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1. Introduction

The growth and development of organometallic chemistry
in both organic and inorganic chemistry started 150 years
ago.1,2a As part as this huge area, organolithium compounds
have been considered as fundamental reagents due to their

chemical behaviour2 and have recently emerged as a
valuable tool in the preparation of other organometallic
compounds2a,3 for the cross-coupling reactions catalysed by
transition metal complexes.2a,4 Functionalised organo-
lithium compounds are attractive and very interesting
intermediates for the construction of organic structures
because in their reaction with electrophiles they are able to
generate directly polyfunctionalised molecules.2a,5 These
compounds are mainly generated by direct deprotonation or
by a halogen–lithium exchange, although tin–lithium,
chalcogen–lithium and phosphorous–lithium exchanges
are also known.2a In particular, aryl- and heteroaryllithium
compounds, obtained by direct deprotonation have been
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sufficiently reviewed in the last few years,2a,5a,6 but their
preparation by non-deprotonating methods was treated in
general articles on organolithium compounds and main
group organometallic chemistry.2a,5b – h This review will
cover the literature published between 19957 and 2002
dealing with the uses of functionalised aryl- and hetero-
aryllithiums generated by non-deprotonating methods.2a,8

Halogen–lithium exchange in arenes is faster than hydro-
gen–lithium exchange (direct metallation) and constitutes a
strategy to functionalise aromatic compounds, giving
structurally-challenging compounds in a regioselective
manner. This method introduces a lithium atom into a
determined non-activated position of the corresponding
arene and also allows the preparation of arenes, which are
not synthetically available by other routes such as, for
example, electrophilic substitutions.9 Since the discovery of
the bromine–lithium exchange reaction simultaneously by
Gilman and Wittig,1,2a until Beak’s work,10 many discus-
sions and theories about the mechanism of the generation of
alkyllithiums promoted by ButLi, BusLi and BunLi have
been maintained. Beak’s proposal concerned the existence
of an intermediate based on a trigonal bipyramid with apical
ligands and equatorial lone electron pairs 1.11 Actually, the
ate complex lithium diphenyliodate (Ph2I2Liþ), formed
from iodobenzene and phenyllithium, has been character-
ised as an intermediate in THF/HMPA at low tempera-
ture.11a,b It has been confirmed that the formation of this
halogen-ate intermediate 1 underwent a solvent acceleration
by the solvent stabilisation of the transition state indepen-
dent of the state of aggregation of the organolithium
reagent.11c

Regarding the lithium source, ButLi, BunLi and BusLi are,
in this order, the most frequently used reagents in the
halogen–lithium exchange, but lithium metal is also a
powerful reagent in arene-catalysed lithiations,12 especially
for the development of other heteroatom–lithium exchange
processes, which will be described in due course. A
comprehensive survey on the mechanism of the arene-
catalysed lithiation involving the naphthalene radical anion
and naphthalene dianion ruled out the generation of an ‘ate’
transition state intermediate 1 according to the reactivity
profiles of alkyl and aryl chlorides. Dilithium naphthalene
displayed an outer-sphere electron transfer mechanistic
model with these acceptors.13

2. Functionalised aryllithium compounds

2.1. Carbon-bonded functionalised aryllithium
compounds

2.1.1. Alkyl, alkenyl and alkynyl substituents. In this
section are included alkyl-substituted aryllithiums due to

their important applications in organic synthesis (as potent
nucleophiles and bases), although these substituents are not
usually considered as functional groups. For instance, the
syntheses of series of phosphoranes, oligosilanes, and
especially the preparation of transition and main group
metal complexes were accomplished by the more electro-
positive organolithium compounds. Several examples of the
alkylated aryllithiums, generated previously by a halogen–
lithium exchange, as well as their synthetic applications are
shown in Table 1.

The preparation of enantiomerically enriched ferrocene
derivatives was performed preparing the corresponding
chiral ligand by an enantioselective addition of p-
tolyllithium to 6-(dimethylamino)fulvene 2. The reaction
of the non-isolated organolithium compound 3 with Cpp-
Fe(acac) afforded the complex 4 in very high chemical yield
and optical purity (Scheme 1 and Table 1, entry 7).

The transmetallation of aryllithiums with Me2AlCl or
R2SnCl2 resulted in the formation of aryldimethylalumi-
nium or diaryldialkyltin compounds, respectively. The
aluminium reagents were employed in chemoselective
conjugate additions to enones and steroidal dienones 5 in
the presence of nickel(II) salts33 to give 6 (Scheme 2). The
diarylstannanes underwent reductive elimination (homo-
coupling reaction) mediated by Cu(II) salts, affording the
biaryls in good chemical yields.34

Alkylated aryllithiums, obtained by halogen– lithium
exchange, were used for several structural studies concern-
ing the dynamics of the exchange, relaxation and rotation of
the carbon–lithium bond in monomeric species,34 as well as
in the synthesis and characterisation of the Lewis base-free
s-bonded aryllithiums.35 More attractive, from the synthetic

Scheme 1.

Scheme 2.
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point of view, was the preparation of biaryls by oxidative
coupling of organolithium compounds induced by oxova-
nadium(V) complexes36 and by a reaction with selenonium
salts 8.37 In the first example, a possible degradation of the
organovanadium(V) to the organovanadium(IV) species
formed the biaryl, which was facilitated by the high electron
density of the aromatic ring, whilst, in the second example,
an aryne 9 was generated as an intermediate, followed by
the addition of another equivalent of p-tolyllithium
(Scheme 3). When the alkynylarene 11 was used in this
reaction as a precursor of the corresponding organolithium
compound, instead of 4-bromotoluene (7), a 1:1 mixture of
the 1,3- and 1,4-biaryls 10a and 10b was obtained. o-
Tolyllithium was employed as the nucleophile in a ligand
exchange at the iodine atom of vinyliodonium triflates,
achieving new unsymmetrical diaryliodonium salts in good
yield.38 The same property of this aryllithium was exploited
in a study of migratory aptitudes in rearrangement–
displacement reactions of aryl groups in dimethoxysi-
lanes.39

The synthesis of a water-soluble aromatic carboxylate
nitroxide, which is required for such different applications
as NMR spectroscopy, pharmacology and organic trans-
formations, could be carried out by the reaction of an
aryllithium (obtained from the bromide 12) and 2-methyl-2-
nitrosopropane (Scheme 4). Three more steps, including a
hetero-Cope rearrangement of the compound 13, were
needed for obtaining the desired free radical 14.40

In the search of light-emitting polymers, the synthesis of
polyfluorenes with polyphenylene dendron side chains

Table 1. Synthesis of phosphoranes, oligosilanes and metal complexes mediated by alkylated aryllithiums

Entry Aryllithium Final compound Ref.

1 2-MeC6H4Li Spirophosphoranes 14
2 2-MeC6H4Li Tricarbonylirontricarbonylmanganese complexes 15
3 2-MeC6H4Li Tricarbonylirontricarbonylrhenium complexes 15b
4 2-MeC6H4Li Titanium dinitrogen complexes 16
5 2-MeC6H4Li Benzenetricarbonylmanganese(I) hexafluorophosphate 17
6 2-MeC6H4Li Diironalkoxycarbene complexes 18
7 2-MeC6H4Li Chiral ferrocenes 19
8 2-MeC6H4Li 1,10-Bis(h5-cyclopentadienyl)-1-zircona-3-phosphaindenes 20
9 2-MeC6H4Li Alkoxycarbene manganese complexes 21
10 2-MeC6H4Li (Tricarbonyliron)dicarbonyl[ethoxy(aryl)carbene]iron complexes 22
11 2-MeC6H4Li Diiron bridging alkoxycarbene complexes 23
12 2-MeC6H4Li Tricarbonylirondicarbonyl(arylcarbonyl)iron complexes 24
13 3-MeC6H4Li Spirophosphoranes 14
14 3-MeC6H4Li Ricarbonylirontricarbonylmanganese and rhenium complexes 15b
15 3-MeC6H4Li Titanium dinitrogen complexes 16
16 3-MeC6H4Li Diironalkoxycarbene complexes 18
17 3-MeC6H4Li Furanyl-coordinated alkoxy(amino)carbeneiron and acyliron complexes 25
18 3-MeC6H4Li 1,10-Bis(h5-cyclopentadienyl)-1-zircona-3-phosphaindenes 20
19 3-MeC6H4Li Alkoxycarbene manganese complexes 21
20 3-MeC6H4Li (Tricarbonyliron)dicarbonyl[ethoxy(aryl)carbene]iron complexes 22
21 3-MeC6H4Li Diiron bridging alkoxycarbene complexes 23
22 4-MeC6H4Li Yttrium and lanthanide biphenyldiide complexes 26
23 4-MeC6H4Li Hexacoordinated antimony-ate complexes 27
24 4-MeC6H4Li Spirophosphoranes 14
25 4-MeC6H4Li Bis(imidoaryl)molybdenum complexes 28
26 4-MeC6H4Li Tricarbonylirontricarbonylmanganese and rhenium complexes 15b
27 4-MeC6H4Li Titanium dinitrogen complexes 16
28 4-MeC6H4Li Diironalkoxycarbene complexes 18
29 4-MeC6H4Li Furanyl-coordinated alkoxy(amino)carbeneiron and acyliron complexes 25
30 4-MeC6H4Li 1,10-Bis(h5-cyclopentadienyl)-1-zircona-3-phosphaindenes 20
31 4-MeC6H4Li [h5-(Diarylhydroxymethyl)cyclopentadienyl]cobalt complexes 29
32 4-MeC6H4Li Alkoxycarbene manganese complexes 21
33 4-MeC6H4Li (Tricarbonyliron)dicarbonyl[ethoxy(aryl)carbene]iron complexes 22
34 4-MeC6H4Li Diiron bridging alkoxycarbene complexes 23
35 4-MeC6H4Li Tricarbonylirondicarbonyl(arylcarbonyl)iron complexes 24
36 2,3-Me2C6H3Li 1,10-Bis(h5-cyclopentadienyl)-1-zircona-3-phosphaindenes 20
37 2,3-Pri2C6H3Li Bis(imidoaryl)molybdenum complexes 28
38 2,4,6-Me3C6H2Li Spirophosphoranes 14
39 2,4,6-Me3C6H2Li [Bis or tris(trimethylsilyl)methyl]silanes 30
40 2,4,6-Et3C6H2Li Spirophosphoranes 14
41 2,4,6-Pri3C6H2Li Spirophosphoranes 14
42 2,4,6-Pri3C6H2Li [Bis or tris(trimethylsilyl)methyl]silanes 30
43 2,4,6-Pri3C6H2Li Azadigermiridines 31
44 2,4,6-Pri3C6H2Li Fluorosilylphosphidoiron and nickel complexes 32
45 2-But-3,4,5-Me3C6HLi [Bis or tris(trimethylsilyl)methyl]silanes 30
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started with the addition reactions of several aryllithiums
onto aromatic methyl esters.41 Double addition of an
aryllithium, obtained from halogen–lithium exchange,
was required in the preparation of the interesting 2,3-
diaryl-1,1-difluoro-1,3-butadienes 19.42 Firstly, the aryl-
lithium attacked the sulfur atom of the compound 15,
providing a carbanion, which then quickly underwent a b-
defluorination reaction to give the intermediate b-fluoro-b-
trifluoromethylvinyl sulfide. These transient compounds
were so reactive that they suffered an addition–elimination
reaction with a second equivalent of the aryllithium reagent,
giving the alkene 16. In the second step, compound 17 (an
excellent Michael-type acceptor obtained by oxidation of
the sulfide 16) again underwent an a-addition reaction and
generation of the a-anion with respect to the trifluoromethyl
group, instead of reacting with the aryllithium reagent at the
expected b-position to the sulfonyl group. The final
elimination of lithium benzenesulfinate afforded the butenes
18, which were used as precursors of the butadienes 19
(Scheme 5).42

The synthesis of trialkylsilylated benzyl mercaptans and
benzenethiols has revealed that the trialkylsilyl substituent,
introduced by the reaction of a trialkylsilyl chloride with the
corresponding aryl bromide in the presence of n-butyl-
lithium, had a remarkable effect in reducing the foul smell
of the parent compounds.43 Other silylated arenes were
studied as electrophiles in cross-coupling reactions and the
Mizoroki–Heck reaction catalysed by palladium com-
plexes.44

The combination of an aryllithium compound with a
stoichiometric amount of a chiral base [(2)-sparteine] and
an achiral Lewis acid (BF3·OEt2) generated the alcohols 21
from 20 in up to 82% enantiomeric excess. These chiral
products are constituents of several biologically-active
compounds such as (þ)-(R)-neobenodine (22) (Scheme
6).45 The mechanism of this SN2-type reaction remains
unclear, but, presumably, a nucleophilic attack of the base-
associated organolithium reagent to a BF3-activated acetal
can occur, it not being possible to rule out the involvement
of chiral ion-pair intermediates.

Scheme 4.

Scheme 3.

Scheme 5.
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Various 1-arylnaphthalenes were accessible via a simple
two-step process involving aryllithiums, which reacted with
alkenylbenzocyclobutenones furnishing the expanded dihy-
dronaphthalenes, which were readily dehydrated by known
procedures.46 When 1,5-dichloroanthraquinones were
employed, the aryllithium reagent gave a double 1,2-
addition to both carbonyl groups, affording the dihydrox-
yanthracenes, which were transformed into rubicenes after
reduction and an intramolecular cyclisation reaction.47

Chiral and non-chiral triarylcarbenium ions have been
tested in allylations of aldehydes48 and in aromatic
Mukaiyama aldol additions.49 In the latter example, the
chiral triarylcarbenium ion 24, generated by the reaction of
compound 26 with 4-ButC6H4Li, induced a modest
enantioselectivity in the reaction of benzaldehyde and the
silyl ketene acetal 23 to obtain the final product 25
(Scheme 7).49

Dinitrogen tetroxide was found to be an excellent electro-
phile in the nitration of aryllithiums, and p-tolyllithium
[obtained as described previously (see Scheme 3)] afforded

p-nitrotoluene in 86% yield.50 The reaction was much
cleaner when N2O4 was deposited onto the surface of a
frozen solution of the aryllithium in 1,2-dimethoxyethane
(DME). Other electrophiles, such as 2,3-alkylidenediox-
ybenzoic acid esters, reacted with o-tolyllithium to give the
biphenyls in good chemical yield (see below, Scheme 45),50

but the most interesting application will be shown later (see
the alkoxycarbonyllithium section, Scheme 45).

