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Abstract

Directed lithiation of substituted aromatics andehecycles containing a directing metalating
group with alkyllithium in anhydrous tetrahydrofaraor diethyl ether at low temperature
provides the corresponding lithium intermediatesa®ion of the lithium reagents obtainied

situ with various electrophiles gives the correspondinigstituted derivatives in high yields. The
process has been applied for various derivativeshas proven to be a convenient method for
modification of ring systems. This brief review hiights the importance of directing metalating
groups in directed lithiation of simple aromatiargmounds and some common heterocycles as a
tool for regioselective substitution.

Keywords: Lithium reagents, directed lithiation, lithiumtémmediates, electrophiles, substituted
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1. Introduction

Electrophilic aromatic substitution reactions ammmonly used for the synthesis of various
types of valuable chemicals. However, industry sften relies on technologies developed many
years ago for the production of such chemicals.s€quently, many current industrial processes
suffer serious disadvantages, including the uskarge quantities of mineral or Lewis acids as
activators, which could generate large quantitie®xic and corrosive waste by-products during
the work-up. They also frequently involve use dfictiometric quantities of toxic reagents
and/or produce mixtures of regioisomers that regséparation®

Recently, many efforts have been made to develegnelr and environmentally friendlier
processes for the production of single isomeriadpots. Solids such as zeolites can play an
important role in the development of greener orgayntheses for the production péra-
isomers through their abilities to act as hetereges catalyst§™® While zeolites offer routes to
para-substituted productgsia shape selectivity, organolithiums play an impadrtesie for the
clean production obrtho-products. Various substituted aromatics and heyetes undergo
lithiation ortho to a directing metalating group to produce useftdrmediates for the synthesis
of ortho-disubstituted derivative's:**

Synthesis of isomerically putho-disubstituted aromatics is a significant goal ynthetic
chemistry, but simple aromatic electrophilic suiositbn reactions often produce mixtures of
isomers* ortho-Lithiation followed by reaction with an electropis one of the most efficient
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alternatives. Directed transition metal catalyze#i Gond activation and functionalization is an
alternative approach tartho-substituted systenis:*’

The reactions of substituted aromatics with lithiweagents usually take place at low
temperatures, in practice at =48 in the presence of anhydrous solvent. Diethyere(itO) is
easily dried, has an appropriate boiling point arldw enough freezing point and therefore it is
one of the most commonly used solvents for litbiatreactions® Moreover, most lithium
reagents are soluble in diethyl ether and do reztve the ether too rapidly. Also, tetrahydrofuran
(THF) is widely used as an alternative to diethjilee when a more strongly Lewisasic solvent
is required'®

Directedortho-lithiation of an aromatic compouridinvolves removal of a proton from a site
ortho to a directing metalating group (DMG) that incaigtes a heteroatom, usually oxygen,
nitrogen or sulfur. The base, normally an alkyilith, leads to the production oftho-lithiated
species3 via initial coordination of the lithium species to tB&MG (2, Scheme 1). Reaction 8f
with electrophiles produces the correspondinipo-disubstituted product.*®** It appears that
the complexation between the DMG and the lithiuagent prior to lithiation serves to bring the
lithium reagent into closer proximity with thertho proton, which is then selectively
removed®*®

DMG RL DMG RH DMG
- LI\ _ = !
H---R i

1 2 3

DMG —
Electrophile DMG = SO,NR;, NHCOR, CONR, CSNHR,
— CONHR, OCONR, COR, CH;NHR, OCH,OMe,

E | OR, NR,, SR, CR, F,CH,OH, CH(ORY), etc

4

Scheme 1Directed lithiation of substituted aromatit$ollowed by reactions with electrophiles.

Successful deprotonation requires the DMG to b@ad gcoordinating site for the lithium
reagent and at the same time a poor electrophiécfar attack by the lithium reagent. Strong
directing metalating groups that encouragtho-lithiation include SGNR,, NHCOR, CONR,
CSNHR, CONHR, OCONR CO,R, CHLNHR, OCHOMe. Moderate DMGs include OR, NR
SR, Ck and F, while weak DMGs include GBIH and CH(OR)>° Along with others, we have
shown that use of organolithium intermediates isiraportant strategy for the synthesis of
regiospecifically substituted aromatics and hetgrtas>"%°
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2. Directed lithiation of benzenoid compounds

Directed lithiation of substituted benzeng&shaving various DMGs, with a lithium reagent
produces lithium intermediate€% which react with electrophiles to produce theregponding
substituted benzenas(Scheme 25*%* For example, double lithiation ®¥-pivaloylaniline, on
nitrogen and on the carbon at position 2, by uséwaf molar equivalents ofi-butyllithium
(n-BuLi) at 0 °C in anhydrous THF (Scheme 2, DMG = NHCOBU) produces a dilithium
intermediatan-situ, which reacts with electrophiles to give the cep@ndingortho-substituted
derivatives (DMG = NHC(Bu) in high yields™* Some examples of substituted benzehésat
have been subjected to directed lithiation reasti@ong with the relevant reaction conditions,
are shown in Table 1.

