SMe 

BunSCN PhLi PhSBu" (90) (7) 

"For reactions of phenylselenenyl halides with lithium enolates see Ref. (5). 

Some examples of syntheses involving reactions of organolithium com¬ 

pounds with sulphur dichloride, a sulphenyl chloride and thiocyanates, are 

shown in Table 12.3. 
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12.4. REACTION WITH COMPOUNDS CONTAINING 
SULPHUR-OXYGEN DOUBLE BONDS 

Reactions of organolithium compounds with sulphonyl halides,* sulphuryl 

chloride, sulphinyl halides and thionyl chloride are much less satisfactory 

than might be supposed as routes to sulphones and sulphoxides, although 

exceptions to this generalization have been reported (see General Refs A and 

D(ii)). Alkanesulphonyl chlorides may be obtained in modest yields by the 

reaction of alkyllithium compounds with sulphuryl chloride at low tempera¬ 
tures (7): 

RLi + S02C12 —> RSO2CI + LiCl 

In contrast, as noted in Section 8.2, reactions of arenesulphonates with 

organolithium compounds often give sulphones rather than ethers (2): 

ArSCbOR1 + R2Li —» ArS02R2 + LiOR1 

The analogous reaction with sulphinate esters, giving sulphoxides, 

proceeds with inversion of configuration at sulphur (3). Thus a reaction 

of the (S)-(-)-menthyl ester [1] gives an enantiomerically pure chiral 
sulphoxide (4): 

[1] 

Under appropriate conditions organolithium compounds react with 

sulphur dioxide to give lithium sulphinates in excellent yields (5, 6). Side- 

reactions, like those affecting the analogous reaction with carbon dioxide 

(Section 6.4), can be minimized by adding the organolithium compound to 

* See Chapter 13 for reactions of sulphonyl halides leading to organic halides. 
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an excess of sulphur dioxide at a low temperature, as in the following example 

(5). The lithium sulphinate may be used for various further reactions, either 

in situ or following its isolation: 

RS02H (7) 

Cl2 or SO2CI2 

RLi + SO2 

h3o+ 

rso2u 

H2NOS03H 

RSO2NH2 (10) 

Mel 

RSOzCl (6, 8) 

RS02Me (P) 

MeCOCH=CH2 

MeC0CH2CH2S02R (5) 

Reaction with sulphur dioxide; lithium n-butylsulphinate (5) 

BunLi + S02 —♦ BunS02Li 

Sulphur dioxide (10 ml, 230 mmol) is condensed in a dry flask at -78° and 

cold ether (40 ml) is added. n-Butyllithium (ca. 2.5 m in hexane, 24.5 mmol) 

is added dropwise during 10 min. The mixture is stirred at —78° for a further 

30 min and then left at room temperature for 24 h. Evaporation in a rotary 

evaporator leaves lithium n-butylsulphinate as a white powder (ca. 3.2 g)." 

"The recorded yield was 3.23 g (102%), and presumably still contained traces of 
solvent. A subsequent reaction with butenone gave the product of Michael addition 
in 85% yield. 
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Formation of Carbon-Halogen Bonds 
via Organolithium Compounds 

In general, the methods for converting organolithium compounds into the 

corresponding halides may be regarded as involving reactions with sources 

of positive halogen—either elemental halogen or a compound in which 
displacement of an anionic group is favoured! 

R-X + LiY 

\ / 
R-X + C=C + LiY 

/ \ 

R^L? X-^Y 

R-Li X-C-C-Y 

In the case of fluorine neither of these types of reaction is readily available 

Of the reagents that have been tried, perchloryl fluoride (FCIO3) seemed pro¬ 

mising (see General Ref. A), but was prone to side-reactions and was hazard¬ 

ous (7). Alternatives that have been advocated as more convenient 

and safer include dinitrogen difluoride (2), 7V-fluoro-7V-t-butyl-/?-toluene- 
sulphonamide (5) and 7V-fluoroquinuclidinium fluoride (4), but none has yet 
been thoroughly evaluated. 

The reaction of organolithium compounds with chlorine may also present 

an explosion hazard (5), but several reasonably satisfactory alternatives are 

available, though the yields are sometimes only modest. Some examples are 

listed in Table 13.1. Probably the best of them is hexachloroethane, and a 
detailed example of the use of this reagent follows. 

For the formation of carbon—bromine bonds, reaction with the element 

is usually satisfactory except when other functional groups susceptible to 

bromination are present, in which case reagents such as those listed in Table 
13.1 are available. 

For iodination, reaction with the element is again usually satisfactory (as 

in the example below), but coupling of the organic group is sometimes 

observed and may indeed be a useful reaction in its own right (16). 
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Reaction with hexachloroethane; 3-chlorofurana (17) 

3-Bromofuran (44.1 g, 0.3 mol) is dissolved in ether (200 ml) under an atmos¬ 

phere of nitrogen. The mixture is cooled to -70° and stirred as ethyllithium 

(ca. m in ether, 0.36 mol) is added dropwise. Stirring is continued for 30 min 

A solution of hexachloroethane (71.1 g, 0.3 mol) in ether (350 ml) is added 

during ca. 10 min, while the temperature of the mixture is kept below -55°. 

The mixture is stirred at -70° for 3 h and then as it warms to room tempera¬ 

ture. Ice-water is added to the mixture, which is then neutralized with 5 m 

hydrochloric acid. The phases are separated and the aqueous phase is 

extracted twice with ether. The combined organic phases are washed with 

aqueous sodium hydrogencarbonate and with water, and dried (MgS04). 
The ether is distilled through a column, and then a fraction, b.p. 86-87°, is 
collected as 3-chlorofuran (16.5 g, 54%), t?d2 1.4632. 

" 2-Chlorofuran, 2-chloroselenophene and 3-chloroselenophene were prepared 
similarly (77). 

Reaction with elemental iodine; pentachloroiodobenzene (18) 

C6Cl5Li C6C15I 

A solution of pentachlorophenyllithium, prepared from hexachlorobenzene 
(22.6 g, 80 mmol) in ether (600 ml) as described on p. 29, is cooled to -15° 

and stirred as iodine (21.0 g, 83 mmol) is added in one portion. Stirring is 

continued as the resulting mixture warms to room temperature. The mixture 

is poured into an excess of aqueous sodium thiosulphate. The organic layer 

is separated, dried (MgS04), and evaporated. Chromatography of the brown 

residue (silica, light petroleum) gives pentachloroiodobenzene (24 0 g 80%) 
m.p. 209-210°. 
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14 
Synthesis of Organoboron, Organosilicon and 

Organophosphorus Compounds from 
Organolithium Compounds 

The reactions somewhat arbitrarily grouped here are general, usually 
straightforward, and useful: 

/?RLi + MX„, —> R„MXm_„ + nUX 

*RlLi + RmMXp —> RiR?„MXp_„ + «LiX 

M = B, Si, P; X = halogen, OR3 etc. 

The reactions with boron derivatives are commonly used, for example, to 

achieve indirect conversion of the organolithium compound into the corre¬ 

sponding hydroxy-compound, the reactions with silicon derivatives to 

characterize organolithium compounds, and the reactions with phosphorus 
derivatives to prepare phosphine ligands. 

Although the reactions are generally straightforward, clean stepwise 

alkylation of polyhalides etc. is sometimes a problem, but is usually 

achievable by careful attention to the stoichiometry, mode of addition and 

temperature of reaction. The use of substrates bearing mixed ligands may be 
advantageous. 

14.1. SYNTHESIS AND OXIDATION OF 
ORGANOBORON COMPOUNDS 

Some examples of reactions of organolithium compounds with boron deriva¬ 

tives are listed in Table 14.1 and others are tabulated in General Ref. A. In 

the case of boron, the reactions represented above have to be extended. Use 

of an excess of the organolithium compound, or reaction of an organo¬ 

lithium compound with a trialkylborane, gives a lithium tetraalkylborate: 

4RLi + BX3 —> LiBR4 ♦— R3B + RLi 
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TABLE 14.1 

Synthesis of Organoboron Compounds from Organolithium Compounds 

Organolithium Boron 
compound reagent Product (yield %) Ref. 

Bu"Li B(OBu")3 BunB(OBun)2 (60) (2) 

2Bu‘Li B(SMe)3 Bu2BSMe (70) (3) 

r°\ 
2Bu'Li BNMe2 Bu2BNMe2 (69) (3) 

^o/ 

3Bu'Li 

PhC=CLi 

3PhLi 

B(OMe)3 Bu3B (56) (4) 

Ph2BBr.C5H5N PhC=CBPh2.C5H5N (70) (5) 

BF3.OEt2 Ph3B (65-70) (6) 

^-C^CONEt2 

\^Li 
B(OMe)3 

3C6F5Li BC13 

/^CONEt2 

I (a) (56) 
\^OH 

(C6F5)3B (30-50) 

(7) 

(8) 

“From oxidation of organoboron product with hydrogen peroxide. *From oxidation and 

hydrolysis of organoboron product. cFrom oxidation of organoboron product with w-chloro- 

peroxybenzoic acid. 
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The most commonly employed boron reagents are boron halides and 
borate esters, but, as is apparent from Table 14.1, a variety of other 
substrates may be used. 