The enantioselective deprotonation of the epoxide 27 with
aryllithiums to give the azanortricyclanol 28, used in a
radical rearrangement approach to the potent non-opioid
analgesic epibatidine derivatives, was studied with (2)-
sparteine and with bisoxazolines 29 as the chiral ligands
(Scheme 8). In general, the better optical yields were
achieved with the ligands 29, although the chemical yields
were slightly higher using (2)-sparteine.51

Aryllithium-chiral additive complexes were readily gener-
ated in non-polar aprotic solvents via a halogen–lithium
exchange reaction from the corresponding aryl bromides 30
and 33 in the presence of a series of chiral additives. The
optimal enantioselectivities were obtained in the reactions
of aryllithium reagents with the a,b-unsaturated tert-butyl

Scheme 6.

Scheme 7.

Scheme 8.
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esters 31, using (2)-sparteine or the chiral 1,2-dimethoxy-
1,2-diphenylethane as the chiral ligands, the products 32
being obtained (Scheme 9).52 A different approach to the
compounds 35, starting from the compound 33, was
achieved using a chiral oxazolidine or imidazolidine
group directly bonded to the aromatic ring, as in compound
34 (Scheme 9). The levels of stereoselectivity observed in
this process were dependent on the structure of the Michael-
type acceptor and the solvent effects.53

A diastereoselective Michael-type addition reaction of p-
tolyllithium onto the a,b-unsaturated compound 36 (pre-
pared from crotonic acid and tert-leucinol) took place to
give the compound 37 (Scheme 10), a precursor of (þ)-a-
curcumene, which is a constituent of a large number of
essential oils detected in the rhizomes of Curcuma
aromatica Salisb.54

Alkyl-substituted aryl- and heteroaryllithiums were treated
with SO2(g) to obtain the arylsulfinic acid salts in very good
yields. In this case, this was the first step for the general
synthesis of arylsulfonylhydrazides, which could also be
transformed, under reductive reaction conditions, to deliver
the desired sulfonamides.55

Several methyl-, dimethyl- and trimethylaryllithiums were
used in the preparation of arylhydroxymethane[3]orthocy-
clo[5]-(1,8)-naphthalenophanes that rearranged in acidic
media to benzoazulenes or to other different polycyclic
systems,56a as well as in the elaboration of 1,2-acetoxy-1,2-
bis(aryl)ethenes upon addition to highly-hindered 1,2-diaryl
ketones.56b

Disiloxane-protected 2-deoxyribonolactone is an efficient
precursor to 1,2-dideoxy-1b-aryl-D-ribofuranoses by a
highly-diastereoselective addition of several tolyllithiums
to the lactone moiety.57 These ribofuranoses have been
studied as potential universal bases and for using as
nucleoside replacements in the design of novel base pairs.
Other attractive structural variations, currently undertaken
on steroids, were challenging in terms of chemical
methodologies, p-tolyllithium reacting with estrone benzyl
ether at 2788C in a mixture of toluene/THF in the presence
of boron trifluoride etherate.58 More recently, the same
research group described the addition of p-tolyllithium to an
11-oxosteroid 38, furnishing the protected 11a-aryl-11b-
hydroxyandrostendione 39 in overall acceptable yields,
considering the low reactivity of the 11-oxosteroids
(Scheme 11). The structure 39 can be considered as a key
intermediate in a short route to progesterone antagonists.59

Scheme 9.

Scheme 10.

Scheme 11.
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Ceramides are important signalling molecules implicated in
a myriad of physiological events and are one of the major
lipid components of the human skin. The ceramide analogue
43 was synthesised by a diastereoselective addition of the
organolithium compound 41 to Garner’s aldehyde 40. The
major compound 42 was successively transformed into the
corresponding ceramide derivative in a two-step sequence60

(Scheme 12).

The addition of tolyllithiums to the oxabicyclo[3.2.1]octan-
3-one 44 resulted in the formation of the benzylic alcohols
45 in good yields (Scheme 13). The effect of these
compounds 45 on the growth of Sorghum bicolor was
evaluated, the p-methylphenyl derivative being one of the
most active and causing 100% inhibition of the development
of its aerial parts and roots of the weeds and crops.61

Aryl iodides, bromides and chlorides are the most
frequently used starting materials, which are prone to
undergo halogen–lithium exchange, although other starting
materials such as phenyl triflate can also give this reaction,
but they do not undergo such a clean interchange with
lithium powder and substoichiometric amounts of naphtha-
lene (4 mol%); this mixture, in the presence of boron
trifluoride, reacted with benzaldehyde affording only a 17%
yield of diphenylmethanol.62 On the other hand, the
fluoroarenes 46 afforded the corresponding aryllithium
intermediates with lithium powder and a catalytic amount
(7 mol%) of naphthalene in THF at 2308C. The resulting
organolithiums reacted with different electrophiles, under
Barbier-type reaction conditions, to give the expected
products 47 in moderate to good yields63 (Scheme 14).

Aryllithiums bearing an alkenyl substituent have been used
in carbocyclisations. The intramolecular substitution reac-
tion of geminal dibromoalkenes proceeds to afford indenes
and 1,2-dihydronaphthalenes in very good yields via the in
situ-generated lithium alkylidene carbenoids.64 The asym-
metric version of the carbocyclisation has been applied to
the compound 48, employing (2)-sparteine as the chiral
ligand and obtaining methylindan 50 in good yield and
moderate enantioselectivity,65 the intermediate 49 being
probably involved in the process (Scheme 15).

In the first synthesis of a diazirine-bearing photoactivatable
calcitriol analogue, a concise synthesis including a bro-
mine–lithium exchange in the compound 51 and further
reaction with methyl trifluoroacetate gave the product 52 in
good chemical yield66 (Scheme 16).

Scheme 13.

Scheme 12.

Scheme 14.

Scheme 15.

Scheme 16.
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The sophisticated tellurepines 53 were lithiated with tert-
butyllithium (direct tellurium–lithium exchange) in the
presence of TMEDA, affording an organolithium inter-
mediate 54, which was allowed to react with a series of
metallic salts (MCl2) in order to obtain in low yield the 1-
benzostannepines, 1-benzostibepines, and 1-benzosilepines
5567 (Scheme 17).

Alkynylphenyllithiums were prepared by bromine–lithium
exchange and immediately used in the Negishi reaction
catalysed by palladium(0) upon transmetallation with zinc
bromide. This process provided a rapid route to novel
cyclophanes and macrocycles, inserting arene, alkene and
alkyne units.68

Polyaryllithiums have been used, apart from the synthesis of
sulfonamides (see Ref. 55), in the generation of new
organometallic complexes, but to a lesser extent than the
functionalised aryllithiums (see Table 1). The most relevant
examples in this area are lised in Table 2.

Selenium–lithium and tellurium–lithium exchanges have
been studied in polyaryllithiums by dynamic NMR
(DNMR). The very fast intramolecular selenium–lithium
replacement did not proceed appreciably through the
observable ate complexes. The authors proposed that, in
this reaction, the separated ion pairs (SIP)/strong contact ion
pairs (CIP) interconversion is slower than the selenium–
lithium exchange rate.73

Linear oligophenylenediynes containing 6, 9 and 12
phenylene rings were synthesised in high yield using a
nucleophilic aromatic substitution (SNAr) of perfluoroar-
enes by alkynyl-substituted biaryllithium reagents as the

key carbon–carbon bond-forming reaction. These polyar-
yllithiums were prepared from compound 57, which was
generated in situ by a halogen–lithium exchange from 56
using ButLi74 (Scheme 18).

The 1- and 2-naphthyllithiums have been used in the
reactions described above such as in the addition onto
acetals,45,50 in the synthesis of hindered arylnaphthalenes,46

in stereoselective Michael-type addition reactions53 and in
the synthesis of 1-b-aryl-D-ribofuranose derivatives.57 7-
Substituted dinaphtho[2,1-b;10,20-d]siloles and germoles,
the first isolated examples of optically active binaphthohe-
teroles, have been prepared from 2,20-dibromo-1,10-
binaphthyl and tert-butyllithium at 2788C through the
corresponding 2,20-dilithio-1,10-binaphthyl intermediate.75

Monoditerpene chiral oligofluorenes76 and 9,9-diphenyl-
fluorene-capped oligothiophenes77 were prepared by using
the sequence aryl bromide!aryllithium!boronic acid!
Suzuki-Miyaura cross-coupling product. In the latter
example, the resulting oligothiophenes exhibited an intri-
guing reversible redox behaviour.77

A simple preparation of iodoarenes has been reported
employing 2,2,2-trifluoro-1-iodoethane as the electrophile,
and 9-bromophenanthrene 58 was transformed into the
corresponding iodide 59 in 72% yield78 (Scheme 19).

Table 2. Synthesis of metal complexes mediated by the addition of polyaryllithiums

Entry Polyaryllithium Final compound Ref.

1 2-Biphenyllithium 1,10-Bis(h5-cyclopentadienyl)-1-zircona-3-phosphaindenes 20
2 4-Biphenyllithium Yttrium and lanthanide biphenyldiide complexes 26
3 2,6-(Dipp)2-C6H3Lia Monomeric organolithium species 69
4 2,6-(Tripp)2-C6H3Lib Monomeric organolithium species 69
5 2,6-(Diphenyl)phenyllithium Gallium complexes 70
6 1-Naphthyllithium Metalloporphyrins 71
7 1-Naphthyllithium Chiral metallocenes 19
8 1-Naphthyllithium Ruthenium- and osmium-carbyne complexes 72
9 2-Naphthyllithium Ruthenium- and osmium-carbyne complexes 72

a Dipp¼2,6-disopropylphenyl.
b Tripp¼2,4,6-triisopropylphenyl.

Scheme 17.

Scheme 18.

Scheme 19.
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One of the most important reactions for the functionalisation
of cross-linked polystyrene is the bromine – lithium
exchange from bromopolystyrene and a number of functio-
nalised polymers have been prepared from the lithiated
polystyrene, some of these being shown in Table 3.

As a typical example of all of these applications, the
reaction of polystyryllithium 61 with a polyoxygenated
primary alkyl bromide 60 yielded a link 62 ready for
anchoring a metallocene unit 6379 (Scheme 20).

2.1.2. Oxygen-containing alkyl substituents. Ether chela-
tion by the oxygen in molecules of the type 64 is
intermediate in strength (for n¼1, 2) compared to the strong
chelation exhibited by the analogous amines, competing
with the interaction with THF molecules. It has been
demonstrated by variable-temperature 6Li and 13C NMR
spectroscopy that there is a reliable qualitative correlation
between the strength of the chelation and the strength of the
aggregation.112 These chelation and aggregation effects
modulate the reactivity of the organolithium compounds 64,

Table 3. Synthetic uses of polystyryllithium

Entry Application Ref.

1 Synthesis of metallocene catalysts 79
2 Synthesis of polystyrenesulfonic acids 80
3 Synthesis of polymer-supported organozinc and/or organocopper reagentsa 81
4 Synthesis of polymers incorporating 9,10-anthracenylidene chromophores 82
5 Synthesis of tetramethylpolysulfones and polyphenyl sulfonesb 83
6 Synthesis of high molecular weight cyclic and multicyclic polystyrenes 84
7 Synthesis of block and grafted copolymers 85
8 Influence of dialkylphenoxyaluminium on the reactivity of

polystyryllithium
86

9 Star branched polymers 87
10 Synthesis of poly(isoprene-graft-styrene) with polyfunctional branch points 88
11 Synthesis of diene-functionalised macromonomers 89
12 Influence of lithium chloride on the anionic propagation mechanism 90
13 Mechanism of coupling reactions of polystyryllithium with dihalomethanes 91
14 Synthesis of comb-like branched polystyrenes and graft copolymers 92
15 Functionalisation of polystyryllithium 93
16 Synthesis of arborescent graft polystyrenes 94
17 Synthesis of functionalised polystyrenes with D-glucose and/or D-galactose

units
95

18 Reactions of polystyryllithium with 9,10-bis(halomethyl)anthracene 96
19 Synthesis of macrocyclic polystyrene 97
20 Synthesis of polystyrene with dendritic branching 98
21 Synthesis of poly(m-halomethyl)styrenes 99
22 Amine functionalisation of polystyryllithium 100
23 Synthesis of functionalised polystyrenes with (chloromethyl)phenyl groups 101
24 Synthesis of soluble graft-like complexes 102
25 Synthesis of star branched polymers 103
26 Influence of di-n- and di-s-butylmagnesium on the reactivity of

polystyryllithiums
104

27 Anionic polymerisation of secondary aminostyrene 105
28 Synthesis of a diphenylene bearing aromatic tertiary amine groups 106
29 Aggregation in lithium-based anionic polymerisation 107
30 Microstructure effect in the reactivity of polystyryllithium 108
31 A new system for living anionic polymerisation 109
32 Chain functionalisation with a benzamide derivative 110
33 Reaction of polystyryllithium with propylene oxide 111

a Via organozinc reagents generated by lithium–zinc transmetallation with ZnHal2.
b Polybisphenolic rings underwent halogen–lithium exchange.

Scheme 20.
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which were prepared from 65 by halogen–lithium exchange
(Scheme 21). In addition, the lithioarenes 64 have been used
for the generation of polymer-bound radicals, which were
the subject of kinetic measurements of intramolecular
hydrogen transfer reactions.113

4,40-Di-tert-butylbiphenyl (DTBB)-catalysed lithiation of
chlorinated benzylic alcohols 66 afforded the dianions 67,
which were ready to react with several electrophiles
(Scheme 22), this transformation allowing the preparation
of the functionalised aromatic molecules 68 in a one-pot
process.114 Very similar reactions involving halogenated
arylalkyl methyl esters were carried out performing the
reductive cleavage at the benzylic and aromatic positions
with an excess of lithium metal and a catalytic amount of
naphthalene (5 mol%), leading to the formation of complex
reaction mixtures.115

The synthesis of the functionalised benzofused heterocyclic
derivatives 71 was developed by a route the key step of
which involved the generation, from compound 69, of a
benzyne-tethered aryllithium compound 70 that underwent
an intramolecular anionic cyclisation (Scheme 23). It is

noteworthy that this simple and straightforward synthesis of
functionalised heterocycles allows access to some com-
pounds that are otherwise more difficult or tedious to
prepare.116

The tetrahydropyranyl derivative of 4-bromobenzyl alcohol
was the precursor of the organolithium intermediate
employed in the preparation of tetraphenylporphyrins
substituted with methylchalcogeno groups.117 The benzyl
ether 72, with another type of functionalised chain, was
designed in order to prepare organocuprates from the
corresponding aryllithiums. The oxidative coupling of the
corresponding cuprates afforded medium ring species 73
utilised in the preparation of new polyfunctionalised
polymers118 (Scheme 24).

The Negishi cross-coupling reaction between sterically-
hindered vinyl iodides and organozinc reagents was
examined. In this case, the organolithium reagents, obtained
by a lithium–halogen exchange, were transformed into their
corresponding organozinc compounds by transmetallation,
which were employed in the synthesis of vitamin D
analogues.119 Benzoboroxoles 76 are novel organoboron
heterocycles prepared, in very good yield, from the readily
available o-bromobenzyl alcohols 74 via dilithiation,
followed by the reaction of intermediate 75 with triisopropyl
borate120 (Scheme 25). Their potential synthetic utility as
boronic acid was very promising, especially in transition
metal-catalysed or non-catalysed cross-coupling reactions.