Table 14.1 includes two examples where the organoboron product was 

oxidized, and another example is described in detail below. For such reac¬ 

tions hydrogen peroxide has been routinely used as the oxidant. However, 

it may be advantageous to use buffered m-chloroperoxybenzoic acid, as in 

the synthesis of 5-phenyl-2(37T)-butenolide shown in Table 14.1. A poten¬ 
tially useful one-step equivalent of these procedures has been reported, in 

which the reagent is 2-t-butylperoxy-l,3,2-dioxaborolane [1] (7): 

r'A 
BOOBu1 

^o/ 
[1] 

Synthesis of benzo[b]thiophen-2(3H)-one by formation and oxidation 
of an organoboron compound (12) 

In this example the hydroxy-compound formed by oxidation of the organo¬ 

boron intermediate tautomerizes to the corresponding carbonyl compound: 

Benzo[&]thiophene (40.2g, 0.3 mol) is dissolved in ether (450ml) in a 21 

three-necked flask fitted with a septum, a pressure-equalizing dropping 

funnel and a stirrer, and furnished with an inert atmosphere. The solution 

is cooled in ice and stirred as n-butyllithium (ca. 2 m in hexane, 0.3 mol) is 

added dropwise. The mixture is stirred at room temperature for 1 h and then 

re-cooled in ice. Stirring and cooling are continued as a solution of tri-n-butyl 

borate (82.8 g, 0.36 mol) in ether (100 ml) is added dropwise during 10 min. 

The resulting mixture is stirred at room temperature for 1 h: 2 m hydrochloric 

acid is then added. The organic layer is separated and the aqueous layer is 
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extracted with ether. The combined organic layers are extracted thoroughly 

with 2 m sodium hydroxide. The extract is acidified with concentrated hydro¬ 

chloric acid and extracted with ether. The ethereal extract is washed with 

water, dried (MgS04) and evaporated. The solid residue is dried at 140° to 

leave l,3,5-tris(benzo[£]thien-2-yl)boroxine (45.5 g, 95%)°. 

The boroxine (18.7 g, 39 mmol) is added in small portions to stirred 30% 

w/v hydrogen peroxide (20 ml) at such a rate that the temperature of the reac¬ 

tion mixture does not exceed 50°. When all the boroxine has been added, the 

mixture is stirred at 70° for 15 min. The mixture is cooled, diluted with water 

and extracted thoroughly with chloroform. The combined extracts are washed 

with water, dried, and evaporated, leaving benzo[6]thiophen-2(3//)-one 

(13.3 g, 76%), m.p. 43-44° (from light petroleum, b.p. 40-60°). 

“M.p. ca. 250° (from benzene). 

References 

1. See Section 11.1, Ref. (6). 

2. P. B. Brindley, W. Gerrard and M. F. Lappert, J. Chem. Soc. 2956 (1955). 

3. H. Noth, H. Prigge and T. Taeger, Organomet. Synth. 3, 441 (1986). 

4. H. Noth, H. Prigge and T. Taeger, Organomet. Synth. 3. 459 (1986). 

5. J. J. Eisch, Organomet. Synth. 2, 130 (1981); cf. J. Soulie and P. Cadiot, Bull. Soc. Chim. 

Fr. 1981 (1966). 

6. J. J. Eisch, Organomet. Synth. 2,128 (1981); cf. G. Wittig and P. Raff, Justus Liebigs Ann. 

Chem. 573, 195 (1951). 

7. See Section 3.2, Ref. (57). 

8. A. G. Massey and A. J. Park, Organomet. Synth. 3, 461 (1986). 

9. P. Jacob and A. T. Shulgin, Synth. Commun. 11, 969 (1981). 

10. A. Pelter and M. Rowlands, Tetrahedron Lett. 28, 1203 (1987). 

11. J. J. Eisch, Organomet. Synth. 2, 134 (1981); cf. J. J. Eisch and R. J. Wilcsek, 

J. Organomet. Chem. 71, C21 (1974). 

12. R. P. Dickinson and B. Iddon, J. Chem Soc. (C) 1926 (1970); R. P. Dickinson, Ph.D. 

Thesis, Salford, 1969. 

14.2. SYNTHESIS OF ORGANOSILICON COMPOUNDS 

The majority of syntheses of organosilicon compounds from organolithium 

compounds have employed silicon halides, especially trialkylsilyl chlorides, 

as substrates. Chlorotrimethylsilane is routinely used as a convenient reagent 

for characterizing organolithium compounds as well as for preparing desired 

trimethylsilyl compounds; the following procedure is typical. Further 

examples are listed in Table 14.2. These and other reactions with halosilanes 

are reviewed in General Ref. A (and see Ref. (/)). 

The use of a dihalide for preparing a silicon heterocycle is illustrated by 
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TABLE 14.2 

Reactions of Organolithium Compounds with Chlorotrimethylsilane 

Organolithium 
compound 

MeOCH2Li 

Li OLi 

PhSCHzLi 

BuC^CLi 

Product (yield %) 

MeOCH2SiMe3 (80) 

Me3Si\^1^0SiMe3 (52) 

PhSCH2SiMe3 (95) 

/-\ SiMe3 

\ X (96) 
X 7 SPh 

BuC=CSiMe3 (71) 

/^\CH2OH 

I J (63) 
\^SiMe3 

Ref. 

(3) 

(4) 

(5) 

(6) 

(7) 

(3) 

(9) 

(10) 

the following reaction (2). An analogous reaction with silicon tetrachloride 
gave the spirosilane in 22% yield. 

=\ Bun Bun 

Me2SiCI2 

Other groups besides halogen (including hydrogen) may be displaced from 



154 14. SYNTHESIS OF ORGANO-B, -Si AND -P COMPOUNDS 

silicon by organolithium compounds, but these reactions are of minor value 

in synthesis (see General Ref. A and Ref. (7)). 
The stereochemistry of nucleophilic substitution at silicon differs from 

that at carbon. For reactions with organolithium compounds, either inver¬ 

sion or retention of configuration is usually observed, depending on the 

nature of the organolithium compound and of the leaving group. More 

detailed discussion of such reactions will be found in reviews (7, 77). 

Reaction with chlorotrimethylsilane; 1-phenylthio-l-trimethylsilylethene (5) 

CH2=CHSPh 
Bu"Li 

SPh 
/ 

ch2=c 
\ 

Li 

SPh 

ch2=c / 
\ 

SiMe3 

Amixtureof THF (150 ml), n-butyllithium (ca. 1.5 Min hexane, 0.1 mol) and 

TMEDA (15.1 ml, 11.6 g, 0.1 mol) is cooled to -90°. The mixture is stirred 

and its temperature is kept below -80° as phenylthioethene (13.6 g, 0.1 mol) 

is added slowly. When the addition is complete, stirring is continued for 1 h 

at -90°. Chlorotrimethylsilane (15.2 ml, 13.0 g, 0.12 mol) is added and the 

reaction mixture is allowed to warm to room temperature. The mixture is 

poured into saturated aqueous ammonium chloride (300 ml). The resulting 

mixture is extracted with ether (3 X 150 ml) and the combined extracts are 

washed with water (100 ml) and dried (Na2S04). The solvents are evaporated 

under reduced pressure and the residue is distilled, the fraction b.p. 

130-134°/15 mmHg being collected as 1-phenylthio-l-trimethylsilylethene 

(17.1 g, 82%). 
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14.3. SYNTHESIS OF ORGANOPHOSPHORUS COMPOUNDS 

14.3.1. Phosphorus(m) Compounds 

Reactions of organolithium compounds with phosphorus trihalides, alkyl- 

dihalophosphines and dialkylhalophosphines are so straightforward as to 
require little comment. Besides the following example and those listed in 
Table 14.3, many examples are tabulated in General Ref. A. 

Table 14.3 also includes examples of displacement of alkoxide, which is 

occasionally used as an alternative to displacement of halide. This reaction 

with chiral O-menthyl phosphinites proceeds with inversion of configuration 
and has been used to prepare chiral phosphines (9): 

O—menthyl v" 
d l J> R2Li , I 

/ \. / \ 
Ph • Ph R2 

R1 = Me, Et; R2 = Me, Prn, Bu11, Bu' 

Reaction with a haiophosphine; 

[2-(methylthio)phenyl] diphenylphosphine (5) 

Br 

SMe 

1 -Bromo-2-methylthiobenzene (o-bromothioanisole) (38.5 g, 0.19 mol) is 
placed in a 1 1 three-necked flask fitted with a condenser, a pressure¬ 

equalizing dropping funnel and a mechanical stirrer, and furnished with an 

atmosphere of nitrogen. Ether (200 ml) is added, and the solution is purged 

with nitrogen for 30 min. The solution is stirred vigorously at 0° as n-butyl- 

lithium (ca. 1.5 m in hexane, 0.19 mol) is added dropwise during 2h. The 

mixture is stirred for a further 1 h at 0°. A solution of vacuum-distilled 

chlorodiphenylphosphine (diphenylphosphinous chloride) (42 g, 0.19 mol) 

in ether (125 ml) is added dropwise to the stirred solution during 3 h. A white 

precipitate forms. 0.2 m hydrochloric acid (125 ml) is added and the mixture 

is stirred to ensure that all the inorganic salts dissolve. The white crystalline 

product is collected by filtration, washed with water, ethanol and ether, and 

dried in a desiccator. The yield is 43 g (74%), m.p. 101-102°. 



TABLE 14.3 

Synthesis of Organophosphorus Compounds from Organolithium Compounds 

Organolithium Phosphorus 
compound reagent Product (yield °7o) Ref. 