Aryllithiums have also been exploited in the preparation of
chiral and homochiral ligands, as has occurred in the case of
hindered phosphanes or their derivatives. Dibenzo[b,f]phos-
phepin-5-oxides,121 fluorenyldiphenylphosphanes122a and
chiral triarylphosphanes122b are three representative
examples where a bromine–lithium exchange was used to
incorporate the phosphorous atom as the electrophilic
fragment.

Scheme 21.

Scheme 22.

Scheme 23.

Scheme 24.
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The reaction of the taxane ring A precursor 77 with the
aryllithium reagent 75 (R¼H) afforded a separable 1.7:1.0
epimeric mixture of products 78 in excellent yield123

(Scheme 26). The taxane ring B was built in nine steps
from the compound (S)-78 in 53% overall yield.

The brominated compounds 79 and 80 were used for
introducing the aryl-substituted framework in molecules
exhibiting high affinity for s1 receptors124 and in branched
hexasaccharides through a solid-phase synthesis,125 respect-
ively. The functionalised phenanthrene 81 was chosen as an
intermediate in the synthesis of phenanthro[2,3-c]furan, a
heterocycle fifteen-fold more reactive than isobenzofuran,
which was prepared in several steps, beginning with a
bromine–lithium exchange from compound 81, followed by
addition to DMF.126

Mesityllithium was found to be an excellent selective
lithiating agent to prepare chemoselectively aryllithium
compounds possessing alkoxycarbonyl groups. The iodoox-
alate 82 reacted with mesityllithium (also prepared by a
bromine–lithium exchange), giving the corresponding
organolithium intermediate, which cyclised yielding the
benzolactone 83 (Scheme 27). The use of other organo-
lithium compounds such as BunLi and ButLi gave the
lactone 83 in very low yields.127

In the synthesis of balanol derivatives (inhibitors of protein
kinase C) bearing modified benzophenone subunits, the
bromonaphthalene 84 was lithiated with BunLi and the
resulting organolithium reacted intramolecularly with
the ester group128 (Scheme 28). The result of this reaction
was a regioselective migration of an acyl group from an
alkyl chain in 84 to the aromatic a-position in 85.

Cyclic or acyclic acetals have frequently been employed in
main group organometallic chemistry as an effective
protecting group. The chlorophenyl-2,3-dioxolanes 86
were allowed to react with lithium powder and a catalytic
amount of naphthalene (10 mol%) at 2788C, generating the
corresponding organolithiums. The final functionalisation
of the aromatic ring was achieved by reaction with
aldehydes and ketones to give the compounds 87 in modest
yields129a (Scheme 29), the reaction being performed under
typical Barbier-type conditions in order to avoid decompo-
sition of the organolithium intermediate. It is worthy of note

Scheme 25.

Scheme 26.

Scheme 27.

Scheme 28.

Scheme 29.
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that the process did not work as expected when DTBB was
used as the electron-carrier agent because a reductive
opening of the heterocycle partially occurred.129a More
recently, higher yields of the products 87 (substituted at the
para position) were achieved employing the polymer-
supported biphenyls 88a and 2-naphthyls 88b (ROMP gel-
supported arenes) as electron carriers in 10 or 20 mol%
amounts at 2788C.129b

2-(Haloaryl)-1,3-dioxolanes, such as compound 89, were
used in the synthesis of rigid-spacer chelators in supramo-
lecular chemistry,130 whilst the compound 91 (R¼Me) and
its precursor 90 were employed in a general straightforward
synthesis of rubicenes.47 The compound 91 (R¼H) was the
starting material in the preparation of p-styryldiphenylphos-
phane, which was copolymerised with divinylbenzene and
styrene for the preparation of polymer-supported phos-
phonium bromides, useful as catalysts in the protection and
deprotection of alcohols and alkyl vinyl ethers.131

A highly stereoselective 1,4-asymmetric reaction of 2-
(arylsulfinyl)benzaldehydes and 2-(arylsulfinyl)phenyl
ketones 95 with Grignard reagents was studied. The
preparation of the chiral compounds 95 was achieved by
halogen–lithium exchange from the compound 92, fol-
lowed by reaction with the optically pure glucosyl
benzenesulfinate 93 from 278 to 2308C (Scheme 30).

When using p-tolylmagnesium bromide in THF and the
formyl sulfoxide derived from 94, the potent antihistaminic
(R)-neobenodine 22 was obtained.132 In addition, the
bromoarene 92 was conveniently elaborated in the reported
synthesis of novel spiropiperidines, investigating their
affinity for s1- and s2-receptors by means of radioligand
binding assays.133 The p-bromo isomer of compound 92 was
selected as the starting material in the synthesis of optically
active polymers employing repetitive Sakurai–Hosomi
allylation reactions.134,135

Aryllithiums, prepared by a bromine–lithium exchange
from the enantiomerically pure perhydro-1,3-benzoxazines
96, participated in an intramolecular 6-exo-trig-carbolithia-
tion reaction with unactivated double bonds attached to the
heterocyclic nitrogen atom. Whereas the related carbocy-
clisation allowed the preparation of the enantiopure 4-
substituted tetrahydroisoquinolines 97, a domino process
favoured when no TMEDA was used (or by extending the
reaction time and triggered by a deprotonation at the
benzylic position) constituted an unprecedented stereose-
lective synthesis of the enantiopure 7-substituted 2-
azabenzonorbornane derivatives 98136 (Scheme 31).

The acetals 99 and 100 are oxygen-containing alkyl-
substituted brominated aromatic compounds, which were
transformed into their corresponding coordinatively-stabil-
ised organolithiums with n-butyllithium. The compound 99
(R¼Me) was used in different processes, such as in the
synthesis of spiropiperidines as described previously,133 for
the development of chiral salicylaldehydes, which are
derivatives of Kagan’s ether,137 and in the elaboration of
the C-ring taxane skeleton. The organolithium derived from
compound 99 (R¼Et) reacted with the aldehyde 101 to give
a 3.4:1 mixture of the diastereoisomers 102a and 102b
(Scheme 32). The C-aromatic taxane ring system was finally
accomplished by an oxonium ene cyclisation reaction as theScheme 30.

Scheme 31.
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key step.138

Several chiral bromoarenes 100 were investigated as
precursors of organolithium reagents able to control the
diastereoselectivity in the addition to acylimines. Further
transformation of the resulting major diastereomers furn-
ished dihydroisoquinolines and N-methyl-D-aspartate antag-
onist tetrahydroisoquinolines in good yield.139

Alkoxycarbonyl groups bonded to the aromatic ring were
chemoselectively prepared from mesityllithium as
described above (see Scheme 27) for the synthesis of a
camptothecin precursor.127 An iodine–lithium–deuterium
exchange sequence was also designed for obtaining pure
samples of 4-deuteriobenzoic acid in a survey of possible
reactions of 1,4-aryl diradicals with amino acid residues in
proteins.140 A large number of transition state inhibitors of
N-riboside hydrolases and transferases bearing an alkox-
ycarbonyl aromatic moiety (as for example 105) have been
obtained by the addition of the aryllithium 104 onto the
cyclic imines 103 as the key step (Scheme 33). These imines
were easily prepared from the protected 1,4-dideoxy-1,4-
imino-D-ribitol.141

The formation of stable magnesium intermediates allowed a
non-cryogenic metallation of aryl bromides bearing proton-
donating groups, the stabilised species 107 (generated from
bromoarene 106) reacting smoothly with several carbonyl
compounds affording the 3-substituted phthalides, e.g.
compound 108, in good yields (Scheme 34). This method-
ology was expanded to other bromides bearing proton-
donating groups such as hydroxymethyl and ethylamino-
carbonyl in high conversions, the more reactive aromatic
esters, however, being unsuitable functional groups for this
transformation.142a In spite of this known reactivity, p-
bromobenzoic acid tert-butyl ester was lithiated and
immediately transformed into the corresponding organozinc
reagent, which was employed as a building block for certain
vitamin D analogues.119 o-Bromobenzoic acid ethyl ester
was transformed into the corresponding boronic ester and
used in the synthesis of antibacterial and antitumour agents,
particularly the kinamycins and lomaiviticin A.142b

The diarylmethylpiperidine 111 has been prepared by
iodine–lithium exchange from the benzamide 109 and
further reaction with the ketone 110143 (Scheme 35). Other
related aromatic amides were used, after halogen–lithium
exchange, in different processes such as the synthesis of
nitroarenes upon reaction with dinitrogen tetroxide,50 in
studies concerning the competition of deprotonation, in tin-
or halogen – lithium exchange,144 and in a synthetic
approach to 2,3-dihydro-1H-isoindol-1-ones.145

The reaction of o-tolualdehyde with the organolithium
reagent derived from 2-(2-bromophenyl)-4,4-dimethyl-1,3-
oxazole (112) afforded the benzydryl derivative 113 in
excellent yield (Scheme 36). The 1,3-oxazole was a masked
ester group, which was further transformed into the 3-o-
tolylphthalide 114, employed in the preparation of

Scheme 32.

Scheme 33.

Scheme 34.

Scheme 35.
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spirocyclic intermediates for the synthesis of dibenzodithio-
cinium derivatives.146

The silyl enol ether 115 was the substrate in a versatile retro-
[1,4]-Brook rearrangement-enolate addition domino pro-
cess. As a consequence of the regioselective lithiation in the
ortho position, the directed migration of the trimethylsilyl
group from the oxygen atom to the aromatic ring occurred
efficiently in the intermediate 116. The resulting enolate was
allowed to react with different electrophiles, obtaining the
silylated benzophenones 117 in very good yields147

(Scheme 37).

2.1.3. Nitrogen-containing alkyl substituents. As
described above for oxygen-containing alkyl substituents,
the parent amines 118 (generated by tin- or halogen–lithium
exchange) also formed strong five-ring chelates, but not six-
and seven-ring amine chelates.113 These amine-chelated
aryllithium reagents were the subject of in-depth structure
and dynamics studies using multinuclear NMR experiments.
The intramolecular chelation was not disrupted by cosol-
vents as TMEDA or HMPA, and at very low temperatures
(21208C) three robust isomers of the corresponding dimers
118a, 118b or 118c were detected by 6Li and 15N NMR
spectroscopy. Dynamic NMR studies also provided the rates
and activation energies for the interconversion of these three
isomers.148

The strongly-chelated organolithiums 120 and 122, pre-
pared from arenes 119 and 121 by a bromine–lithium
exchange (Scheme 38) were used, respectively, for the
synthesis of stabilised 1,4-phenylene-bridged homo- and
heterodinuclear palladium and platinum organometallic
complexes149 and to obtain well-defined 2:1 and 2:2
copper–copper bromide aggregates, which afforded selec-
tively the biaryls in moderate yields.150

Functionalised nitrogen-containing heterocycles were also
prepared in good yield (as depicted in Scheme 23) using
fluorinated anilines and involving benzynes as intermedi-
ates.116 The diarylmethylpiperazine 124, a precursor of
opioid receptor agonists, was accessed by a different
approach, compared to the analogous piperidines shown in
Scheme 35. In Scheme 39 the carbonyl group was
incorporated by the reaction of the corresponding organo-
lithium compound (generated from bromoarene 123) with
an N-methoxy-N-methylamide (Weinreb amide), the yield
being unfortunately poor,143 whilst the carbonyl moiety
belongs to the organolithium framework in the reaction
illustrated in Scheme 35.

Scheme 37.

Scheme 36.

Scheme 38.
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A Parham reaction of chiral N-(iodobenzyl)pyridones
furnished very interesting condensed chiral isoindolines,
which served as model for the synthesis of indolizidine
209D.145b Silicon compounds intramolecularly coordinated
by hydrazine groups151 and dendritic carbosilanes contain-
ing silicon-bonded mono- and bis(amino)aryllithium end
groups152 could be obtained from the compounds 125a and
126a, respectively. In the first case, the coordinating ability
of the lithiated intermediate 125b was used to stabilise silyl
cations by the formation of pentacoordinated siliconium
ions.151 Secondly, the organolithium 126b was involved in
the first published multilithiated dendrimer systems with
stable C–Li bonds, that could be used to introduce various
metals via lithiation–transmetallation sequences.152

Halobenzonitriles are considered as reactive nitrogen-
functionalised alkyl substituents susceptible to undergo
interesting synthetic transformations. In this way, com-
pound 127a was employed through compound 127b in the
preparation of biaryls in good yield by a homocoupling
reaction mediated by oxovanadium(V) compounds.36 The
nitriles 128a and 129a were precursors of organozinc and
organoborane compounds, respectively, used for different
purposes.36 The reagent 128b allowed the synthesis of
building blocks for the preparation of vitamin D ana-
logues119 and the reaction of 129b with trimethyl borate
constituted the first step in the synthesis of a receptor
heparin possessing a novel boronic acid-containing amino
acid, with good affinity and selectivity.153

2.1.4. Other functionalised alkyl substituents. The in situ
generation of ortho-, meta- and para-lithiobenzyllithium
131, from the starting materials 130, and successive
trapping by an electrophile under Barbier-type reaction
conditions154 (or not)155,156 afforded diols or disilylated

compounds 132 in good yields154 – 156 (Scheme 40). These
lithio-functionalised lithioarenes could be prepared by a
double chlorine–lithium exchange using lithium metal and
a catalytic amount of DTBB at 2508C154 (Method A) or a
catalytic amount of polymer-supported naphthalene or
biphenyl as electron carriers155,156 (Method B) (Scheme
40). Naphthalene (PN) or biphenyl (PB) supported polymers
were prepared by radical polymerisation of 2-vinylnaphtha-
lene or 4-vinylbiphenyl, respectively, with styrene and
divinylbenzene. In general, Method B gave better results for
the compounds 132 when trimethylsilyl chloride was
selected as the electrophile.

Fluoro-substituted 4-(trifluoromethyl)phenyllithium partici-
pated in the preparation and characterisation of new
organometallic compounds (Table 4). It was also added to
xanthone, fluorenone, benzophenone and dibenzosuberone
for the preparation of racemic triarylcarbenium ions (similar
to 23, Scheme 7) used in allylation reactions.48 A
(trifluoromethyl)aryl bromide was used in the regioselective
synthesis of indenes64 and in the stereoselective organozinc
addition reactions to 1,2-dihydropyrans for the assembly of
complex pyran structures.158

A protocol of annulation reactions of various dihalides 133
with keto esters could be carried out to provide an entry to
eight- and nine-membered ring carbocycles 135. In this
process, where an aryl bromide and a tethered alkyl chloride
are present (133), a selective halogen–metal exchange

Scheme 39.

Scheme 40.

Table 4. Applications of 4-CF3C6H4Li in the synthesis of new
organometallic complexes

Entry Final compound Ref.

1 Tricarbonylirontricarbonylmanganese complexes 15b
2 Tricarbonylirontricarbonylrhenium complexes 15b
3 Alkoxycarbene manganese complexes 21
4 Diiron bridging alkoxycarbene complexes 23
5 Tricarbonylirondicarbonyl(arylcarbonyl)iron complexes 24
6 Furanyl-coordinated alkoxy(amino)carbeneiron and acyliron

complexes
25

7 Hexaaryltellurium complexes 157
8 Organozinc reagentsa 158

a This method allowed the synthesis of complex pyran structures by
addition to 1,2-dihydropyrans.
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reaction between the Csp2-hybridised bromide and n-
butyllithium initiated the reaction. Transmetallation of 134
to give an organo-ytterbium reagent generated species that
underwent selective carbonyl addition to the ketone group
of the keto ester, creating a lactone 135 in good yields159a

(Scheme 41).

The bisallylsilane 137, obtained from allylsilane 136 as
depicted in Scheme 42, was one of the monomers
introduced in an asymmetric polymer synthesis (by
repetitive Sakurai–Hosomi allylation reactions) with differ-
ent dialdehydes.134,135 The radical-induced formation of
some siloles and diazasiloles started with a bromine–
lithium exchange and reaction with iodine to afford a o-
(trialkylsilyl)methyliodobenzene in very good yield.159b

The known carbon–phosphorous bond cleavage in triphe-
nylphosphane oxide mediated by alkyllithiums was applied
to the selective lithiation of the phosphane oxide derivatives
138. The phosphorous–lithium exchange in 138 afforded,
after quenching with deuterated methanol, compound 139 in
moderate yield. The retention or loss of the enantiomeric
purity during the lithiation step was dependent on the
substituents at the 2-position in 138 and 140. The
racemisation was very fast with the diphenylphosphino
group (see compound 141a), while the enantiomeric excess
was retained with its borane complex 141b160 (Scheme 43).

Alkyl substituents bearing a sulfur atom such as in the
compounds 142 and 143 were used in the synthesis of
functionalised heterocycles involving a benzyne intermedi-

ate116 (see Scheme 23) and for the preparation of novel
chelated iron complexes,25 respectively.

2.2. Oxygen-bonded functionalised aryllithium
compounds

Oxygen-bonded functionalised aryllithiums were the sub-
ject of numerous contributions which have appeared in the
literature, the most important impact of these organolithium
compounds being their applications in the preparation of
natural products or synthetic biologically-active molecules.
On the other hand, many organometallic complexes have
been obtained by the reaction of these functionalised
aryllithium reagents, some examples being included in
Table 5.

A domino reaction between (E)-cinnamaldehyde (144) and
o-anisyllithium affording b-substituted dihydrochalcones
147 was studied by NMR spectroscopy. Trapping of the
intermediate 145 with electrophiles, and theoretical calcu-
lations of transition states were consistent with a mechanism
involving an electron transfer from dimeric aryllithium to
the aldehyde 144. This stage, followed by a further attack of
the second aryllithium equivalent to the a-hydrogen in 145,
afforded the intermediate 146162 precursor of the final
product 147 (Scheme 44).

Aryllithiums gave asymmetric nucleophilic substitution on
acetals45 (see Scheme 6) and nucleophilic aromatic
substitution in 2,3-alkylidenedioxybenzoic esters 148. In
this transformation, the asymmetric version was also
assayed, affording biaryls 149 in good chemical yield and
enantioselectivity50 (Scheme 45).

A convenient convergent synthesis of 6-substituted phenan-
thridines was performed by the addition of aryllithiums to

Scheme 42.

Scheme 41.

Scheme 43.
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nitriles, the anionic ring closure taking place in good
chemical yield.163 In Scheme 33 (R¼TBDMS, R1¼OSiPh2-

But, R2¼H) p-anisyllithium was used in the synthesis of
inhibitors of N-riboside hydrolases and transferases upon
addition to cyclic imines.141 Other addition reactions to
multiple bonds exhibited by organolithium compounds were
the Michael-type addition reactions,52,53 which are
described and illustrated in Scheme 9. In addition, this
sequence was applied to the asymmetric synthesis of an
endothelin receptor antagonist, one of its key steps being an
asymmetric conjugated addition, obtaining the optimal
diastereoselectivity for compound 152 using the mixture
chiral aryl bromide 150/BunLi and the N,O-acetal 151164

(Scheme 46).

There are two procedures for the synthesis of aryl iodides
from oxygen-bonded aryllithiums, one of which is the
method already described involving 2,2,2-trifluoro-1-
iodoethane as the electrophile78 (see Scheme 19). The

Table 5. Applications of alkoxyaryllithiums in the synthesis of new organometallic complexes

Entry Aryllithium Final compound Ref.

1 2-MeOC6H4Li Benzenetricarbonylmanganese(I) hexafluorophosphate 17
2 2-MeOC6H4Li Chiral ferrocenes 19
3 2-MeOC6H4Li 1,10-Bis(h5-cyclopentadienyl)-1-zircona-3-phosphaindenes 20
4 2-MeOC6H4Li (Tricarbonyliron)dicarbonyl[ethoxy(aryl)carbene]iron complexes 22
5 2-MeOC6H4Li Chiral platinum complexes 161
6 3-MeOC6H4Li (Tricarbonyliron)dicarbonyl[ethoxy(aryl)carbene]iron complexes 22
7 4-MeOC6H4Li Alkoxycarbenemanganese complexes 21
8 4-MeOC6H4Li (Tricarbonyliron)dicarbonyl[ethoxy(aryl)carbene]iron complexes 22
9 4-MeOC6H4Li Diiron bridging alkoxycarbene complexes 23
10 4-MeOC6H4Li Tricarbonyliron dicarbonyl(arylcarbonyl)iron complexes 24
11 4-MeOC6H4Li Furanyl-coordinated alkoxy(amino)carbeneiron and acyliron complexes 25
12 2,4-(MeO)2C6H3Li 1,10-Bis(h5-cyclopentadienyl)-1-zircona-3-phosphaindenes 20
13 2,5-(MeO)2C6H3Li Zinc-meso-linked porphyrin-quinone diads and triads 71

Scheme 44.

Scheme 45. Scheme 46.
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second preparation employed the organolithium derived
from 153 and the iodolactone 154 as the iodine electrophilic
source, affording iodoarenes, such as compound 155, in
moderate to good yields165 (Scheme 47).

In previous sections, several reactions in which alkoxyar-
yllithiums participated were described, such as the study of
the effect of the silanol substituents in the Heck–Mizoroki
type and cross-coupling reactions,44 the synthesis of benzyl
mercaptan derivatives having only a faint smell43 and the
asymmetric rearrangement of N-Boc-7-azanorbornene
oxide51 (see Scheme 8).

The halogen–lithium exchange of the o-haloaryl triflate 156
quickly generated the aryne 157, which reacted with the co-
existing ketene silyl acetals to give the [2þ2] cycloadduct
158 in high yield. The polarisation of the aryne intermediate
species 157, induced by an adjacent alkoxy group, directed
the regioselectivity of the cycloaddition (Scheme 48). The
subsequent acetal cleavage under acidic conditions gave the
corresponding benzocyclobutenone in high yield.166,167

This compound was transformed into a hindered 1-
arylnaphthalene by ring expansion mediated by another
equivalent of an alkoxyaryllithium.46 Aryne intermediates
were also proposed as fleeting species in a method
developed for the efficient preparation of o-trialkylsilylaryl
triflates from readily available o-bromophenols, naphthols and
phenanthrols. The transformation was extremely simple,
requiring only an aqueous work-up and one purification
step, and being of wide applicability to the synthesis of
precursors of substituted and polycyclic arynes.168

The ortho-directing group properties of the (aryloxy)tetra-
zole functionality and its rapid anionic rearrangement to
provide 5-(hydroxyaryl)-1-phenyl-1H-tetrazoles 160 were
studied with compounds 159, the reaction proceeding,
presumably, through the four-membered intermediate
161169 (Scheme 49).

Alkoxyaryllithiums were employed in the synthesis of
racemic and non-racemic triarylcarbenium ions, as
described previously for the compounds 23 (see Scheme
7), and applied to the allylation of aldehydes48 and the
Mukaiyama aldol reaction.49 Lithiated alkoxynaphthalenes
were selected as precursors of structures ready to undergo
dearomatising annelation from five-membered rings to
naphthalenes, which share structural features of the active
lignan phyllotoxin.170

Alkoxyfluoroarenes show the same chemical behaviour as
their analogous alkylfluoroarenes 46 (see Scheme 14) in the
fluorine–lithium exchange reaction and in further reactions
with electrophiles.63 Nevertheless, higher yields of functio-
nalised thiophenols 164 were obtained in the sulfur–lithium
exchange and the subsequent reaction with electrophiles
when phenoxathiin 162 (Y¼O) was employed as the
starting material (Scheme 50). The aryllithium 163 was
generated by DTBB-catalysed lithiation at 2788C with
lithium metal, some of the resulting compounds 164 being
cyclised to afford the homologous seven-membered diben-
zoheterocycles in high yields.171

The asymmetric synthesis of chiral ligands is a very
important area in organic synthesis, many aryllithiums
being incorporated into the synthetic routes for these
compounds, in order to improve both the enantiomeric
purity and the chemical yield. The 1,2-diaryl-2-aminoetha-
nols were prepared by a diastereoselective addition reaction

Scheme 48.

Scheme 47.

Scheme 49.

Scheme 50.
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of several oxygen-substituted aryllithiums onto the amide
165, derived from (þ)-pseudoephedrine, giving rise to
sensitive a-aminoketone intermediates, which were reduced
in situ to their corresponding aminoalcohols 166172

(Scheme 51).

Chiral phosphane ligands, where the phosphorous atom was
introduced by a previous bromine–lithium exchange, were
tested in asymmetric allylations.122b In a similar way, a
mixed chiral bidentate phosphonite-phosphite ligand was
accessible in three simple steps, starting from o-bromophe-
nol 167 (Scheme 52), and the compound 168 was finally
treated with dry HCl, followed by treatment with (R)-
binaphthol, yielding the new chiral ligand with good
conversion.173

(þ)-Pseudoephedrine could be used as a chiral auxiliary to
form enantiomerically pure phosphane–borane adducts
with different substitution patterns. In this case, 3,4-
dimethoxyphenyllithium transformed stereospecifically the
newly-formed P–O bond into a P–C(sp2) linkage, with
retention of configuration at the phosphorous atom.174 A
facile synthesis of phosphanyl ligands was developed by an
oxygen–lithium exchange in dibenzo- and dinaphthofuran
using an excess of lithium and DTBB in a substoichiometric
amount. The dilithium intermediate 170, generated from
169, reacted chemoselectively with the phosphorous atom at
the C(sp2), rather than with the oxygen atom175 furnishing
the product 171 in moderate yield (Scheme 53). Compara-
tive screening tests of phosphanylnaphthols and phospha-
nylbiphenols in rhodium-catalysed reactions under
homogeneous conditions demonstrated catalytic activity in
hydroformylation reactions.

Diaryliodonium triflates,38 (5S)-aryl-2-pyrrolidone deriva-
tives176 and masked o-benzoquinones177 were obtained by
the intermediacy of an alkoxyaryllithium. In the last
application, a one-pot synthesis of several silyl bicyclic
and oxatricyclic alkenes by inter- and intramolecular Diels–
Alder reactions was described. In addition, 2,3-diaryl-1,1-
difluoro-1,3-butadienes42 (see Scheme 5), 2- and 3-pyridi-
nyl(aryl)methanones,178 rubicenes47 and m-terphenyls such
as 173 were also prepared from the same type of
organolithium intermediates.179 An excess of o-anisyl-
lithium reacted with 1,3-dichlorobenzene (172) at room
temperature, giving an excellent yield of the product 173179

(Scheme 54). Although in classic studies benzynes were
proposed as intermediates, the absence of regioisomers in
this reaction supported the displacement of the chlorine
atom by a conventional addition–elimination mechanism.

Racemic mixtures and enantiomers of (dialkylamino)alk-
ylnaphthalenes 175 were found to be interesting novel
analgesic agents, with potencies similar, or superior, to that
of morphine. The synthesis of the products 175 was based
on a bromine–lithium exchange from the compound 174
and reaction with 4-(dimethylamino)-2-butanone180

(Scheme 55).

Perfluoromonomers, prepared by the halogen– lithium
exchange methodology, were the precursors of polymers
used as versatile coatings or liquid crystalline materials and
other compounds with interesting physical properties.181

Analogously, the synthesis of dumbbell-shaped bis-(pyr-
azolino[60]fulleren)-oligophenylenevinylene derivatives
has received special attention in artificial photosynthesis
and for electronic applications.182

Scheme 52.
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The intramolecular cyclisation employing an aryllithium
generated by halogen–lithium exchange is known as
Parham cyclisation and allows the preparation of many
carbocycles and heterocycles.5b,8b For example, the aryl-
lithium generated by metallation of N-(o-iodobenzyl)pyr-
role 176 underwent intramolecular cyclisation to give the
pyrrolo[1,2-b]isoquinoline 177 in good yield183 (Scheme
56). In addition, functionalised benzodihydrofurans were
synthesised from 2-chloroethyl dibromoaryl or triiodoaryl
ethers in higher chemical yields.184

A domino sequence involving a carbolithiation-g-elimin-
ation of the allyl 2-lithioaryl ether 179 (generated by
bromine–lithium exchange from the compound 178) for the
synthesis of the new chiral cyclopropane derivative 181
(through the intermediate 180) was optimised using (2)-
sparteine as the chiral ligand.185a The racemic version of
this reaction required the presence of TMEDA for achieving
good yields of the cyclopropane 181 (Scheme 57). A similar

Parham reaction with 2-iodophenyl propargyl ethers was
also completed in good yield in the preparation of the very
useful polyfused heterocycles.185b In the absence of
chelating agents, these reactions suffered a domino anion
translocation-Wittig rearrangement affording the corre-
sponding allylic or benzylic alcohol.186 Two other intramo-
lecular reactions already described in this review involving
alkylidene-lithium carbenoids64 and hydrazinocarbonylar-
yllithiums145 gave benzocondensed carbo- or heterocycles,
respectively, in good yields.