Phosphorus(m) 

MeSCH2Li P(OPh)3 (MeSCH2)3P (54) (/) 

Ph2PCH2Li Ph2POPh (Ph2P)2CH2 (ca. 50) (2) 

SMe 
/ 

PhCH(Li)SMe Ph2PCl PhCH (45) (3) 

PPh2 

Phosphorus{\) 

POCl3 

(EtO)2P(Q)Cl 

Ph2P(S)Cl 

r—NCH2Ph 

Ph^N^P(Q)(OEt)2 (54) 

OAsPh2 

(46) 
P(S)Ph2 

(6) 

(7) 

(8) 
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14.3.2. Phosphorus(v) Compounds 

157 

In reactions of organolithium compounds with phosphorus(v) compounds, 

o-deprotonation competes with substitution at phosphorus; the Horner- 

Wadsworth-Emmons synthesis (see Section 6.1.3, p. 75) provides an 

example {10, 11). Nevertheless, with a good leaving group such as halide 

and/or in the absence of a-hydrogen atoms, products of substitution may 

be obtained in fair yields. Examples of the types of substrate that have been 

used are shown below* (see General Refs A and D(ii)), and some specific 
examples are listed in Table 14.3: 

R|P(0)C1 

RaPO 

R2NP(0)R| 

Besides the reactions shown here, involving displacement of chloride, 

some reactions involving displacement of alkoxide are known (77), but in this 

case substitution at carbon competes, particularly when substitution at 
phosphorus is sterically hindered (72): 

, . R'P(0)(0R2)2 
- LiOR2-""^ 

R]Li + (R20)3P0 
'\^Li0P(0)(0R2)2 

R’-R2 

The stereochemistry of substitution at phosphorus(v) has been a subject 

of controversy (73). Substitution by organolithium compounds usually pro¬ 

ceeds with predominant inversion of configuration {14), though retention 
has been observed. 
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Organolithium Compounds in the Synthesis of 
Other Organometallic Compounds 

The reaction of an organolithium compound with a derivative—usually the 

halide—of a less-electropositive metal may be applied to the synthesis of 
organic derivatives of most metals: 

«RLi + MX,,, —> R„MX,„_„ + nUX 

In many cases an extension can be used to prepare “ate” complexes: 

{m + l)RLi + MX,,, —+ LiMR,„+1 RLi + R,„M 

There are many variations on these reaction schemes, and detailed discus¬ 

sion of “non-standard” reactions would be beyond the scope of this book. 

Most procedures are straightforward, however. The advantage of organo¬ 

lithium compounds lies in their high nucleophilic reactivity, which enables 

very mild conditions to be used to prepare unstable products. Drawbacks 

occasionally encountered are associated with their high basicity and/or their 
capacity to act as one-electron donors. 

The preparations described in detail below, one of a derivative of a main- 

group metal and one of a derivative of a transition metal, are typical of 

reactions giving well-defined products. A selection of other examples is listed 
in Table 15.1, and others are tabulated in General Ref. A. 

Although the first general reaction above refers to the synthesis of organic 

derivatives of less electropositive metals, it may also occasionally be applied 

to the synthesis of derivatives of metals more electropositive than lithium, 

as in the preparation of organopotassium reagents noted in Section 3.2. The 

preparation of these reagents is typical of a large number of applications in 

which a metal derivative is added to an organolithium reagent to give a new 

reagent with desirable properties. The new reagent is commonly used in situ 

and its constitution is often unknown. Some leading references to such 

applications are given in Table 15.2. Examples of some of these have been 
referred to in earlier sections, as indicated. 
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TABLE 15.2 
Organometallic Reagents Prepared in situ from Organolithium Compounds 

Metal Ref. Notes 

Na (26) 
K (26, 27) See Section 3.2 
Mg (22) See text and Section 11.1 
Zn 
Cd 

(28, 29) 
(30) 

A “Barbier” technique, assisted by ultrasound, is used 

Cu (31) See Sections 6.1.2 and 8.1 
Ti (32) See Section 6.1.1 
Hf (33, 34) Cr, Mo also mentioned 
Mn (35) See Section 6.1.1 
Ce (36-40) 
Pd (41) See Section 8.1 

The reaction with magnesium bromide, by which an organolithium com¬ 

pound is converted into a “Grignard reagent”, is quite often used. A solution 

of anhydrous magnesium bromide in ether is conveniently prepared in situ 

by the reaction of magnesium with bromine (22), 1,2-dibromoethane (23) or 

mercury(n) bromide (24). The corresponding reactions in THF give a two- 

phase system, the dense lower phase containing a magnesium bromide- 
THF complex. (25). 

Methyldiphenylbismuth (42) 

Ph2BiCl + MeLi —> Ph2BiMe + LiCl 

Chlorodiphenylbismuth (9.97 g, 25.0 mmol) is suspended in ether (100 ml). 

The suspension is stirred vigorously and its temperature is maintained 

between -65° and -70° as a solution of methyllithium (25.0 mmol) in ether 

is added during ca. 1 h. The resulting white suspension is then allowed to 

warm to room temperature, to give a colourless to pale-yellow solution and 

a greyish precipitate. The solvent is evaporated under reduced pressure at 

room temperature, and the residue is digested with light petroleum (3 x 

100 ml), which is decanted each time. The combined solutions are 

evaporated under reduced pressure at room temperature, and the oily residue 

is distilled in a Kugelrohr apparatus. A small forerun (5-10% of the total) 

is followed by methyldiphenylbismuth (89%), b.p. 105-110°/0.02 mmHg, 
a colourless liquid, no 1.6788. 
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ds-Bis[4-(trimethylsilyl)phenyl] bis(triphenylphosphine)platinum (43) 

Me3Si Li 

m-Pt(PPh3)2Cl2 
c/5-Pt(C6H4-4-SiMe3)2(PPh3)2 

A solution of l-bromo-4-(trimethylsilyl)benzene (4.60 g, 20.8 mmol) in ether 

(50 ml) is prepared in a 200 ml Schlenk flask fitted with a stirrer and a 

side-arm closed by a septum and furnished with an argon atmosphere. The 

solution is cooled to -78° and stirred vigorously as n-butyllithium (ca. 1.6 m 

in hexane, 20.0 mmol) is added dropwise by syringe. Stirring is continued for 

2 h, by which time the solution is yellow. 
A fine suspension of c/s-dichlorobis(triphenylphosphine)platinum (2.00 g, 

2.8 mmol) in ether (50 ml) is prepared by ultrasonic irradiation for 10 min, 

and added in one portion, in a current of argon, to the cold stirred solution 

of the organolithium compound. The mixture is allowed to warm to room 

temperature during 1 h, and stirring is continued for a further 4h. The 

mixture is poured into ice-water (200 ml). The organic layer is separated 

and the aqueous layer is extracted with dichloromethane (3 x 200 ml). The 

combined organic layers are washed with water (2 x 100 ml), dried (MgSCTi), 

concentrated to one twentieth of their volume, diluted with methanol 

(300 ml), and cooled to —20° for 48 h. The product that crystallizes is 

purified by chromatography (Kieselgel, dichloromethane), giving a yield of 

1.90 g (67%), m.p. 155° dec. 
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16 
Applications of Elimination Reactions 

of Organolithium Compounds; 
Arynes, Carbenes, Ylides, Ring Opening 

of Heterocycles 

In this chapter are collected examples of reactions that can be represented 

on paper as involving elimination of a lithium cation and an anion such as 

a halide. The emphasis is on the outcome of the reactions, and such topics 

as the dividing lines between bimolecular base-induced eliminations (E2) and 

eliminations involving a discrete organolithium intermediate (related to 

Elcb), or whether free arynes or carbenes are intermediates, will not be 

discussed in any detail. Nevertheless, it must be emphasized that it is often 

an oversimplification to regard the organolithium compound merely as a 

strong base, and to ignore the possible role of the lithium salt eliminated. 

16.1. ORGANOLITHIUM COMPOUNDS AS PRECURSORS 
OF ARYNES 

The elimination-addition (benzyne) mechanism of aromatic substitution was 

established by classical studies of reactions of organolithium compounds 

with aryl halides (7). This earlier work involved deprotonation, and any 

intermediate o-halogenoaryllithium compound was rarely observed. How¬ 

ever, the speed of the lithium-halogen exchange reaction even at low tem¬ 

peratures enabled solutions of o-halogenoaryllithium compounds to be 

prepared, and reactions carried out with them (see Section 3.1.3). The 

solutions could then be warmed in the presence of a co-reagent to trap the 

aryne. The reaction of an aryl halide with a strong non-nucleophilic base 

remains a useful alternative method for generating arynes and hetarynes, 

which in the case of aryl bromides avoids complications caused by metal- 

halogen exchange. LiTMP (2) and LDA (3) are particularly effective, and 

with these reagents it is often possible to intercept the intermediate o-halo- 
genoaryllithium compounds. 

167 
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TABLE 16.1 

Cycloadducts of Arynes Formed from Organolithium Compounds 

Organolithium Trapping 
compound reagent Product (yield %) Ref. 

“This paper contains a thorough discussion of the factors required to obtain good yields. b A 

small proportion of products derived from 4-chlorobenzyne via 2,4-dichlorophenyllithium may 

also be formed (8). c Yield is probably higher, but product is unstable. 

Some o-halogenoaryllithium compounds have been tabulated, as have 

their aryne-forming reactions (see General Ref. A). Some well-described 

examples of cycloaddition reactions of arynes derived from organolithium 

intermediates are listed in Table 16.1, and full details are given for one, 

involving the relatively stable pentachlorophenyllithium. 

Generation and trapping of tetrachlorobenzyne; 

5,8-epoxy-l,2,3,4-tetrachloro-5,8-dihydronaphthalene (9) 
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A solution of pentachlorophenyllithium is prepared as described on p. 28 

from hexachlorobenzene (6.0 g, 21.0 mmol) in ether (150 ml). The solution 

is cooled to -78° and stirred as freshly distilled furan (22 ml) is added drop- 

wise during 1 h. The mixture is allowed to warm slowly to room temperature 

and stirred at room temperature for ca. 40 h. The solvents are evaporated 

under reduced pressure. Chromatography of the dark-tan solid residue 

(alumina, 6% water added, 1:1 hexane-benzene") gives a little hexachloro¬ 

benzene followed by a pale-yellow solid. Sublimation of the latter (90° in 

vacuo) gives 5,8-epoxy-l,2,3,4-tetrachloro-5,8-dihydronaphthalene (82%) 
m.p. 119.5-120.5°. 

Hazard: an alternative solvent would be preferable. 
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16.2. ORGANOLITHIUM CARBENOID REACTIONS 

Aspects of the carbenoid chemistry of a-halogenoorganolithium compounds 
(or the corresponding carbanions) are discussed in General Refs A and D(ii), 
as well as in general works on the chemistry of carbenes (1). 

16.2.1. Synthesis of Cyclopropanes and Oxiranes 

In the examples reviewed here the products are formally adducts of carbenes 

to carbon-carbon or carbon-oxygen multiple bonds. In these overall 
“cycloadditions” the reaction could follow several pathways: 



170 16. APPLICATIONS OF ELIMINATION REACTIONS 

Even this scheme is an oversimplification, and mechanistic details will not 

be discussed, though the broad generalization can be made that the additions 

to alkenes tend to be closer to true carbene reactions, whereas the reactions 

with carbonyl compounds usually follow addition-elimination sequences. 

Some examples where organolithium intermediates l- have been generated 

and intercepted at low temperatures have been described earlier (see e.g. 
pp. 80, 81, 92). 

Some carbenoid cycloadditions to alkenes and alkynes are listed in Table 

16.2, and others are tabulated in General Refs A and D(ii). Syntheses of 

oxiranes by reactions of lithium carbenoids with carbonyl compounds are 
listed in Table 16.3. 

Carbenoid cycloaddition via dibromofluoromethyllithium; 

l-bromo-1 -fluoro-2,2,3,3-tetramethylcyclopropane (10) 

CBr3F 
Bu"Li 

[CBr2FLi] 
Me2C=CMe2 

A 50 ml round-bottomed flask is equipped with a rubber septum and a 

mechanical stirrer,0 and furnished with an atmosphere of argon. The flask 

is cooled in an ethanol slush bath (-116°) and charged with THF (15 ml), 

tribromofluoromethane (2.707 g, 10 mmol) and 2,3-dimethyl-2-butene 
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TABLE 16.2 

Synthesis of Cyclopropanes by Organolithium Carbenoid Cycloadditions 

Carbenoid Substrate Product (yield °7o) Ref. 

Me 7 \\ 
OEt 

CHClLi" CH2=CHOEt 

CH2=CHCCl2Li° Me2C=CH2 

(75-80) (2) 

(3) 

PhCHClLi MeC=CMe 

Ph 

(43) 
Ph 

+ 
(4) 

ClCH2CH2OCHClLi 

OCH2CH2Cl 

(40-56) (5) 

" Intermediate generated by deprotonation by LiTMP; may not be true organolithium com 
pound. * Mixture; by reaction of initial adduct [1] with MeLi: Ph 

[1] 

TABLE 16.3 

Synthesis of Oxiranes by Reactions of Organolithium Carbenoids with 
Carbonyl Compounds 

Organolithium 
compound 

Carbonyl 
compound Product (yield °7o) Ref." 

CH2BrLi PhCOMe 
Ph Q 

)A(45) (6) 

MeCHBrLi n-C7Hl5CHO 

Me 

C7H15 O Me 
VA^ (80) (7) 

CH2 = CHCClLi 
1 

MeCOCHMe2 

Me O Me 
)/V (74) (3) 

Me Me2CH CH = CH2 

"Each of the references cited describes several examples. See also Ref. (9). 
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(0.842 g, 10 mmol). The mixture is stirred vigorously as freshly prepared n- 

butyllithium6 (in hexane, 10 mmol) is added slowly by syringe during ca. 

20 min. Stirring and cooling is continued for 15 min. Water (1 ml) is added 

and the mixture is allowed to warm to room temperature. The organic phase 

contains l-bromo-l-fluoro-2,2,3,3-tetramethylcyclopropane (73°7o).c 

“ The reaction mixture becomes viscous at the low temperatures used, and efficient 
stirring is important. With magnetic stirring the yield was reduced to 53%. 

*When commercial butyllithium was used the yield was reduced to 61%. 
c Analysis by 19F NMR (benzotrifluoride as internal standard). The product is 

unstable. 

16.2.2. Organolithium Carbenoid Insertion Reactions 

The following example (11) is representative of a variety of such reactions, 

both inter- and intramolecular. References to other examples are given in 

General Refs A and D(ii). In this example the organolithium carbenoid is 

prepared from a gera-dihalide by lithium-halogen exchange, as is usually 

necessary. Recently, a similar reaction has been carried out satisfactorily by 

reaction of the dihalide with lithium metal under ultrasonic irradiation (12). 

1,6-Dimethyltricyclo[4.1.0.02,7] hept-3-ene 

A solution of 7,7-dibromo-l,6-dimethylbicyclo[4.1.0]hept-3-enefl (20.95 g, 
75 mmol) in ether (500 mi) is placed in a 11 three-necked flask equipped with 

a magnetic stirrer, a reflux condenser and a dropping funnel, and furnished 

with an atmosphere of nitrogen. The solution is cooled (ice bath) and stirred 

as a mixture of methyllithium (ca. 1.6 m in ether, 80 mmol) and ether (70 ml) 

is added dropwise during 30 min. The mixture is allowed to warm to room 

temperature and stirred for 1 h. Water (100 ml) is added cautiously. The 

organic layer is separated, washed with water (3 x 100 ml) and dried 

(Na2S04). In apparatus previously washed in base and dried, the solution is 

carefully concentrated by slow distillation through a 40 cm Vigreux column 

(bath temperature not above 60°). Also in base-washed apparatus, the 
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residue is distilled through a short unpacked column, the fraction b.p. 

48-49°/23 ramHg being collected as l,6-dimethyltricyclo[4.1.0.02’7]hept- 
3-ene (4.2-4.4 g, 46-49°7o). 

The preparation of this compound is also described (11). 

16.2.3. Organolithium Carbenoid Rearrangement Reactions 

As in the case of insertion reactions, a variety of rearrangements of organo¬ 

lithium carbenoids is possible. Many such reactions are of academic interest 

rather than practical value. However, rearrangements of 1-halogeno-l- 

lithioalkenes are a useful route to unsymmetrical diarylacetylenes (see 
General Ref. A):* 

Ar1 Li 
\ / 

C=C 
/ \ 

Ar2 X 

-LiX 

Ar1 
\ 

C=CT: 
/ 

Ar2 

Ar2C=CAr‘ 

Furthermore, rearrangements of /S-oxidocarbenoids are the key step in a 
general method for ring expansion of cyclic ketones: 

Reactions of this latter type, whose generality was demonstrated notably by 

Nozaki et a/. (13), can show good regioselectivity and have proved useful in 

the synthesis of natural products. The following is a recent well-described 
example (14): 

* A carbene intermediate is shown for clarity, but elimination and rearrangement may well 
be concerted. 
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16.3. ORGANOLITHIUM COMPOUNDS IN THE 
GENERATION OF YLIDES 

A detailed account of the Wittig and related reactions, even if confined to 

examples involving organolithium compounds, would require a complete 

volume. In some cases an organolithium compound is used merely as a strong 

base for generating an ylide, but in others it plays a more intimate role in the 

reaction. Moreover, the presence of lithium halide in the solution (either as 

a constituent of the organolithium reagent or arising from the formation of 

the ylide) can affect the reaction, and in particular its stereochemical 

outcome (see below). 

A full account of the “classical” Wittig reaction, with examples of experi¬ 

mental procedures, is given by Maercker (7), and the preparation of 

methylenecyclohexane is described in Organic Syntheses (2). The following 

is a more recent example (3): 

77-80% 
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Some alkene-forming reactions related to the Wittig reaction, but not involv¬ 
ing true ylides, are noted in Section 6.1.3. 

The control of the stereochemistry of reactions of ylides with aldehydes 

is of great importance. In general, unstabilized ylides, in the absence of 

soluble metal salts (particularly lithium salts), tend to give Z-alkenes. 

However, in the presence of lithium salts the proportion of .E-alkene in the 

product is increased, particularly at higher concentrations. The influence of 

such factors on the stereochemistry of the Wittig reaction, and the expla¬ 

nation for these influences, have been thoroughly investigated by Maryanoff 
et al. (4, 5). 