The lithium–metal transmetallation reaction from alkox-
yaryllithiums occurred with metals that are more electro-
negative than lithium. Borates and boronic acids were
prepared for the Suzuki–Miyaura couplings in (a) the
synthesis of dendritic iron porphyrins with a tethered axial
ligand used as mimics for heme-monooxygenases,187 (b) for
a study of their thermal properties and their applications as
flame retardants,188 (c) in the synthesis of chiral chromium
complexes of biaryl analogues of actinoidic acid,189 (d) in
the synthesis and properties of a quaternaphthalenehexol
(QUANOL),190 (e) for the creation of hypervalent penta-
coordinated anthracene-boron compounds,191 (f) for the
elaboration of polymer glasses with appended oligophenyl
paddles192 and (g) in the synthesis of oligo(hetero)arylene
building blocks with bi- and terpyridine units.193 The
transmetallation of alkoxyaryllithiums with Me2AlCl was
very useful in the nickel-catalysed 1,4-addition of aryl
groups to enones33 (see Scheme 2). In addition, the transfer
of an aryl group to di-n-butyltin dichloride34 or to vanadium
complexes36 was performed in the generation of biaryls.
The organozinc compounds, prepared by transmetallation,
were applied to the synthesis of complex pyran structures in
good yields.158

Numerous applications of oxygen-functionalised aryl-
lithiums were focussed on the synthesis of natural
products and non-natural biologically-active molecules.
The simple aryllithium, derived from the brominated
starting material 182, which was used in the synthesis of
eucomols, reacted with the chiral aldehydes 183 to give,
after oxidation, the compound 184 in good overall
yield194 (Scheme 58).

The aryllithium 185 was used in the elaboration of
analogues of paclitaxel through the opening of the cyclic
carbonate in structure 186195 to give the compounds 187
(Scheme 59) and in the addition reaction to the aldehyde
188 to give the compound 189, used in the preparation of
mumbaistatin analogues, which are potent glucose-6-
phosphate translocase inhibitors196 (Scheme 59). On the
other hand, silyloxylactones and the reagent 185 were
allowed to react at very low temperatures to form an
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intermediate of a non-natural b-C-nucleoside 50-triphosphate
bearing an aromatic nucleobase with phenolic groups.197

A short asymmetric synthesis of (þ)-xanthorrhizol54 (see
Scheme 10), the addition reactions to estrone benzyl ether58

and to 11-oxo-steroids59 (see Scheme 11), and the
preparation of oxacyclooctenones with herbicidal activity61

were accomplished by the high nucleophilic character of the
organolithiums 190. Grossularines-2198 (with interesting
antitumour properties) and ATP mimics199 (inhibitors of

fibroblast growth factor receptor tyrosine kinase) were
finally obtained through a synthetic route including
nucleophilic addition of the intermediate 190 to the ester
191198 and the chiral epoxide 193,199 furnishing the
products 192 and 194, respectively (Scheme 60). In the
generation of the compounds 194, it was observed that a
higher yield was obtained when the organolithium com-
pound 190 was originated by a tin–lithium exchange rather
than by a bromine–lithium exchange.199

2,4-Disubstituted arenes of the type 195 were successively
employed in the regioselective prenylation of resorcinol
derivatives (like compound 196),200 in the structure revision
of medermycin, lactoquinomycin A and related glycosy-
lated naphthoquinones (through compound 197),201 and in
obtaining of potential precursors to DNA intercalators such
as benzo-substituted phthalazines (with the dialdehyde
198)202 (Scheme 61).

The aryl bromides 199 and 200 underwent halogen–lithium
exchange and the corresponding organolithiums were added
to a 6-methyldihydropyran203 and to a taxoid aliphatic
aldehyde,204 respectively, in good yields. The addition
reaction to dihydropyran followed by a ring opening
afforded a 1,5-dicarbonyl compound that was the precursor
of a-herbertenol, an isocuparane sesquiterpene with
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antifungal activity.203

The aryl bromide 201 reacted with n-butyllithium at2988C to
form the benzophenone derivative 202 that constituted a part
of the structure of balanol, a potent protein kinase C inhibitor
isolated from the fungus Verticillium balanoides (Scheme 62).
The organolithium intermediate reacted intramolecularly with
the ester functionality giving, as result, a migration of the aroyl
group from the oxygen atom to the Csp2 atom.205

The route 203!205 using 204 constituted a part of the
synthesis of the marine sesquiterpene quinone (þ)-puupe-

henone, a promising new antituberculosis agent206 (Scheme
63). In another reaction, the addition of the organolithium
203 to the chiral aryloxirane 206 furnished the product 207
in good yield, which is the immediate precursor of natural
combretastatin, a very interesting agent with antimitotic and
antileukemic activity.207 The lactol 209 was generated by
the addition of the same type of intermediate 203 to the
lactone 208 in good chemical yield during the total synthesis
of (^)-ottelione B (Scheme 63), which exhibited a
remarkable broad-ranging biological activity.208

Bromine–lithium exchange from 4-bromo-1,2-methylene-
dioxybenzene (153), mediated by n-butyllithium, afforded the
corresponding organolithium intermediate that reacted with
the lactone 210 giving the lactol 211 quantitatively209

(Scheme 64). The compound 211 is a common precursor of
alkaloids such as (^)-crinine, (^)-6-epicrinine, (2)-amabi-
line and (2)-augustamine, all of which possess a wide range of
biological activity.209 Nevertheless, when the aryl bromide
153 was lithiated and employed in an aziridine ring-opening
reaction (in the synthesis of narciclasine and several
deoxypancratistatins) the results were very disappointing.210

The synthesis of a selective endothelin A receptor antagonist
(a useful agent for the treatment of hypertension, heart failure
and renal diseases) included an asymmetric conjugate addition
of the aryllithium 212 to the chiral alkene 213 and a
chemoselective addition of the organolithium reagent 216 to
the diester 215, giving the compound 214 and the ketone 217,
respectively, in very good yields211,212 (Scheme 65).

Teicoplanin is a member of the large family of glycopeptide
antibiotics that includes the potent drug vancomycin. The
protected bromoarylglycine derivative 218 was transformed
into its boronic acid via a halogen–lithium–boron exchange
sequence in 80% overall yield, and was then used to
incorporate an arene moiety in the natural product by a
Suzuki–Miyaura reaction.213

Trisubstituted aryllithiums bearing at least one alkoxy group
have been exploited in the synthesis of biologically active
compounds. The addition of the organolithium 219 to
propylene oxide afforded the arene 220, which was used in
the first stages of the synthetic route to the free radical
scavenger (^)-neocarazostatin B214 (R¼Bn) and the potent
neuronal substance (^)-carquinostatin A215 (R¼Me)
(Scheme 66). The chiral isocyanate 221 was the appropriate
electrophile in the construction of the skeleton of the
antitumour alkaloid (þ)-pancratistatin (through compound
222),216 whilst an epimeric compound 221 was suitable in the
synthesis of the antitumour agent (þ)-narciclasin216 (Scheme
66).

The benzofuran parts of the compounds ailanthoidol, XH-14
and obovaten (neolignans with a variety of biological
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activities), were prepared from vanillin, which was
transformed into the bromide 223 in a three-step sequence.

The treatment of 223 with n-butyllithium, followed by the
addition to substituted benzaldehydes, resulted in the
formation of the carbinols 224 in good yields217,218 (Scheme
67). Benzaldehyde, acetaldehyde and formaldehyde were
suitable electrophiles in the addition of a substituted
organolithium compound bearing an acetal moiety during
the synthesis of analgesic 2-benzopyran, isoquinoline and
cinnoline derivatives,219 respectively.

The conversion of the alkoxy-substituted benzyl alcohol 225
to the corresponding phthalide 226 has been performed by
carbonation of its corresponding functionalised organolithium
compound generated via bromine–lithium exchange (Scheme
68), this method being applied as the key step in the synthesis
of different phthalideisoquinoline alkaloids.220

The alkylithium compounds 227 and 228, obtained from the
corresponding bromides, were both employed in the
synthesis of monoterpenic analogues of puupehenone and
puupehedione, showing an antitumour activity four- to ten-
fold higher than that for the natural products.221 When the
compounds 229 were generated in situ in a new synthetic
approach to narciclasine and deoxypancratistatin deriva-
tives, the results were satisfactory in comparison with the
poorer data described previously.210

Scheme 64.
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The bromide 230 was transformed into the corresponding
aldehyde 231 in good yield, as depicted in Scheme 69. This
step belongs to a concise asymmetric synthesis of the
naturally-occurring (S)-(2)-xylopinine, a protoberberine-
type alkaloid with antimicrobial, antileukemic, antitumour
and antiinflammatory activities.222

The addition of the organolithium 233 to the chiral cyclic
lactol 232 to give the compound 234 was one of the key
steps in the formal total synthesis of (þ)-macbecin, a
representative ansamycin antibiotic that exhibited a wide
spectrum of interesting biological activities223 (Scheme 70).

Sterically-hindered 2,4,6-trisubstituted organolithiums were
employed in the synthesis of balanol analogues in very good
yields, this methodology also being applied to the building

of modified benzophenone subunits, similar to the reaction
showed in Scheme 28, and for the generation of sterically-
congested boronic acids.128 A very recent example using
these organometallic compounds with the same objective,
the synthesis of polysubstituted benzophenones, is the
synthesis of (^)-geodin, the spirocoumaranone part of the
compound Sch 202596, an antagonist of the galanin
receptor subtype GalR1.224

The compound 237, a direct precursor of epicatechin-4a,8-
epicatechin, was generated by a diastereoselective addition
of the reagent 236 to the ketone 235 in moderate yield225

(Scheme 71). A similar functionalised organolithium 236
(with R¼2-dioxolanyl) was used in the elaboration of the
alkaloid ancistrocladidine, the key step of the process
involving a bromine–lithium–tin–lead exchange sequence
in very high chemical yield.226

The piperonylamine derivatives 239 are very simple
structures exhibiting strong monoamine oxidase inhibition.
The bromine–lithium exchange strategy from compound
238 was very convenient (compared to the direct deprotona-
tion route), the terminal alkynes being protected with the
trimethylsilyl group227 (Scheme 72). 3,4,5-Trimethoxybro-
mobenzene and the aryl bromide 240 were used in different
stages of the synthesis of the platelet-activating factor
antagonist MK-287 after bromine–lithium exchange fol-
lowed by addition to a lactol and a lactone, respectively.228
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TAK-218, a compound used for the treatment of trauma in
ischemic central nervous system injuries (due to its potent
inhibitory activities on lipid peroxidation and dopamine
release), was prepared by a chemoselective addition of the
organolithium derived from the bromide 241 to the chiral
tosylated oxirane 242 mediated by boron trifluoride etherate
(Scheme 73), the resulting compound 243 being further
treated in basic media to afford a new oxirane.229

The sensitive bromide 244 was lithiated and allowed to react
intramolecularly with the isocyanate moiety to generate the
arylamide 245. The bromine–lithium exchange was faster
than the direct addition of the tert-butyllithium to the

isocyanate group230 (Scheme 74). This intramolecular
version was an alternative synthesis to (þ)-pancratistatin
described in Scheme 66 (219!222), where the intermole-
cular coupling was achieved with a chiral isocyanate.

Fully-substituted aromatic organolithiums were employed
for the preparation of sophisticated benzophenones, which
are key intermediates in the synthesis of new cytotoxic
antibiotics UPA0043 and UPA0044 having a p-quinone-
methide structure,231 as well as in the creation of (^)-
geodin, the spirocoumaranone subunit of Sch 202596. This
last compound, isolated from a fungal fermentation culture,
is a promising agent for the treatment of feeding disorders
involving overeating and obesity.232 As observed, the
bromine–lithium exchange was rather faster than the
analogous chlorine–lithium exchange in 246, the coupling
with the aldehyde 247 taking place in very good yield, in
spite of the steric hindrance of both species, giving the
compound 248232 (Scheme 75).

In the first total synthesis, and the establishment of the
absolute structure, of the novel angiogenesis inhibitors
luminacins C1 and C2, the polysubstituted aromatic moiety
was anchored by an addition reaction of the organolithium
derived from 249 to the chiral aldehyde 250 to afford a
benzylic alcohol ready to be transformed into the corre-
sponding ketone 251233 (Scheme 76).

The polysubstituted alkoxybromonaphthalenes 252 and 253
were both lithiated with n-butyllithium and treated with
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carbon dioxide to yield the corresponding naphthalenecar-
boxylic acids. These two molecules were employed in the
synthesis of naphthoate precursors of damavaricin D234 and of
the nucleus of awamycin,235 respectively. The bromoarene
254 was a crucial intermediate in the synthesis of the
naphthoquinone framework of awamycin by reaction with n-
butyllithium at 21008C followed by treatment with a chiral
unsaturated aldehyde, yielding the expected ketone after
oxidation with the Dess–Martin periodinane.235

The product 256 and its enantiomer were found to be potent
deoxy analogues of the 3C-protease inhibitor thysanone236

(Scheme 77). The organolithium derived from compound
255 was formylated with DMF, the final oxidative
demethylation to quinone 256 being accomplished with
ceric ammonium nitrate (CAN). Another formylation
reaction using ethyl formate instead of DMF was employed
in an intermediate step of the synthesis of lactonamycin,
which possesses antimicrobial activity against both metha-
cilein- and vancomycin-resistant organisms.237

Espicufolin, a novel neuronal cell-protecting substance
having a 1,8-dihydroxyanthraquinone skeleton, was pre-
pared by an intramolecular acyl-transfer reaction of the 2-
halogenonaphthalenes 257 triggered by a chemoselective
bromine–lithium exchange (rather than a chlorine–lithium
exchange) with n-butyllithium,238 similar to the reaction
shown in Scheme 62 for compound 201. The dibenzo acetal
258 underwent a classical bromine – lithium – boron
exchange in order to perform a Suzuki–Miyaura cross-
coupling reaction with a bisheterocyclic triflate.239 – 241

Selective bromine–lithium exchange from the bromide 259
afforded monolithiocavitand intermediates that reacted with
a wide range of electrophiles to furnish several new cavitand
bowl varieties 260242 (Scheme 78). This methodology was
also useful for the simultaneous introduction of two groups
at diametrically-opposed positions of the cavitand bowls.243
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A similar selective bromine–lithium exchange has also
been observed in the bromo-substituted calix[4]arene 261
with either n- or tert-butyllithium in THF244 (Scheme 79).
Other functionalisation or multifunctionalisation of these
molecules, adding the exact amount of the alkyllithium
reagent, was directed to obtaining of calix[4]arenes in the
cone conformation.245

2.3. Nitrogen-bonded functionalised aryllithium
compounds

The incorporation of a nitrogenated-functionalised aryl-
lithium is currently performed by a halogen–lithium
exchange, after the convenient protection or total alkylation
of the nitrogen atom. One of the most widely-used reagents
is 4-(dimethylamino)phenyllithium (263), employed in the
synthesis of water-soluble nickel(II) salen complexes246 and
in the preparation of derivatives such as quinone methides
265 (by reaction with the compound 264), which are potent
antitumour agents247 (Scheme 80). Other examples where

participation of the aryllithium 263 was noticeable are the
transmetallation with dimethylaluminium chloride in
nickel-catalysed processes,33 in the addition reaction to an
11-oxosteroid (see Scheme 11),59 the synthesis of oxabicy-
clo[3.2.1]octen-3-one derivatives with herbicidal activity
(see Scheme 13),61 and the convergent synthesis of 6-
substituted phenanthridines.163

In the preparation of a chemically-powered molecular
motor, a m-(dimethylamino)phenyl unit was introduced by
a sequential bromine–lithium–tin exchange from the
compound 266, previous to the Stille cross-coupling
reaction248 (Scheme 81). This is a clear example of the
utility and advantages of the halogen–lithium exchange
reaction because it is the only way of accessing to
compound 267.