If an if-alkene is desired then the procedure of Schlosser et al. is adopted, 

as in the following example (5, 7). The essential feature of this procedure is 

the use of an excess of organolithium compound, which metallates the Wittig 

intermediate (betaine/oxaphosphetane) to give a lithio-/3-oxidoylide, which 
undergoes equilibration. Protonation then gives the more thermodynami¬ 

cally stable betaine/oxaphosphetane, and subsequent elimination leads to 
the if-alkene. In the Schlosser procedure the last two stages are accomplished 
by means of a potassium t-butoxide-t-butanol complex. 

Selective formation of an E-alkene by a modified Wittig reaction; 
E-oct-2-ene 

(i) PhLi ('"’H 

Ph3PCH2CH3 Bre (u) n~CsH||CHO >=/ 
(m) PhLi / 
(iv) Bu'OK C5H11 

A mixture of ethyltriphenylphosphonium bromide (11.14 g, 30 mmol), THF 

(60 ml) and ether (30 ml) is stirred and cooled to -78° under an atmosphere 

of nitrogen. Phenyllithium (ca. 0.9 m in ether,0 30 mmol) is added dropwise 

to the stirred solution. After a further 30 min stirring a solution of hexanal 

(3.0 g, 30 mmol) in ether is added, followed, after the colour of the solution 

fades (ca. 10 min), by more phenyllithium solution (30 mmol). Stirring is 

continued as the temperature of the reaction mixture is allowed to rise to 

-30°. Potassium t-butoxide-t-butanol complex (45 mmol) is added and 

stirring is continued for 1 h. The reaction mixture is centrifuged at ca. 

5000 rpm. The clear solution is decanted, washed with water until neutral, 

and dried. The solvents are distilled through a packed column and a fraction 

b.p. 80-120° (4g) is collected. This distillate contains (as shown by gas 

chromatography) oct-2-ene (E: Z ratio 99:1; 69% yield based on the 

phosphonium salt) together with ether, THF, benzene and t-butanol. 

0 The solution was prepared from bromobenzene and lithium in ether and was 1.2 m 

in lithium bromide (6). 
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16.4. SYNTHESES VIA RING OPENING OF 
LITHIATED HETEROCYCLES 

Several types of reaction are known where lithiated heterocycles undergo 

elimination leading to ring opening, and in a number of cases the products 

of such reactions are useful in themselves or as intermediates for further reac¬ 

tions. The most widely explored type of ring opening is via (3-elimination: 

However, some a-eliminations are also known: 

Some examples of the various types of ring opening are listed in Table 16.4, 

and a reaction involving /3-elimination is fully described below. Other 

examples are reviewed in general Refs A, D(ii) and (10a). 

The reaction under the heading “cycloreversion” in Table 16.4 is the most 

important of a small group of reactions characterized as 1,3-anionic 

cycloreversions (11). This cleavage of THF by organolithium compounds via 



TABLE 16.4 

Syntheses via Ring Opening of Lithiated Heterocycles 

Lithiated 
heterocyclic 
compound 

Product isolated 
Ring-opened (yield %) 
intermediate (further reagent added) 

13-elimination (ring lithium) 

Ref. 

Ph OLi PhCOCH2C=CPh (75) (/) 

(H30+) 

(Me2S04) 

/^C^CMe 

\ U (42) 
SMe 

(Me2S04) 

(4) 

COPh 

(50) (5) 
NHMe 

((i) PhLi, (ii) H30+) 

/S 

I 
Li 

SC=CH SC=CH 

SMe 

(Mel) 

(> 90) (6) 
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TABLE 16.4—continued 

(3-elimination (exocyclic lithium) 

OHC 

LiO y—S 

S 

\ X—\ > (quant.) 
S—' 

((i) MejSiCl, (ii) H2O) 

a.-elimination 

Ph OLi Ph OAc 

/\ 
Ph NC 

(a) (81) 

Ph NC 

(Ac20) 

Cycloreversion 

'© Li® 

o 
(83) 

OSiMe3 

(Me3SiCl) 

(7) 

(5) 

(9) 

"The ring-opened product and the lithiated heterocycle are in tautomeric equilibrium. With 
other reagents some 2-substituted oxazoline is obtained. Oxazoles behave similarly (10). 

a-metallation is a nuisance when THF is merely required as a solvent, but 
it is a useful means for cleanly generating the enolate of ethanal, and it has 
also been used to liberate ethene in the presence of a co-reactant (9, 12, 75): 

Analogous reactions of ketals have been used for a stereospecific synthesis 
of alkenes (14): 

—Ph 

They have also been used for the generation of the enolate of crotonalde- 
hyde (75) and of lithium ethynolate (16). The cleavage of ethers by 
organolithium compounds has recently been reviewed (77). 
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Synthesis of a selenoenyne by ring opening of lithioselenophene (18) 

3 Bromo-2-ethyl-5 methylselenophene (2.52 g, 10 mmol) is dissolved in ether 
(50 ml). The solution is stirred as ethyllithium a (ca. 0.6 m in ether, 10 mmol) 
is added, followed by bromoethane (5.45 g, 50 mmol). The solution is 
washed with water and dried, and the solvent is evaporated. Paraffin oil is 
added to the residue and the product is distilled, a fraction b.p. 108-109°/ 
12 mmHg being (Z)-2-(ethylseleno)hept-2-en-4-yne (1.1 g, 54%). 

"The alkyllithium compound has to correspond to the final alkylating reagent, 
since alkyl halide is produced by the lithium-halogen exchange reaction. 
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Index of Compounds and Methods 

All organolithium compounds mentioned in the text and tables are indexed, but for 

methyllithium, n-butyllithium, s-butyllithium, t-butyllithium and phenyllithium (and also LDA) 

only selected entries are included. Where applicable, the latest entry numbers in the Dictionary 

°f Organometallic Compounds (General Ref. E and supplements) are given in parentheses. 

In general, substrates for reactions of organolithium compounds are indexed under the names 

of the class of compound, rather than as individual compounds, and references to routine uses 

of common substrate classes such as carbonyl compounds, alkyl halides and trimethylsilyl 
chloride are excluded. 

ff denotes following folios. 

A 

Acetals, 107 

Acetylcyclohexane, 93 

Acyl halides, 76ff 

Acyllithium compounds, 95-97 

1-Adamantyllithium (Li-10033), 25 

Aldehydes 

reactions with organolithium compounds, 

67ff, 96 

synthesis of, 76, 82ff, 93 

Aldol reaction, 37 

Alkenes 

addition of organolithium compounds, 

53ff 

metallation, 36, 39 

Alkyl halides, 21 ff, 107ff, 143ff 

Alkynes 

addition of organolithium compounds, 

53 

metallation, 33, 40 

Allyl alcohol, 54 

Allyl ethers 

cleavage of, 49 

Allyllithium (Li-00033), 22, 39, 46, 47, 70 

Allylpotassium (K-20001), 39 

Allyl 2,4,6-trimethylbenzoates, 49 

Amides (organic; see also Lithium amides) 

metal-halogen exchange of halogenated, 
28 

metallation of, 33-35, 39 

synthesis of, 83 

synthesis of aldehydes and lactones from, 
82ff 

‘vinylogous’, 86 

Amines 

N-deprotonation of, 119-120 

synthesis of, 125ff 

2-Amino-3,3'-bithienyl, 127 

Anhydrides, 76ff 

Arenes 

addition of organolithium compounds, 53 

tricarbonylchromium complexes, 53, 55 

Argon, 9, 23, 26 

181 
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Arynes, 167-169 

Association of organolithium compounds, 

3-4 

5-Aza-6-lithio-2,2,4,4,9-pentamethyI 

non-5-ene (Li-30060), 66, 121 

5-Aza-6-lithio-2,2,4,4-tetramethy!dec-5-ene, 

114 

Azides, 127 

2-Azido-3,3'-bithienyl, 127 

B 

Barbier-type syntheses, 69, 70, 80, 83, 89 

Benzene, 5 

Benzo[&]thiophene-2(3//)-one, 151 

Benzylalcoholtricarbonyl chromium, 53 

Benzyl ethers 

cleavage of, 47 

Ar-Benzylidenebenzylamine as indicator, 18 

l-Benzyl-5-lithio-3-phenyl-l ,2,4-triazole, 156 

1- Benzyl-5-lithiothieno [3,2-e]indole, 77 

Benzyllithium (Li-30024), 38 

Biphenyl-4-ylmethanol as indicator, 18 

2,2'-Biquinoline as indicator, 18 

Bis(dimethylphosphino)methyllithium, 160 

Bis(phenylthio)methyllithium (Li-10042), 

40, 72 

Bis(trimethylsilyl)peroxide, 132 

cA-Bis(4-trimethylsilyl)phenyl)bis(triphenyl- 

phosphine)platinum, 164 

Borate esters, 150-151 

2- Bornyllithium, 25 

Boron halides, 149-151 

Boron trifluoride, 113, 116, 150 

Bromine, 143, 144 

Bromobenzene 

reaction with lithium, 24 

1-Bromoethyllithium, 171 

l-Bromo-l-fluoro-2,2,3,3-tetramethylcyclo- 

propane, 170 

7-Bromo-7-lithio-l ,6-dimethyl- 

bicyclo[4.1.0]hept-3-ene, 172 

7-exo-Bromo-7-e/t£/o-lithio-2- 

oxabicyclo [4.1.0] heptane, 124 

Bromomethyllithium (Li-10001), 171, 173 

1- Bromopentyllithium, 30 

2- Bromophenyllithium (Li-10015), 168 

2-Bromotetrafluoropheny llithium, 160 

2-Buten-2-yllithium, 25 

2-t-Butoxy-5-lithiothiophene, 111 

t-Butyl chloride 

reaction with lithium, 23 

t-Butylcyanide, 64 

tra«5-2-Butylcyclohexanol, 116 

4-t-Butylcyclohexyllithium (Li-00151), 145 

N-t-Butyl-2,Ar-dilithiobenzamide, 84 

4-t-Butyldimethylsilyloxy-2,6-dimethyl- 

phenyllithium, 145 

2- (t-Butyldimethylsilyloxymethyl)-l-lithio- 

3,3-dimethyl-1 -p-toluenesulphinyl-1 - 

butene, 91 

3- t-Butyl-3-hydroxy-2,2-dimethyl- 

heneicosane, 70 

2- t-Butyl-2-lithio-l ,3-dithiane, 91 

AM-Butyl-2-lithio-Ar-methylbenzene- 

sulphonamide, 42, 81 

4- t-Butyl-2-lithiothiophene, 111 

n-Butyllithium (Li-30010) 

association, 3 

commercial availability, 21-22 

estimation, 17-18 

flammability, 11-12 

preparation, 25 

solubility, 5 

s-Butyllithium (Li-00053) 

commercial availability, 21-22 

flammability, 11 

t-Butyllithium (Li-00052) 

commercial availability, 22 

flammability, 11 

for metal-halogen exchange, 31 

preparation, 23, 48 

3- Butyl-2-methylcyclohexanone, 73 

4- t-Butyl-l-phenylthiocyclohexyllithium, 

48-49 

3-Butylpyridine, 108 

2-t-Butylsulphonylphenyllithium, 136 

C 

Carbamates, 83, 86 

Carbene complexes, 98-99 

Carbenoids, 169ff 

(3-oxido, 173 

Carbodiimides, 57, 96 

Carbonates, 79, 80 

Carbon dioxide, 89ff 

Carbon disulphide, 96, 101-103 
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Carbon monoxide, 95ff 

Carbonyls, 96, 98-99 

Carboxylates, 89ff 

Carboxylic acids, 89ff 

Chiral ligands, 69 

Chlorine, 143ff 

a-Chlorobenzyllithium, 171 

Chlorocarbamates, 83, 86 

Chloro(2-chloroethoxy)methyllithium, 171 

5-Chloro-2-(dimethylaminomethyl)phenyl- 
lithium, 41, 63 

2- Chloro-3,3-diphenylacrylic acid, 92 

l-Chloro-2,2-diphenylethenyllithium, 92 
Chloroformates, 76, 77 

3- Chlorofuran, 147 

1- Chloro-2-iodoethane, 146 

3-Chloro-3-lithiobut-l-ene, 171 

2- Chloro-3-lithiopyridine, 168 

3- Chloro-2-(methoxymethoxy)benzaldehyde, 
87 

3-Chloro-2-(methoxymethoxy)phenyllithium, 
41, 87 

a-Chloro-4-methylbenzyllithium, 171 

3-(4-Chlorophenyl)-5-lithio-l-tetrahydro- 
pyran-2-ylimidazole, 68 

2- Chlorophenyllithium (Li-10017), 168 

3- Chloro-l-propynyllithium, 77 

Chlorosilanes, 80, 96, 152-154 

A^-Chlorosuccinimide, 144 

Comins’ reagent, 83 

Cooling baths, 8-9, 29 

Cyanocuprates, 73, 96 

Cyanocyclopentane, 64 

4- Cyano-7,8-dimethoxy-l, 2-dihydro- 

naphthalene, 63 

Cyanogen bromide, 145 

1- Cyclohexenyllithium (Li-00091), 25 

5- (Cyclohexyliminomethyl)-3-ethoxy-2- 

methoxyphenyllithium, 150 

2- (Cyclohexyliminomethyl)-4,5-dimethoxy- 

phenyllithium, 146 

Cyclohexyllithium (Li-00094), 25 

Cyclooctatetraenyllithium (Li-00119), 91 

1-Cyclooctenyllithium, 132 

Cyclopentanone enolate, 37 

Cyclopentyllithium, 64 

Cyclopropanes 

synthesis of, 169ff 

Cyclopropyllithium (Li-00031), 25 

Cycloreversion, 176, 178 

D 

DABCO, xvii, 4, 36, 38 

Detection and estimation of organolithium 

compounds, 16ff 

Deuteriation, 39, 68, 120-123 

Deuterium oxide, 39, 68, 120-123 

1.4- Diazabicyclo[2.2.2]octane, see DABCO 
1.2- Dibromoethane, 144 

4.5- Dibromo-/V-(ethoxy- 

methyl)-2-lithioimidazole, 30 

Dibromofluoromethyllithium, 170 

3.5- Dibromophenyllithium, 30 

1.2- Dibromotetrachloroethane, 145 

4,4'-Di-t-butylbiphenyl, 26 

Di-t-butylketimine, 64 

Dichloroallyllithium (Li-00028), 171 

a,a-Dichlorobenzyllithium (Li-00103), 81, 
84 

1.1- Dichloroethyllithium, 80 

2.2- Dichloro-4-methylpentan-3-one, 80 

2.2- Dichloro-2-phenylethanal, 81 

2.6- Dichlorophenyllithium, 168 

2.6- Dicyanophenyllihtium, 145 

Dicyclopentyl ketone, 64 

3.3- Diethoxy-2-lithioprop-1 -ene, 86 
Diethyl ether, 5 

A/,Af-Diethyl-2-lithiobenzamide, 39, 150 

Diethyl a-lithioethylphosphonate, 138 

N,yV-Diethyl-(2-lithiophenyl)carbamate, 86 
1.2- Diiodoethane, 146 

Af,Af-Diisopropyl-2-lithiobenzamide 
(Li-30059), 122 

1.2- Dilithiobenzene (Li-00086), 45 

2,0-Dilithiobenzylalcohol, 138, 153 

2,2'-Dilithiobiphenyl (Li-00156), 150, 161 

Dilithio 4-chloroacetophenoneoxime, 78 

3,3'-Dilithiodipropylether, 48 

Dilithiohexadecanoic acid, 103, 138 

1.3- Dilithio-l-hexyne, 40, 109 

8,0-Dilithio-l-hydroxytetralin, 91 

1.3- Dilithio-3-phenylbut-l-yne, 102 

2,Af-Dilithio-/V-phenylethylamine, 46 

1.4- Dilithio-l,2,3,4-tetraphenylbuta-l,3- 
diene (Li-00185), 161 

l,3-Dilithio-8-thiabicyclo [4.3.0] nonane- 
5,5-dioxide, 109 

2.5- Dilithiothiophene (Li-00041), 38 

2.5- Dimethoxybenzylalcohol 

as indicator, 18 
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1.2- Dimethoxyethane, see DME 

l,4-Dimethoxy-2-naphthyllithium, 99 

2.6- Dimethoxyphenyllithium (Li-00121), 

111, 138 

3.6- Dimethoxy-2-(vinyloxymethyl) lithium, 

146 

Dimethylaminocarbonyllithium, 40 

3-(Dimethylamino)-l-lithio-l-phenylthio- 

prop-l-ene, 90 

3- (Dimethylaminomethyl)-2-lithiothiophene, 

145 

Dimethylaminomethyllithium (Li-10008), 46 

2-Dimethylamino-5-methylphenyllithium, 69 

2-(Dimethylaminomethyl)phenyllithium 

(Li-00133), 68 

4- (Dimethylaminomethyl)phenyllithium, 86 

2- Dimethylaminophenyllithium (Li-00122), 

41 

3- (Dimethylamino)propyllithium (Li-30017), 

25, 160 

3.3- Dimethyl-l-butynyllithium (Li-30019), 

136, 140, 144 

2.3- Dimethylcyclopropyllithium, 114 

N.A'-Dimethylformamide, see DMF 

4.6- Dimethylhept-l-en-4-ol, 70 

Dimethyl(methylene)ammonium iodide, 58 

2-(4,4-Dimethyloxazolin-2-yl)-3-lithio- 

thiophene, 122 

2-(4,4-Dimethyloxazolin-2-yl)-5-lithio- 

thiophene, 122 

2-(2,2-Dimethylpropyl)-2-lithio-l,3-dithiane, 

54 

2.2- Dimethylpropyllithium, see 

Neopentyllithium 

1.6- Dimethyltricyclo [4.1.0.02'7] hept-3-ene, 

172 

Dinitrogen difluoride, 143 

Diphenylacetic acid 

as indicator, 18 

1.3- Diphenylacetone tosylhydrazone 

as indicator, 18 

2-(Diphenylarsino)phenyllithium, 156 

(2,2-Diphenylethenyl)diphenylphosphine 

sulphide, 75 

1,2-Diphenylethenyllithium, 160 

(Diphenylphosphino)methyllithium 

(Li-00167), 22, 156 

2.4- Diphenylquinazoline, 59 

(Diphenylthiophosphonyl)(trimethyl- 

silyl)methyllithium, 75 

INDEX OF COMPOUNDS AND METHODS 

Diselenides, 138 

Disulphides, 96, 137-139 

Disulphur dichloride, 139 

l,3-Dithian-2-yllithium, see 2-Lithio-l,3- 

dithiane, 

5,9-Dithiaspiro[3.5]nonane, 110 

Dithiocarbamates, 104 

Dithiocarboxylates, 101-103 

Dithioesters, 104 

DME, xvii, 5, 7 

DMF, xvii 

in synthesis of aldehydes, 82ff 

metallation of, 40 

E 

Enaminoketones, 86 

Enolates 

generation of, 37, 129, 178 

Epoxides 

reactions, 113ff 

synthesis, 169-171 

5,8-Epoxy-1,2,3,4-tetrachloro-5,8-dihydro- 

naphthalene, 168-169 

Eschenmoser’s salt, 58 

Esters 

reactions, 76ff, 96 

synthesis, 76-77 

2-Ethyl-1,3-dithiane, 112 

Ethylene 

generation, 178 

metallation, 36 

(£')-2-Ethyl-l-hexenyllithium, 113 

2-Ethylhexyllithium, 48 

Ethyl lithioacetate, 68 

Ethyl a-lithiomalonate, lithium salt, 77 

Ethyl 2-lithio-6-methoxybenzoate, 138 

2-Ethyl-3-lithio-5-methylselenophene, 179 

4-Ethyl-2-lithio-5-methylthiazole, 114 

Ethyllithium (Li-00015) 