The observed speed of equilibration by halogen–metal
exchange means that the outcome of the monolithiation of a
dibromide is under thermodynamic control, so that when the
brominated substituents are non-identical the result is
always the most stable of the two possible organolithiums,
as illustrated with the dibromides 268. The bromine–
lithium exchange in the compounds 268 generated the 2-
lithioarene species, in which the amino or nitro groups are
able to stabilise the lithium atom by intramolecular
coordination affording the compound 269249 (Scheme 82).
A different N-tert-butyl-o-bromoaniline was treated with
tert-butyllithium and tert-butyl nitrite at 2788C, furnishing
the precursor of a highly water-soluble stable free radical in
95% yield.40

Isatin 271 and substituted isatins could be formed in very
good yields from N0-(2-bromophenyl)-N,N-dimethylurea
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(270) via deprotonation and bromine–lithium exchange,
followed by treatment with carbon monoxide. The pre-
sumed mechanism involved a carbonylation reaction
affording an unstable acyllithium, which cyclised to give
isatin 271250 (Scheme 83).

N,N-Diallyl-o-bromoanilines were used for the synthesis of
indolines and indoles following a sequence consisting of a
bromine–lithium exchange, 5-exo-trig-cyclisation and final
quenching with electrophilic species.251,252 The asymmetric
version of this reaction starting from compound 272 was
studied in the presence of (2)-sparteine (see also Scheme
15), obtaining very good results for the 1-allyl-3-methy-
lindoline 27365 (Scheme 84). When the starting material 272
contained an allenyl group attached to the nitrogen atom, its
cyclisation under the same reaction conditions was applied
to the preparation of chiral polyfused heterocycles.185b In
the treatment of 3-fluoro-N,N-diallylaniline under these
conditions, however, the mechanism was totally different,
due to the formation of an aryne intermediate before the
cyclisation process, with no fluorine–lithium exchange
being observed.253 Other bis(diallylamino)phenyllithiums
were used in the preparation of transition state inhibitors for
N-riboside hydrolases and transferases by the addition to
cyclic imines141 (see Scheme 33).

The dibromide 274 allowed a facile preparation of C2-
symmetric and -asymmetric 2,8-di- and monofunctionalised
analogues of Tröger’s base (275) in good yields. The
method involving a single lithiation was also a simple way
for the desymmetrisation of the skeleton giving, important
synthetic building blocks, which were difficult to synthesise
by other routes254 (Scheme 85).

The sulfur–lithium exchange also occurred in the com-
pound 162 (Y¼NMe, Scheme 50) by a DTBB-catalysed
lithiation at 278 or 2908C, this methodology being useful
to introduce the o-amino functionality into an electrophile.
The 9-borylanthracene 276, generated from the correspond-
ing bromide and n-butyllithium followed by electrophilic
borylation, clearly has an unsymmetrical structure by
coordination of only one dimethylamino group to the
central boron atom, the energy difference between the
symmetrical and unsymmetrical structures being very small,
however, according to 1H NMR measurements.255 The
lithioazobenzenes 277 and 278 were obtained from the
bromo- or iodoazobenzenes and were applied to the
synthesis of new azobenzene derivatives256 and of azoben-
zenes bearing silyl, germyl and stannyl groups at the 2-
position,257 respectively.

2,4-Diacyl analogues 187 of paclitaxel (see Scheme 59)
were obtained by using m-azidophenyllithium in very good
yield.195 This protected amino group was taken as model for
the synthesis of estradiol derivatives,58,258 the organo-
lithium 280 reacting with the protected estrone 279 to yield
the compound 281 (Scheme 86), which serves to prepare the
free amine by catalytic hydrogenation or the corresponding
(4-iodophenyl)estradiol through a Sandmeyer-type reac-
tion.258

The nitroxidebenzoic acid radical was elaborated in a three-
step procedure involving the carbonation of the aryllithium
282, its ferromagnetic properties being evaluated by low
ESR spectroscopy.259a The synthesis of phenylnitroxide-
substituted zinc(II) porphyrins also required the employ-
ment of the same organolithium compound 282 for the
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generation of its boronic acid derivative and a subsequent
Suzuki–Miyaura cross-coupling reaction.259b

2.4. Halogen-bonded aryllithium compounds

Halo-substituted aryllithiums have been explored in the
formation of new transition metal complexes, in studies of
solvation and structural effects on the stability of ate-
complexes, in mechanistic studies, etc. all of which have
been discussed previously and are now summarised in Table
6.

In the reported arene-catalysed lithiation of fluoroarenes63

(see Scheme 14), 1,4-difluorobenzene was treated with a
lithium/naphthalene mixture using a two-fold excess of 3-
pentanone to give a 31% yield of the monosubstitution
product, together with a 37% yield of the defluorinated
monocarbinol resulting from a second fluorine–lithium
exchange followed by proton abstraction.63 4-Fluorophe-
nyllithium was employed in the synthesis of several
products such as molecules with herbicidal activity61 (see
Scheme 13), inhibitors for N-riboside hydrolases and
transferases141 (see Scheme 33), and complex pyran
structures.158 In addition, the fluoronaphthalene derivative
174 (Scheme 55, R¼F) was also utilised in the generation of
the analgesic agents 175.180 o-, m- and p-Chlorophenyl-
lithium (derived from the corresponding aryl bromides)
were employed for the same purpose42,47,61,141,178 and
maintained the same chemoselectivity, due to the faster

bromine–lithium exchange occurring during the prep-
aration of the related aryllithiums.

1,2-Dibromobenzene 283 was selected as a suitable material
in a synthesis of isobenzofuran-1-ol derivatives in modest
yields, presumably due to the formation of a benzyne
intermediate in the presence of n-butyllithium at
21008C.260 In spite of this undesirable side reaction, the
bisphosphane 284 was obtained in 39% yield through a
sequential bromine–lithium exchange, followed by reaction
with the appropriate phosphorous-containing electrophile261

(Scheme 87). This was the first step in the synthesis of chiral
diphosphonites used in the asymmetric rhodium-catalysed
conjugated addition of arylboronic acids. A homocoupling
reaction of the intermediate organolithium at higher
temperatures was described back in the 1950s262 and,
recently, it has been applied to the synthesis of silafluor-
enes.262

Another 1,2-dibromoarene 285 was treated with two
equivalents of n-butyllithium to give the intermediate
benzyne 286, which hardly reacted with furan to yield the
Diels–Alder adduct in 25% yield, or with itself in a
cyclotrimerisation reaction catalysed by Pd(PPh3)4 in the
absence of dienes to afford the triphenylene 287263,264

(Scheme 88). The last compound was also involved in the
formation of a novel arenium ion from its radical cation
after treatment with SbCl5.264

In connection with the former reaction, comprehensive
mechanistic work was carried out to explain the existence of
aryne species as intermediates and to understand how to

Scheme 86.

Table 6. Synthetic utilities of haloaryllithiums

Entry Aryllithium Application Ref.

1 4-FC6H4Li Comparison between diarylferrocenylmethylium ion and its isolobal cobalt
species

29

2 C6F5Li Solvation and structural effects on stability of ate-complexes 11a
3 3-ClC6H4Li Synthesis of diaryldimethyltin compounds 34
4 4-ClC6H4Li Study of rearrangement-displacement of silanes 39
5 4-ClC6H4Li Synthesis of acyliron and iron inner salt complexes 25
6 4-ClC6H4Li Synthesis of diaryldimethyltin compounds 34
7 4-ClC6H4Li Synthesis of diiron bridging alkoxycarbene complexes 23
8 4-ClC6H4Li Synthesis of divinylbenzene-coordinated alkoxycarbene complexes 18
9 4-BrC6H4Li Synthesis and characterisation of aryllithiums 35
10 3,5-Br2C6H3Li Synthesis of platinum-aryl complexes of chiral diphosphanes 161

Scheme 87.
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construct symmetrical and, eventually, unsymmetrical
biaryls. In fact, this aryl–aryl coupling method could be
modified by generating the aryne from a thermally-labile 2-
haloaryllithium species in the presence of a more stable
aryllithium compound. For example, when a solution of the
compound 288 was treated with one equivalent of n-
butyllithium and one equivalent of 1,2-dibromobenzene
283, the product 290 was obtained in 79% yield265 (Scheme
89), possibly involving the intermediate 289.

3-Chlorobromobenzene was the starting material in the
synthesis of piperidine analogues of 1-(3-chlorophenyl)pi-
perazines, which are well-known serotonin ligands. The
corresponding organolithium was treated with 1-methylpi-
peridin-4-one to provide the hydroxy derivatives in very
good yield.266 In macromolecules such as p-phenylene
oligomers, containing perfluorinated segments74 and oligo-
fluorenes,76 dibromoarenes appeared to be valuable starting
materials for their preparation. 1,4- And 1,3-dibromoben-
zenes were employed in the synthesis of hyperbranched
poly(carbosilarylenes) by a bromine–lithium exchange267

and 1,4-dibromobenzene derivatives were used in the
synthesis of transition state inhibitors for N-riboside
hydrolases and transferases141 and for the elaboration of
phenanthroline macrocycles with endo- and exo-topic
binding sites.268 9,10-Dibromoanthracene was sequentially
lithiated and treated with different electrophiles, affording
new anthracenes in very good yields, several of which have

been employed in the synthesis and chemistry of 1H-
cyclobuta[de]anthracenes.269 A similar strategy was applied
to the generation of Tröger’s base derivatives starting from
the compound 274254 (see Scheme 85).

A potent cyclooxygenase inhibitor was prepared by a
Suzuki–Miyaura cross-coupling reaction between a vinyl
bromide and a boronic acid derived from the trihalobenzene
291 through a bromine–lithium–boron exchange.270 This
approach gave slightly higher yields than the reaction of 4-
lithiothioanisole with the same vinyl bromide.

Bromine–lithium exchange in the compounds 292 and 293
generated the corresponding organolithiums, which were
used in the synthesis of the analogues 187 of paclitaxel195

(see Scheme 59). 1,3,5-Tribromobenzene 294 underwent a
mono bromine–lithium exchange yielding an organolithium
that reacted with a perfluoroalkyl ester, affording a useful
ketone for the preparation of perfluoroalkylated
materials.271 The synthesis of non-polar dendrons carrying
protected hydroxyalkyl groups in their periphery was
accomplished by organolithiums derived from 294 and
1,4-dibromobenzene.272

Extensive halogen scrambling and buttressing effects upon
treatment of oligobromoarenes with bases have been
encountered. Here, a proper halogen-lithium exchange did
not occur, but halogen migration took place whenever the
substrate contained three or more contiguous halogen
atoms273 (Scheme 90). Starting from the compound 295,
the structure of the base had a crucial effect in the final
distribution of the products 296–298. The fully-halogenated
pentafluorobromobenzene was used in the preparation of
triarylcarbenium chlorides in the catalysis of the allylation
reaction which has already been described previously.48

2.5. Other heteroatom-bonded functionalised
aryllithium compounds

Silicon-containing aryllithiums are not very common
species in the literature. [4-(tert-Butyldimethylsilyl)]phenyl-
lithium was employed in the characterisation of Lewis
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base-free s-bonded lithium aryls.35 The allylbromophenyl-
silanes 299 and 301 were transformed into the functiona-
lised compounds 300 and 302, respectively, which were
used as silicon-based aromatic-transferring linkers to give
polymers of the type 303 used for traceless solid-phase
synthesis of aryl-, polyaryl- and heteroaryl-containing
compounds274 (Scheme 91).

Bromine–lithium exchange from the triarylphosphane 304
afforded the corresponding lithioarene that reacted with
bis(dimethylamino)chlorophosphane giving 2-(diphenyl-
phosphino)phenylphosphonous acid tetramethyldiamide
305 (Scheme 92). This compound was easily transformed
into enantiomerically-enriched C1-symmetric phosphino-
phosphonite and diphosphane ligands by reaction with
chiral alcohols in good yields.275

2-Thioanisyllithium gave good yields of biaryls in the
oxidative coupling promoted by vanadium complexes36 and
has also been used in a three-step route to benzothiophene
derivatives.276 N,N-Diethyl-p-bromophenylsulfonamide
participated in a synthesis of new diarylmethylpiperazines
with potent and selective non-peptidic d opioid receptor
agonist activity, in a similar process to the reaction shown in
Scheme 35.143

The lithiation of thianthrene (306) with lithium/DTBB
(4 mol%) followed by reaction with carbonyl compounds at
the same temperature furnished the intermediates 307,
which were lithiated with the remaining lithiation mixture
and added to a second carbonyl compound, affording the
diols 308 in good yields277 (Scheme 93). As the conclusion
of this work, thianthrene 306 was a source of the
1,2-benzene dianion synthon, and the intermediates 307
could be hydrolysed to the compounds 164 (Y¼S, Scheme
50) or transformed into the corresponding dibenzohetero-

cycles by treatment of the compounds 308 under acidic
conditions.

Potent cyclooxygenase-specific inhibitors were efficiently
synthesised through compound 311, prepared by using 4-
thioanisyllithium 309 and compound 310 in a Michael-type
addition-b-elimination process.278 In the reaction of the
same organolithium with the chiral amide-alkoxide 312,279

the compound 313 was obtained, giving a very low level
(,1%) of the corresponding over-addition product (Scheme
94). In both synthetic routes, a Suzuki–Miyaura cross-
coupling reaction with the boronic acid derived from 3,5-
difluorobromobenzene (by bromine–lithium exchange) was
carried out.

The bromine–lithium exchange of bromophenyl-ortho-
carborane with n-butyllithium at 08C was demonstrated to
be faster than the direct deprotonation of the acidic C–H
bond of the carborane cage. In this study, a facile proton
exchange between the CH-carborane cluster and the phenyl
anion produced the corresponding lithiated carborane.280

The lithiated ferrocene 315 was achieved in several ways,
one of them being the tin–lithium exchange occurring in
compound 314.281 Another method consisted of a tell-
urium–lithium exchange from the compound 316282 and the
third route was a sulfur– lithium exchange from the
sulfoxide 317283 (Scheme 95). Perhaps the most important
application of the last transformation was the straightfor-
ward asymmetric synthesis of enantiomerically enriched
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1,2-disubstituted ferrocenes 320 based on the previous
synthesis of the chiral sulfoxides 318 as chiral auxiliaries
followed by substitution of the sulfenyl group in the
compounds 319. Depending on the nature of the electro-
phile, bis(phosphanyl)ferrocenes284 and other functiona-
lised ferrocenes 320 were obtained in good yields285

(Scheme 96).