preparation, 24 

solubility, 5 

(£>4-Ethyloct-3-en-l-ol, 113 

(Z)-2-(Ethylseleno)hept-2-en-4-yne, 179 

F 

yV-Fluoro-/V-t-butyl-/?-toluenesulphonamide, 
143 
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2-FIuorophenyllithium (Li-00085), 168 

A'-Fluoroquinuclidinium fluoride, 143 

Formamides, 7V,7V-dialkyl, 82ff 

Formate esters, 77ff 

Formate, lithium, 93 

Af-Formylpiperidine, 83, 84 

2-(2-Furyl)-2-lithio-l ,3-dithiane, 178 

G 

Gilman colour tests, 16-17 

Gilman double titration, 17-18 

Grignard reagents, see Organomagnesium 

compounds 

H 

o-Halogenoaryllithium compounds, 167-169 

1-Halogeno-l-lithioalkenes, 173 
Hazards, llff, 143 

Hexachloro-3,3'-dilithio-4,4'-bipyridyl, 31, 
140 

Hexachloroethane, 143, 145, 147 

Hexametapol, xvii, 5, 6, 8, 36, 55, 72, 107, 

108, 133 

Hexamethylphosphoric triamide, see 

Hexametapol 

Hexane, 5, 8 

1-Hexenyllithium, 29, 137 

1-Hexynyllithium, 153 

Horner-Wadsworth-Emmons synthesis, 75, 
157 

Hydrazones, 57 

Hydroperoxides, 119, 129ff 

a-Hydroperoxyphenylacetic acid, 131 

Hydroxylamine derivatives, 125ff 

a-Hydroxyphenylacetic acid, 130 

3-Hydroxy-2,2,3-trimethyloctan-4-one, 97 

1 

Imines 

addition of organolithium compounds, 57 

/V-lithio, 62ff 

synthesis, 62ff 

Iminium salts, 57-58 

Indicators 

for titration of organolithium 

compounds, 18 

Inert atmospheres, 9-10 

Iodine, 143, 146, 147 

Isocyanates, 89, 90, 96 

Isonitriles, 65-66 

2-(Isopropylthio)phenyllithium, 138, 156 
Isoquinoline, 60 

Isothiocyanates, 96, 103 

K 

Ketals, 178 

Ketenes, 88, 90 

Ketones 

reactions, 67ff, 96 

synthesis, 62ff, 76ff, 83ff, 89, 93 

L 

Lactones, 76ff 

EDA (Li-20019), xvii, 35, 37, 108, 119, 167 

LDMAN (Li-10037), xvii, 47-49 

LiDBB (Li-00182), xvii, 26-27, 48 

Lithiated 0-( 1 -ethoxyethyl)-2-methyl- 

propanalcyanohydrin, 55 

Lithiation, see Metallation 

Lithioallene (Li-00029), 91 

3-Lithiobenzo[6]furan (Li-00115), 177 

2-Lithiobenzothiazole (Li-20021), 122 

2- Lithiobenzo[/?]thiophene (Li-30031), 90, 
151 

3- Lithiobenzo[6]thiophene (Li-00117), 31, 
77 

a-Lithiobenzylisonitrile, 117 

2-(a-Lithiobenzyl)-4,4,6-trimethyldihydro- 
oxazine, 109 

2-Lithio-3,3'-bithienyl, 127 

2-Lithiobornene, 50 

2- Lithio-l,3-butadiene (Li-20007), 50 

6-Lithiochrysene, 120 

3- Lithiocyclohex-l-ene, 48 

4- Lithiodibenzofuran (Li-30051), 42, 130 

3-Lithio-2,4-dimethoxyquinoline, 84 

3-Lithio-2-(4,4-dimethyloxazolin-2-yl)thio- 
phene, 33 

3-Lithio-2,5-dimethylthiophene, 177 
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2- Lithio-6,9-dioxaspiro[4.4]non-2-ene, 141 

3- Lithio-2,5-diphenylfuran, 177 

2-Lithio-4,5-diphenyloxazoline, 178 

2-Lithio-l,3-dithiane (Li-10011) 

preparation, 36 

reactions, 63, 77, 109, 110, 114, 115 

Lithio-1,4-dithiin, 177 

2- Lithiofuran (Li-00042), 42, 63, 68, 77, 

136 

3- Lithiofuran (Li-00043), 29, 147 

/V-Lithioimines, 62 

3-Lithio-2-(7V-lithio-t-butylcarboxamido)- 

pyridine, 109 

3- Lithio-2-(7V-lithio-t-butylcarboxamido)- 

quinoline, 42 

2- Lithio-/V-( 1 -lithio-2,2-dimethyl- 

propylidene)aniline, 140 

0-Lithio-2-(lithiomethyl)hexan-l-ol, 54 

0-Lithio-2-(lithiomethyl)prop-1 -en-2-ol, 40 

1 -Lithio-2-(2-lit hiophenyl)-1 -phenylhex-1 - 

enyllithium, 153 

1- Lithio-1-methoxyallene (Li-30009), 109, 

114, 138 

4- Lithio-5-methoxydibenzofuran, 136 

4- Lithio-3-(methoxymethyl)pyridine, 122 

a-Lithio-(4-methoxyphenyl)acetonitrile, 72 

3- Lithio-2-methoxypyridine, 78 

2- Lithio-5-methylbenzo [b] thiophene, 111 

2- Lithio-2-methyl-l,3-dithiane (Li-10013), 

63, 77, 84 

3- Lithio-l-methylindazole, 177 

Lithiomethylisonitrile, 102 

(£)-1 -Lithiomethyl-2-methoxycyclohexane, 

48 

1- Lithiomethyl-3-methylisoxazole, 102 

2- Lithiomethyl-4-methylpyridine, 79 

5- Lithio-l-methylpyrazole, 111 

2- (Lithiomethyl)pyridine, see 

2-Picolyllithium 

3- (Lithiomethyl)pyridine (Li-00089), 108 

2-Lithio-Af-methylpyrrole (Li-00067), 42, 

138 

1- Lithio-l-methylthio-l,3-butadiene, 140 

2- Lithio-/V-nitrosopyrrolidine, 40, 68 

7-Lithionorbornadiene (Li-20022), 27, 91, 

122 

(2-Lithio-3-pyrrolidinophenyl)-Ar,A'- 

diethylcarbamate, 153 

3- Lithio-2-pheylbenzo [b]thiophene, 28 

3-Lithio-2-phenylchromone, 153 

INDEX OF COMPOUNDS AND METHODS 

1 -Lithio-2-phenyl-1,2-dihydropyridine, 

60-61 

2-(3-Lithiophenyl)-4,4-dimethyloxazoline, 

121 
2-Lithio-5-phenylfuran, 150 

2-Lithio-5-phenyloxazole, 84 

[ Lithio(phenylthio)methylene] cyclohexane, 

48, 153 

2- Lithiothiophene (Li-00044), 38-39, 59, 68, 

136 

3- Lithiothiophene(Li-00045), 85, 132 

S-Lithio-A^triisopropylsilyOpyrrole, 30 

2-Lithio-l,3,5-trithiane, 109 

Lithium 

atomic weight, 17 

reaction with ethers and thioethers, 

47-48 

reactions with organic halides, 21 ff 

Lithium alkoxides, 119-120 

Lithium amides, 119-120 

see also LDA, LiTMP 

Lithium bis(trimethylsilyl)amide (Li-10020), 

35, 120 

Lithium 4,4'-di-t-butylbiphenyl, see LiDBB 

Lithium t-butylperoxide, 119 

Lithium n-butylsulphinate, 142 

Lithium dibutylcuprate, 73 

Lithium diisopropylamide, see LDA 

Lithium 1-dimethylaminonaphthalene, see 

LDMAN 

Lithium halides, 21-22, 36, 39, 67, 170 

Lithium 2-lithioindole-l-carboxylate, 77, 78 

Lithium lithiomethoxide, 46 

Lithium 2-(lithiomethyl)allyloxide, 153 

Lithium 2-(lithiomethyl)benzoate, 79 

Lithium lithio(phenyl)acetate, 130 

Lithium naphthalene (Li-00141), 26, 48 

Lithium sulphinates, 141-142 

Lithium tetraalkylborates, 149 

Lithium 2,2,6,6-tetramethylpiperidide, see 

LiTMP 

Lithium thiolates, 119-120, 135-136 

LiTMP (Li-10028), xvii, 35, 120, 167 

M 

Magnesium bromide, 129, 163 

anhydrous, preparation, 163 

Menthyllithium (Li-00152), 91 
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Mesityllithium, see 