Arene–chromium286 and –osmium(II)287 complexes were
functionalised using a bromine–lithium exchange reaction

with n-butyllithium as the lithium source in good yields. In
the first example, axially-chiral N,N-diethyl-2,6-disubsti-
tuted benzamides were prepared steroselectively as an
optically active form.286

3. Heteroaryllithium compounds

In this review, phenyllithium chemistry has not been
covered as it does not contain any functionality. A
heteroatom included in the aromatic ring was itself
considered as a functionality, however, which directs the
chemical behaviour of the whole heterocycle. For this
reason, simple aromatic heterocycles will be considered in
the next section.
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3.1. Five-membered heterocycles

3.1.1. One heteroatom nitrogenated heterocycles. The
first known lithiated 1-azafulvene derivative 321 was
generated by a bromine–lithium exchange from the
corresponding bromide with tert-butyllithium. The organo-
lithium 321 was a useful formal equivalent of 5-lithiopyr-
role-2-carboxaldehyde since, after reaction with
electrophilic reagents and subsequent hydrolysis, a wide
variety of regiochemically-pure 5-substituted pyrrole-2-
carboxaldehydes were formed.288 Analogously, N-(triiso-
propylsilyl)-3-lithiopyrrole was generated with the same
organolithium reagent at 2788C with the aim of preparing
nitrodienylpyrroles by a condensation reaction with a
nitrodienamine.289

N-Boc-2,5-dibromopyrrole 322 was employed for the
synthesis and characterisation of the pyrrole-sulfur oligo-
mers and polymers 323 and their corresponding sulfoxides
and sulfones by oxidation with m-chloroperbenzoic acid290

(Scheme 97). In the total synthesis of the antitumour marine
sponge alkaloid agelastatin A, the pyrrole ring A was
introduced by condensation of the acyl chloride derived
from the carboxylate 324 and a secondary amine. The
compound 324 was prepared from the starting material 322
by a sequential bromine–lithium exchange as shown in
Scheme 97.291

The N-protected tribromopyrrole 325 was treated with
1 equiv. of phenyllithium, giving the new stabilised 2-
lithiopyrrole in a regiochemical manner (Scheme 98). The
ester 326 (prepared by the reaction of the aforementioned
intermediate with methyl chloroformate) was very useful in

the convergent synthesis of several pyrrolic marine natural
products, such as lamellarin O, lamellarin Q and lukianol A,
and some more oxygenated congeners.292

The 3-substituted 2-bromoindole 327 underwent halogen–
lithium exchange with tert-butyllithium and the resulting
anion reacted with several heterocycle-3-carboxaldehydes
for the synthesis of heterobicyclo[b]-fused carbazoles.293

The synthetic application of the 1,2-dianion derived from 2-
iodoindole 328 (R¼H) by the addition of two equivalent of
n-butyllithium at 2708C was studied. This dianion reacted
predictably with an electrophile at the 2-position, but its
treatment with very reactive electrophiles such as methyl
iodide resulted in the formation of 1,2-dimethylated species,
even when the electrophile was not used in excess.294 The
N-protected compounds derived from 328 (R¼Me, allyl,
Bn, SO2Ph) were precursors of 2-indolylboronic acids
employed in the synthesis of indolocarbazoles, the final
annulation being promoted by palladium295 or chromium-
carbene complexes.296

3-Bromoindole 329 is an attractive molecule because it is an
immediate precursor of antifungal indole alkaloids. The
reaction of the resulting 3-lithioindole with methyl chlor-
oformate afforded the N-reverse prenylated alkaloid 330 in
good yield297,298 (Scheme 99), which, by Sharpless
asymmetric dihydroxylation, furnished another natural
antifungal metabolite.297,298 The organostannane 331
(easily prepared from the bromoindole 329) participated in
the Stille cross-coupling key step in the total synthesis of
demethylasterriquinones A1 and B1, two bis-indolylqui-
nones isolated from Aspergillus terreus with a wide range of
medicinal activities.299
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Grossularine-1 (333), an antitumour agent with a pyr-
ido[2,3-b]indole structure, was obtained directly by the
reaction of N-(triisopropylsilyl)-3-lithioindole and the fused
heterocycle 191 (R1¼CH2CH2SiMe3) (see Scheme 60) in
63% yield, after removing the silyl protecting group198

(Scheme 100). The bromide 332 was also transformed into
its corresponding boronic acid by a bromine–lithium–
boron exchange and was allowed to react with vinyl
bromides, obtaining b-(2R,3S)-methyltriptophans in very
good yields.300

Another N-silyl-protected 3-bromoindole 334301 has been
used in the synthesis of 3-[1-(aryl)aminomethyl]indoles.
The corresponding organolithium (generated by reaction
with tert-butyllithium) reacted with N-tosyl aldimines
specifically at the 3-position, in spite of the directing ability
of the tert-butyldimethylsilyl protecting group.302 The
generation of 4-, 5- and 6-methoxy-substituted 3-lithioin-
doles from the compounds 335 was applied to the
preparation of 4-, 5- and 6-methoxy-3-substituted indoles
in very good yields. On the other hand, 3-indolylzinc
halides, prepared by lithium–zinc transmetallation, were
employed as components in the Negishi cross-coupling
reaction with halopyridines.303 In particular, the corre-
sponding 6-methoxy-substituted organolithium was used in
the synthesis of topsentin, a marine alkaloid with antiviral
and antitumour activities.304

The N-phenylsulfonyl-3-bromoindole (336) was allowed to
react with tert-butyllithium at 21008C, and was then
transformed into the boronic acid by reaction with trimethyl
borate. This compound underwent a Suzuki–Miyaura cross-
coupling reaction with 1-chloroisoquinoline to afford the
racemic atropoisomer 337 (Scheme 101), which was

phosphinylated at the 2-position of the indole ring, resolved,
and used successfully as a ligand in palladium-catalysed
asymmetric allylation reactions.305

The treatment of 2,3-dibromo-1-methylindole (338) with
tert-butyllithium produced a clean monolithiation to give 3-
bromo-2-lithioindole, that could be trapped with various
electrophiles to afford the corresponding 3-bromo-2-sub-
stituted indoles 339. A second bromine–lithium exchange
and quenching with a second electrophile under the same
reaction conditions produced the 2,3-disubstituted indoles
340 in very good yields306 (Scheme 102).

Indole arylation directed towards the synthesis of simplified
Eastern subunits of chloropeptin and kistamycin was
performed starting from 5-, 6- or 7-bromoindoles, which
were transformed into the boronic acids through the
corresponding organolithium intermediates. Other arylboro-
nic acids were also prepared in order to perform the opposite
approach involving bromoindoles in the Suzuki–Miyaura
cross-coupling reaction.307

3.1.2. One heteroatom oxygenated heterocycles. Quanti-
tative thermodynamic stability scales of organolithium
compounds could be derived from measurements of the
tin–lithium exchange equilibrium. In this study, 2-lithio-
furan and 2-lithiobenzofuran were employed in the NMR
experiments, showing that the charge was highly deloca-
lised. The stability data from the tin–lithium exchange
could easily be converted into ‘effective pK’ data, which
were useful for predicting the acid–base behaviour of this
type of organolithium species.308

The total synthesis of eleuthesides incorporated the dihydro-
furan unit using 2,5-dibromofuran, which was monolithiated
by using n-butyllithium (to give the intermediate 342) and
allowed to react with the chiral aldehyde 341 with an excellent
diastereoselectivity309 to give the compound 343 in good yield
(Scheme 103), the critical step being a remarkable Nozaki–
Kishi reaction dealing with the remaining bromofuran.

The aldehydes 344,310 345311 and 346312,313 and the ketone
347314 reacted with 3-furyllithium (348) (Scheme 104),
obtained by a bromine–lithium exchange from 3-bromo-
furan promoted by an alkyllithium, to give the expected
alcohols. The reaction between 3-furyllithium and the
compound 344 took place in very good yield (85%) and
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good diastereoselectivity (9.6:1), the resulting product being
an intermediate in the synthesis of degraded limonoids [e.g.
(^)-fraxinellonone, (^)-fraxinellone and (^)-isofraxinel-
lone] considered as prototypes for insecticides.310 The
compound 345 reacted at the most reactive aldehyde group,
rather than at the conjugated lactone moiety, affording a 1:1
diastereomeric mixture of alcohols in 68% overall yield, one
of them being transformed, after acylation with acetic
anhydride in pyridine, to tanabalin, which exhibited potent
insect antifeedant activity against the pink bollworm, a severe
cotton pest.311 An identical diastereoselectivity was reported
for the reaction of 3-furyllithium with the aldehyde 346 albeit
with very different chemical yield. This low diastereoselec-
tivity was not a drawback in the synthesis of (þ)-coronarin E,
because the last step required ab-elimination of water,312 or in
the synthesis of the terpene (þ)-acuminolide, owing to the
epimeric position generated by the related addition (91%
yield) being further transformed into a carbonyl group.313

The chiral building blocks 349 and 350, prepared from the
chiral ketone 347 and 3-lithiofuran, were needed in the
synthesis of the natural marine products plakortones, the
absolute configuration of which is yet unknown. A change
of solvents successfully controlled drastically the diaster-
eomeric ratio of 349 and 350, as depicted in Scheme 104.314

Enantiopure TpMo(CO)2(pyridinyl) complexes were pre-
pared using an efficient and scalable enzymatic kinetic
resolution. The complex 351 could function as a chiral
scaffold for the enantiocontrolled synthesis of substituted
dihydropyridines 352 through the formation of a cyclic
imine, followed by the addition of 3-furyllithium 348315

(Scheme 105).

One of the most significant challenges presented by
complex C-arylglycoside antibiotics (e.g. kidamycin) lies
in the design and development of a unified strategy for the
synthesis of the major subgroups. 3-Lithiofuran 348 (or 355)

was employed in the reaction with the lactone 353 for the
assembly of a furan ring in the compound 354, that was
needed later for the elaboration of a naphthyl fragment after
an intramolecular Diels–Alder cycloaddition reaction316

(Scheme 106).

New 2,3-dithiosubstituted furans, synthesised by a bro-
mine–lithium exchange followed by reaction with diaryl
sulfides, were submitted to a sensitised photooxygenation to
access phenyl thiomaleates.317 The pinguisane-type sesqui-
terpene (^)-7-O-methyldehydropinguisenol bears a furan
ring, which was introduced by an addition of 3-bromo-2-
lithiofuran (generated by direct deprotonation) to a chiral
ester, giving the corresponding ketone. The 3-bromofuran
derivative 356 (obtained from the previously mentioned
ketone by successive reduction and methylation reactions)
was formylated at the 3-position in good yield (Scheme 107)
to give the compound 357, which was ready to undergo two
more transformations before the final palladium-catalysed
cycloisomerisation.318
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The bromides 358 (an intermediate in the synthesis of the
decaline part of the insecticide azadirachtin),319 359 and 360
were transformed using a bromine– lithium exchange
followed by reaction with electrophiles and employed for
the synthesis of polysubstituted 3-thiofurans320 and biheter-
oaryls.34

2-Benzofuryllithium was generated and transformed either
to the corresponding organozinc compound and finally
added to 1,2-dihydropyrans for the assembly of complex
pyran structures,158 or transformed into the corresponding
boronic acid ready to undergo a Suzuki–Miyaura cross-
coupling reaction in the creation of monoaryl- and
biaryldihydroxytropolones, potent inhibitors of inositol
monophosphatase.321 Moreover, the boronic acid derived
from the bromide 361 was utilised in a Suzuki–Miyaura
cross-coupling reaction to give the compound 362 in good
overall yield (Scheme 108), this compound being a direct
precursor of furostifoline, a furo[3,2-a]carbazole alkaloid
with a promising pharmacological potential.322

3.1.3. One heteroatom sulfurated heterocycles. The
stereoselective addition of organozinc reagents derived
from 2-lithiothiophene to 1,2-dihydropyrans for the assem-
bly of complex pyran structures has already been mentioned
in previous sections,158 as well as in the synthesis
diaryliodonium triflates.38 Trisubstituted 2-bromothio-
phenes were employed to generate 2-lithiothiophenes that
reacted either with DMF or formaldehyde, affording 2-
formyl- or 2-hydroxymethylthiophene derivatives, respect-
ively, in good yields.323 The compounds 363 were
promising new models for trans-membrane molecular
conductors prepared by using bromine–lithium exchange,
direct deprotonations and cross-coupling reactions mediated
by palladium complexes.324

The bithiophene 365 was formed by the reaction of the in
situ-generated 3-thienyllithium with dichlorodimethyltin
followed by the Csp2–Csp2 coupling with Cu(NO3)2·H2O
in THF34 (Scheme 109), the same process also being
described for the corresponding 2-isomer. Both compounds
364 and its 2-isomer were also used in the synthesis of
dihydroxytropolones (see Section 3.1.2).321

Elemental sulfur was used as an electrophile in the
preparation of the intermediate 366, able to create
quaterthiophene-C60 diads (Scheme 110)325 that usually
exhibit interesting photophysical properties. The substrate
364 was also transformed into its nitrated derivative by the
generation of the corresponding organolithium and reaction
with dinitrogen tetroxide.50

3-Thiopheneboronic acid, and more complex derivatives,
were coupled with 2-bromopyridine in very good yield,
affording the pyridine-substituted hydroxythiophenes,
which are very interesting new materials with multiple
applications.326 A potent and selective small-molecule
inhibitor of capsase-3 (cysteinyl aspartate-specific protease,
which plays key roles in cytokine maturation and pro-
grammed cell death) incorporates a thiophene ring linker in
the centre of the molecule. For its synthesis, the hetero-
cycles 367 and 368 suffered bromine–lithium exchange (n-
butyllithium, 2788C), followed by reaction with 1-formyl-
piperidine and ethyl chloroformate, respectively, in good
yields.327

Dopamine D1-selective agonists with the structure of
hexahydrobenzo[f]thieno[c]quinolines were similarly pre-
pared, one of the key steps involving the Michael-type
addition of the lithiothiophene derived from the bromothio-
phene 369 to the nitroolefin 370, affording the trans-isomer
371 as the major compound in good yield328 (Scheme 111).
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Lithiated thiophenes were also employed in the preparation
of polymers entwined around copper centres329 and
polymers used as photochromic films.330 In the last
example, a boronic acid derived from a 2,4-dibromothio-
phene was the appropriate component in a Suzuki–Miyaura
cross-coupling reaction, as well as in a double addition to
perfluorocyclopentene, followed by a b-elimination of
lithium fluoride, taking place in low chemical yield.330

Starting from the 2,3-, 3,4- and 2,5-dibromothiophenes
(372), the azidothiophenes were prepared in a one-pot
procedure. Single halogen–lithium exchange and sub-
sequent reaction of the generated bromothienyllithium
with N,N-dimethylacetamide or N,N0-diethyltrifluoroaceta-
mide resulted in the formation of intermediate heterocycles
bearing a carbonyl group. After protection of the carbonyl
fuctionality, a successive halogen–lithium exchange, fol-
lowed by reaction with tosyl azide, then afforded the
products 373 in moderate yields331 (Scheme 112).