2,4,6-Trimethylphenyllithium 

Metal-halogen exchange, 27ff, 81, 99, 113, 

123-124, 127, 155, 163, 170 

t-butyllithium as reagent for, 29 

in presence of reactive functional groups, 
27-28 

in presence of tritium oxide, 121 

Metallation, 32ff, 80, 92, 154 

of heterocycles, 36, 38, 85, 151 

ortho, 33ff, 39, 86, 87 

reagents for, 35 

Methoxyamine, 124-125 

5-Methoxy-2-(4,4-dimethyloxazolin-2- 
yl)phenyllithium, 41 

Methoxymethyllithium (Li-00016), 153 

2-(Methoxymethoxy)phenyllithium, 145 

2- Methoxyphenyllithium (Li-00019), 78, 91 

3- Methoxyphenyllithium, 132 

2-(4-Methoxyphenyl)-2-(3-oxocyclohexyl)- 
acetonitrile, 72 

1 -Methoxyvinyllithium (Li-00034), 40,46 

(r76-2-MethyIanisole)tricarbonylchromium, 
55 

1- d-2-Methylbutanal, 121-123 

Methyl 2-carboxydithiohexadecanoate, 103 

Methyldiphenylbismuth, 163 

2- Methylene-1,3-dithiane, 54 

N-Methylformanilide, 83 

2-Methylhexan-l-ol, 54 

Methyllithium (Li-30003) 

association, 3 

commercial availability, 22 

isotopically labelled, 30, 161 

preparation, 23, 25, 30 

solubility, 5 

2-Methyl-5-(2-methylpropanoyl)anisole, 55 

4- Methyl-4-phenylpentan-2-one, 73 

[Methyl(phenyl)thiophosphonyl] methyl- 

lithium, 78 

A^-Methyl-7V-(2-pyridyl)formamide, 83 

2-Methylseleno-2-propyllithium, 46 

a-(Methylthio)benzyllithium, 40, 109, 156 

Methylthiomethyllithium (Li-10006), 156 

[2-(Methylthio)phenyl]diphenylphosphine, 
155 

2-(Methylthio)phenyllithium (Li-30026), 30, 

155, 156 

Molybdenum pentoxide-pyridine- 

hexametapol (MoOPH), xvii, 133 

N 

Neopentyllithium (Li-30014), 22, 25, 162 
Nitrates, 125 

Nitriles, 62-65 

Nitrogen, 9 

O 

(£>Oct-2-ene, 175 

Organoaluminium compounds, 160 

Organoarsenic compounds, 161 

Organobismuth compounds, 163 

Organoboron compounds, 149ff 

Organocadmium compounds, 163 

Organocerium compounds, 69, 163 

Organochromium compounds, 162 

Organocopper compounds, 54, 57, 73-74, 

80, 96, 108, 161, 163 

Organogermanium compounds, 160 

Organogold compounds, 161 

Organohafnium compounds, 69, 163 

Organoiridium compounds, 162 

Organolithium compounds 

association, 3-4 

commercial suppliers, 21-22 

detection and estimation, 16-18 

hazards, 11-12 

large-scale suppliers, 21 

reactions, see under individual substrate 

types 

solvents for, 5ff, 22 

storage and handling, 11-12 

Organomagnesium compounds, 129-130, 

163 

Organomanganese compounds, 69, 80, 163 

Organomercury compounds, 45-46, 160 

Organopalladium compounds, 108, 163 

Organophosphorus compounds, 154ff 

Organopotassium compounds, 36, 39, 163 

Organoselenium compounds, 45, 46, 135ff 

Organosilicon compounds, 74, 152-154 

Organosilver compounds, 161 

Organosodium compounds, 163 

Organotantalum compounds, 162 

Organothallium compounds, 160 

Organotin compounds, 44, 46, 161 

Organotitanium compounds, 69, 162, 163 

Organovanadium compounds, 162 
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Organozinc compounds, 160, 163 

Orthoesters, 107 

Oxetanes, 116-117 

Oxiranes, see Epoxides 

Oxygen, 129-131 

P 

PentacarbonyI[methoxy(l,4-dimethoxy-2- 

naphthyl)carbene]chromium(o), 99 

Pentachloroiodobenzene, 147 

Pentachlorophenyllithium (Li-00080), 29, 

63, 91, 114, 117, 147, 168-169 

3-Pentachlorophenylpropan-l-ol, 117 

Pentafluorophenyllithium (Li-00081), 30, 

140, 150, 161 

Pentane, 5, 8 

Perchloryl fluoride, 143 

Peroxides, 131-132 

Peterson olefination, 74-75 

Phenanthridine, 59 

1,10-Phenanthroline as indicator, 18 

Phenylethynyllithium (Li-00113), 150 

Phenyllithium (Li-10018) 

association, 3 

commercial availability, 22 

preparation, 24, 46 

(V-Phenyl-l-naphthylamine as indicator, 18 

3-Phenylpyridazine, 59 

2-Phenylpyridine, 60 

Phenylselenomethyllithium (Li-10023), 46 

(£')-l-Phenylthio-1 -hexene, 137-138 

Phenylthiomethyllithium (Li-10022), 153 

1-Phenylthio-l-trimethylsilylethene, 154 

1- Phenylthiovinyllithium, 40, 154 

2- Phenyl-l-(trimethylsilyl)ethyllithium, 140 

Phosphates, 112, 157 

Phosphine oxides, 75 

Phosphine sulphides, 75 

Phosphinites, 155 

Phosphites, 155, 156 

Phosphorus halides, 155ff 

2-Picolyllithium (Li-10019), 63, 68 

Potassium t-butoxide, 36,39 

Potassium diisopropylamide, 36 

1- Propynyllithium (Li-00030), 136 

Pyrazine, 59 

Pyridine, 7, 58-60 

2- Pyridyllithium (Li-0060), 31 

Pyrimidine, 59 

Q 

Quinoline, 59 

R 

Radical anions, 26,47-49 

S 

Schlenk tubes, 11,14 

Selenenyl halides, 140 

Silyl halides, 152-154 

Shapiro reaction, 50-51 

Sodium-lithium alloys, 23 

Solvents, 22 

drying of, 5-7 

effect on constitution of organolithium 

compounds, 3-4 

effect on reactivity of organolithium 

compounds, 3-4, 35-36, 67 

Sulphates, 28, 111, 112 

Sulphinates, 141 

Sulphinyl halides, 141 

Sulphonates, 112, 141 

Sulphones 

a/3-unsaturated, 53 

Sulphonyl halides, 141, 142, 144, 145 

Sulphonylhydrazones, 49-50 

Sulphur, 96, 135-137 

Sulphur dichloride, 139-140 

Sulphur dioxide, 141-142 

Sulphuryl chloride, 141 

T 

1.1.2.2- Tetrabromoethane, 145 

Tetrachloro-3-lithiopyridine, 144 

Tetrahydrofuran, see THF 

2,3,5,6-Tetramethoxyphenyllithium, 84 

1.1.3.3- Tetramethylbutylisonitrile, 65-66 
AQ/V,7V',7V'-Tetramethyl-l,2-ethanediamine, 

see TMEDA 

THF, xvii, 5-8 

cleavage of, 35, 116, 176, 178 

drying of, 5-7 

Thioamides, 103 
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Thiocyanates, 139-140 

Thioethers 

cleavage of, 47-49 

synthesis, 135 

Thioketenes, 105 

Thioketones, 104-105 

Thiophene-2-thiol, 136-137 

Thiophilic addition, 104-105 

TMEDA, xvii, 3, 4, 7, 22, 36, 39, 54, 80, 

87, 154 

2-(p-Toluenesulphonyl)-2-propyllithium, 102 
4-Tolyllithium (Li-00108), 22, 94 

Transmetallation, 44ff 

Trapp mixture, 8, 137 

Triazenes, 127 

2.4.6- Tri-t-butylphenyllithium (Li-20054) 157 

4,4,4-Triethoxy-l-butynyllithium, 78 
Triethylamine, 5, 7 

2.4.6- Trimethylphenyllithium (Li-00132), 
30, 162 

l-(Trimethylsilyl)ethyllithium, 140 

1- (Trimethylsilyl)-l-hexenyllithium, 30 

Trimethylsilylmethyllithium (Si-30007), 22, 
25, 161 

2- (Trimethylsilyloxy)vinyllithium, 30 

4-(Trimethylsilyl)phenyllithium, 30, 164 

Triphenylmethane as indicator, 18 

Triphenylmethyllithium (Li-30069), 40 

Trithiocarbonates, 104 

Tritiation, 28, 120-121 

U 

Ultrasonic irradiation, 23, 83 

V 

Vinyllithium (Li-30006), 25, 46, 94 

W 

Wittig reactions, 174-175 

Y 

Ylides, 174-175 
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