3.1.4. Heterocycles containing two or more heteroatoms.
A protocol for the introduction of electrophiles at the 4-
position of 1-hydroxypyrazoles was developed. Treatment
of the pyrazole 374 with an excess of n-butyllithium
produced the expected bromine–lithium exchange giving a
lithium intermediate, which, by reaction with electrophiles,
afforded the 4-substituted pyrazoles 375 in good to excellent
yields332 (Scheme 113).

A novel strategy for the enantioselective synthesis of
polyhydroxypiperidines, which could be considered as
iminoglycitols or 2,6-dideoxyazasugars, started from a-
benzenesulfonylamino esters, which served as a C2N
building block, while the 2-bromo-3-(bromomethyl)oxa-
zoles and thiazoles contributed at a C3-unit to the final
piperidine ring. The oxazoles 376 were treated with n-
butyllithium at 21008C to give the 5,6-dihydro[1,3]oxa-
zolo[4,5-c]pyridin-7(4H)-ones 377 in good yields via an
intramolecular addition of the generated organolithium onto
the ester group333 (Scheme 114).

The synthesis of isomeric bithiazoles by regioselective
Stille and Negishi cross-coupling reactions was readily
available from 2,4-dibromothiazole. The final compounds
represent a very important class of natural products, which
exhibit an intriguing and diversified spectrum of biological
activities334

As described above for lithiothiophenes, several thiazoles
378 were lithiated and treated with perfluorocyclopentene,
giving, after addition and b-elimination reactions, the
thiazolylcyclopentenes 379 in good yields (Scheme 115).
All of these final compounds 379 underwent a reversible
photocyclisation reaction from the open- to the closed-ring
structures.335

3.2. Six-membered heterocycles

3.2.1. One heteroatom nitrogenated heterocycles. The
naphthalene-catalysed reductive lithiation of the 2-, 3- and
4-chloropyridines 380 in the presence of different electro-
philes, such as the ketone 381, yielded, after hydrolysis, the
expected functionalised heterocycles, e.g. compound 382
(Scheme 116). In some particular examples, cerium
trichloride was required for achieving better chemical
results.336
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2-Bromo- or 2-chloropyridines underwent halogen–lithium
exchange and the corresponding organolithium was used in
different reactions, such as in the synthesis of 5-substituted
2,20-bipyridines by a modified Negishi cross-coupling
reaction,337 in lithium–boron and lithium–tin exchanges
involved in Suzuki–Miyaura and Stille cross coupling
reactions,338 in the preparation of 2,20-bypyridyl diselenides
and ditellurides,339 and in the synthesis of other functiona-
lised pyridines.340 In the last case, 2- and 3-iodopyridines
were used under Barbier-type conditions, with ultrasonic
irradiation, affording good results for the new pyridines,
even in the presence of ring substituents such as methyl-
sulfanyl, methoxy or chloro groups.340 2-Iodopyridine 383
suffered iodine–lithium exchange and the resulting orga-
nolithium compound was diastereoselectively added to the
ribofuranose derivative 384, affording the compound 385, a
precursor of b-C-deoxynucleosides having a pyridine
nucleus as the base moiety341 (Scheme 117).

Alkoxy-substituted 2-iodopyridines were useful precursors
in the synthesis of orelline and analogous toxins present in
poisonous mushrooms. The 2,20-bipyridine structure of the
related natural products was accessed by iodine–lithium–
zinc or iodine–lithium–tin exchange, followed by palla-
dium-mediated cross-coupling reactions, in good overall
yields.342 The intramolecular reaction of the alkoxy-2-
iodopyridine 386 with 3.3 equivalents of n-butyllithium
gave access to the 3-vinylfuro[3,2-b]pyridine 387 through a
5-exo-dig heterocyclisation in modest yield, but with total
E-selectivity (Scheme 118). This 3-vinyl heterocycle 387 is
a very useful building block, particularly for alkaloid
synthesis, because its dienic moiety could be engaged in
Diels–Alder cycloaddition reactions.185b

Pyridyltellurium derivatives were prepared by the reaction

of halopyridines and lithium butanetellurolate, the tell-
urium–metal exchange being investigated using n-butyl-
lithium to give 2-substituted pyridines after addition to
different electrophiles.343

The selective monolithiation of 2,5-dibromopyridine either
at the 2-position or at the 5-position has been reported. The
inaccessible 2-lithio-5-bromopyridine was generated (up to
34:1 selectivity ratio) via a monolithiation reaction using n-
butyllithium (1.2 equiv) in toluene at 2788C in a 0.017 M
solution and trapped with several electrophiles.344 In a
recent publication, 6-halopyridine-3-boronic acids and
esters were prepared by using n-butyllithium in ether and
2,5-dibromopyridine or other dihalopyridines.345 These two
transformations demonstrated the versatility of the dihalo-
genated substrates and the importance of factors such as
concentration, solvent and temperature. More sophisticated
2,5-dibromopyridines, bearing two amino-protected groups,
were transformed into their tri-n-butyltin derivatives, which
were employed in the synthesis of polypyridines for a study
of their optoelectronic properties.346

2,6-Dibromopyridine (388) was selected in many cases as
the starting material in several total syntheses, including the
preparation of ceramide analogues bearing a heteroaromatic
nucleus60 (see Scheme 12), the elaboration of serotonin
ligands,266 the preparation of L-739,010 (a 5-lipooxygenase
inhibitor)346 and the synthesis of b-pyridyl-b-amino acid
derivatives.347 In the latter example, the compound 389,
obtained from the corresponding pyridinecarboxaldehyde
(Scheme 119), was further treated with chiral amides to
produce enantiomerically-enriched b-amino acid deriva-
tives in good yields.347 The sequential double bromine–
lithium exchange and functional group transformations
were exploited from 388 in the synthesis of a precursor of L-
739,010 391, where the second organolithium compound
was diastereoselectively added to the cyclic ketone 390348

(Scheme 119).

3-Bromopyridine 393 was the starting material for the
generation of 3-lithiopyridine, which was used in different
reactions such as the synthesis of inhibitors of N-riboside
hydrolases and transferases141 (see Scheme 33), in the
preparation of 3-pyridinyl(aryl)methanones,178 the syn-
thesis of vitamin D analogues,119 the development of
synthetic routes to achieve 3-functionalised pyridines336,340,349

(see Scheme 116), and in the preparation of nitrogen-
containing bis(heteroaryl)iodonium salts.350 In a complex
study on the structure–affinity relationships of the unique
nicotinic ligand N 1,N 1-dimethyl-N 4-phenylpiperazinium
iodide, it was possible to identify molecules such as the
compound 394 (prepared from the compound 392 and the in
situ-generated 3-lithiopyridine) with interesting affinities
for a4b2 receptors351 (Scheme 120).

Scheme 116.

Scheme 117.

Scheme 118.
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The lithium–zinc,352 lithium–boron349,353 and lithium–
tin354 transmetallations from 3-lithiopyridine were applied
to palladium-catalysed cross-coupling reactions, obtaining
mainly the 3-arylpyridines,352 3-substituted pyridines352,349

and azacorannulenes and other heteroaromatic com-
pounds.355 The bromides 395 and 396 were both success-
fully treated with n-butyllithium at 2788C and DMF to
afford the corresponding pyridinecarboxaldehydes in good
yields. These compounds were the precursors of hexahy-
dropyrrolo[3,2-f]pyrindine, an annulated nicotine ana-
logue,354 and toddaquinoline, a constituent of many Asian
folk medicines,356 respectively. In the last example, an
intramolecular cyclisation of a lithioarene served to form
the basic skeleton of the alkaloid.356

A set of dihalopyridines were selectively lithiated and
transformed into the corresponding boronic acids and esters,
this work again demonstrating that iodine – lithium
exchange is faster than the analogous bromine–lithium
exchange, and that iodides and bromides are more reactive
than chlorides and fluorides. Finally, for 2,3-dibromopyr-
idine, it was possible to isolate the corresponding 3-
pyridylboronic acid in good yields.357 As a consequence
of this survey, 2-chloro-5-iodopyridine (398) was used in
one of the last steps in the synthesis of the potent analgesic
epibatidine (Scheme 121). The generated 5-lithiopyridine
derivative reacted with the electrophilic alkene 397 to give
the Michael-type adduct 399 in similar yields independently
of the electron-withdrawing groups anchored to the
molecule (phenylsulfonyl358 or ethoxycarbonyl359groups).

The pyridine 400 was converted into its organolithium
derivative and reacted with perbenzylated ribonolactone

during the total synthesis of 1-deazacytidine, a C-nucleoside
analogue of cytidine.360 The organolithium derived from
compound 401 reacted with a conjugated aldehyde to give
the carbon skeleton of piridovericin, a protein tyrosine
kinase inhibitor.361

4-Pyridyllithium was nitrated by reaction with dinitrogen
tetroxide50 and was used to obtain bis(heteroaryl)iodonium
salts.350 Perhaps, the main application of this organolithium
compound is the lithium–boron exchange, furnishing a
wide variety of 4-pyridylboronic acids and esters,362,363 one
of them being a segment of the compound GR-55562, which
could act as a partial agonist and neutral 5-HT1B antagonist
by chemical modulation.364 The functionalised 4-iodopyr-
idine 402 (similar to 82) was lithiated with methyllithium,
whereupon an intramolecular 1,2-addition occurred, afford-
ing a camptothecin precursor in 57% yield (see Scheme 27).
The condensed 1,3-dioxane 403 was prepared for the same
purpose, but, in this case, n-butyllithium was the lithium
source, the electrophile being a chiral ester derived from
trans-2-(a-cumyl)cyclohexyl alcohol.365 The organolithium
derived from the fluoroiodopyridine 404 was used as
building block in the synthesis of the mappicine ketone
and (^)-mappicine, which possesses potent activity against
herpes-viruses and human citomegalovirus.366

Scheme 119.

Scheme 120.

Scheme 121.
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2-Functionalised quinolines were obtained upon treatment
of the compounds 405 with lithium metal and substoichio-
metric amounts of naphthalene as the electron carrier,
followed by reaction with electrophiles336 (see Scheme
116). On the other hand, the compounds 406–408 were
employed in the synthesis of bis(heteroaryl)iodonium salts
after bromine–lithium exchange.350

The highly regioselective bromine–lithium exchange in
5,7-dibromo-8-hydroxyquinoline (409) took place after
deprotonation of the phenolic proton and reaction with n-
butyllithium. The resulting carbanion reacted with several
electrophiles in good yields to give the 5-functionalised-7-
bromo-8-hydroxyquinolines 410367 (Scheme 122). Another
selective functionalisation, more sophisticated than that
reported previously, occurred in electron-deficient hetero-
aromatic rings using bromine–tellurium–lithium exchange
from 2-bromoquinolines and 1-bromoisoquinolines.368

3.2.2. Heterocycles containing two or more heteroatoms.
The pyridazines 411 and cinnoline 413 underwent a
Barbier-type reaction with lithium metal under sonication,
giving a very rapid and smooth functionalisation of these
heterocycles obtaining compounds 412 and 414, respect-
ively340 (Scheme 123). Analogously, substituted pyrimi-
dines also reacted under the reaction conditions shown in
Scheme 116336 and Scheme 123.340

5-Lithiopyrimidines were generated by bromine–lithium
exchange (e.g. from the compound 416) and used in the

synthesis of monoaryl- and bisaryldihydroxytropolones,321

as well as in the preparation of C-aza-2-deoxy-L-lyxonu-
cleoside 417 by direct addition to the D-erythropentofur-
anose derivative 415 in moderate yield369 (Scheme 124).
The pyrimidine 416 was also used in the synthesis of various
5-(bromoaryl)-substituted and 5-(30-aryl)uracils370,371 in
good to excellent yields, after a bromine–lithium–boron
exchange and a final Suzuki–Miyaura cross-coupling
reaction.

Benzocondensed pyrimidines such as the compounds 418
and 419 were suitable starting materials for the regioselec-
tive chlorine–tellurium–lithium exchange, their further
functionalisation furnishing quinazolines in moderate
yields.368

The pyrazines 420 and 421 were regioselectively trans-
formed into their organolithium derivatives following the
reaction conditions described in Scheme 116336 and
Scheme 123,340 respectively, allowing the preparation of
functionalised pyrazines in good yields.

Scheme 122.

Scheme 123.

Scheme 124.
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The quinoxaline 422 and pyrazolo[3,4-d]pyrimidines 423
and 424 were transformed into the corresponding organo-
lithium intermediates by a chlorine–tellurium–lithium
exchange in moderate yields.368

A not-so-regiospecific metallation occurred in the 3-
bromoimidazo[1,2-a]pyrazine 425, where two different
species 426 and 427 were detected, in proportions depend-
ing on the nature of the electrophile. The products 426 were
the major components in the final mixture, except when
propanal and deuterium chloride were used as the electro-
philes, in which case the molecules 427 were the most
abundant species372 (Scheme 125).

The n-butyllithium-mediated halogen–metal exchange from
the imidazo[1,2-a]quinoxaline 428, followed by quenching
with electrophiles, was studied. The reaction conditions were
optimised and various C-1-substituted imidazo[1,2-a]quinox-
alines were obtained in high yields.373 Finally, just one
example of the triazine 429 has been reported where the
chlorine–lithium exchange was carried out using lithium
metal/naphthalene (4 mol%) and the reaction with electro-
philes achieved new triazines in modest to good yields.336

4. Conclusion

In spite of the known low chemoselectivity of lithium
compounds, very reactive aromatic and heteroaromatic
organolithiums have not a limited scope. They are easily
prepared, the regioselectivity being very high when the
halogen–lithium exchange was produced. All of these
advantages, together with the fast transmetallation or
exchange with other non-metallic species, provide a new
synthetic tool for the generation of components in cross-
coupling reactions catalysed by transition metal complexes.
Many natural product syntheses incorporate an aryllithium
as an intermediate step in their course, involving a wide
range of Csp2–Csp2, Csp2–Csp3 and Csp2–Csp bonds with
high efficiency and good yields.
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