DMG . DMG . . DMG
©/ RLi @ ! i, Electrophile @
Solvent | i +
Li i, H30 E

1 3 4

DMG = NHCOBu, NHCG,'Bu, NHCONMg,, CH,NHCOBuU, CH,NHCONMe,,
CH,CH,NHCOBuU, CH,CH,;NHCONMe,, CH,CH,NHCO,'Bu, CONHMe,
CONHPh, CONEJ, CONPr,, CON(MeJBu, OCONE}, CH,NEL,, OTHP,
DHDPO, H-tetrazol-5-yl, OMe, SH, CE F

Scheme 2 Directed lithiation of substituted benzeres

Table 1.Examples of substituted benzerddghiated according to Scheme 2

DMG Reaction conditions Reference
RLi Solvent T ¢C)

NHCOBu n-BulLi THF 0 81

NHCO,'Bu t-BulLi THF -20 82,83
NHCONMe, n-BulLi THF -78 84
CH,NHCOBuU t-BuLi THF -78 73
CH,NHCOBuU n-BulLi THF 0 85
CH,NHCONMe, t-BuLi THF -78 73
CH,NHCONMe secBulLi THF -50 86
CH,CH,NHCOBu n-BulLi THF -20t0 0 87
CH,CH,NHCONMe, n-BulLi THF -20t0 0 88
CH,CH,NHCO,'Bu n-BulLi THF -20t0 0 88
CONHMe n-BulLi THF -78 89
CONHPh n-BulLi THF -78 89

CONEb secBulLi THF/TMEDA? -78 90,91
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Table 1 (continued)

CONP, secBuLi THF —-78 92
CONPr, n-BuLi THF —78 93
CON(Me)Bu secBulLi THF/TMEDA? —78 94
OCONE} secBuLi THF/TMEDA? -78 95
CH.NETL, t-BuLi/ZnCl, THF/ELO (1:1) -78t0 0 96
OTHP n-BuLi THF/TMEDA? -20to -10 97
DHDPCO i-PrLi THF/DMPU -98 to —-40 75
1H-tetrazol-5-yl secBulLi THF —78 98
OMe t-BulLi THF —-78 99
OMe n-BuLi THF -75 100
OMe n-BuLi THF/TMEDA? -108 to -78 101
OMe n-BuLi THF/KO'Bu -95 102
SH n-BulLi cyclohexane/TMEDA Oto 25 103,104
SH n-BuLi TMEDA? 20 105
Ck LTMP® THF —75 106
F n-BuLi Et,O =50 107

3 TMEDA is N,N,N,N'-tetramethylethylenediamin®.OTHP isO-tetrahydropyranyl® DHDPO
is  4,5-dihydro-4,5-diphenyloxazol-2-yl. ¢ DMPU is N,N-dimethylpropyleneurea
(1,3-dimethyltetrahydropyrimidin-2@)-one).® LTMP is lithium 2,2,6,6-tetramethylpiperidide

3. Directed lithiation of naphthalenes

Directed lithiation of substituted naphthalenes ihgvDMGs has received limited attention
compared to benzene derivatiV88™° However, there are some useful reports. For exampl
N,N-diethyl-1-naphthoamidebf has been lithiated witeecBuLi in the presence dfl,N,N',N*
tetramethylethylenediamine (TMEDA) at78 °C in THF. The lithium intermediaté thus
obtained has been reacted with oxygen to give 2exydN,N-diethyl-1-naphthoamide7(
Scheme 3§%81% Similarly, lithiation and substitution dfi,N-diethyl-2-naphthoamide produced
the corresponding 1-substitutigN-diethyl-2-naphthamide$®

CONEb CONEb CONE®,
) Li . OH
secBuLi/TMEDA i, Oy
> —_— >
THF,-78 °C i, H3O
5 6 7

Scheme 3.Directed lithiation ofN,N-diethyl-1-naphthoamidée].
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4. Directed lithiation of heterocycles

Many valuable bioorganic and pharmaceutical comgswontain a heterocyclic base unit, the
synthesis of which is therefore extremely importdsde of organolithium intermediates is an
efficient process foortho-functionalization ofr-deficient heteroaromatics such as pyridine,
quinoline, isoquinoline and diazin&sIn many cases, the lithiation reaction requires ofsless
nucleophilic lithium reagents such as lithium dgosapylamide (LDA) and lithium 2,2,6,6-
tetramethylpiperidide (LTMP) to avoid nucleophiaddition of alkyllithiums to the azomethine
(C=N) bond, even at low temperature.

4.1 Directed lithiation of pyridines

4.1.1 Directed lithiation of 2-substituted pyridines. Directed lithiation of pyridines8
containing a DMG at the C-2 position takes placthat3-position to provide the corresponding
lithium intermediates9 (Scheme 4§1°'*® Reactions of9 with electrophiles provide the
corresponding substituted derivative® (Scheme 4). For example, successful C-3 lithiatbn
2-(pivaloylamino)pyridine (Scheme 3; DMG = NH@D) took place witm-BuLi in THF at O

oc 1117 5ome examples of 2-substituted pyridirethat have been subjected to directed
lithiation, along with the appropriate reaction didions, are shown in Table 2.

) i E
X RLi X i, Electrophile A
| < | ol
z Solvent N ii, H;0" z
N DMG N DMG N DMG
8 9 10

DMG = NHCO'Bu, CONHPh, CONE{, CONIPr,, SOBU, SOAr, CGH,
OCH,0Et, OMe, F, Cl

Scheme 4.Directed lithiation of substituted pyridin&s

Table 2.Examples of 2-substituted pyridin@dithiated according to Scheme 4

DMG RLi Solvent T ¢C) Reference
NHCOBu n-BulLi THF 0 116,117
CONHPh n-BuLi THF -78 118
CONHPh LDA THF -78 119

CONEb secBulLi THF -78 120
CONEb LDA Et,O ~78 121
CONPr, n-BuLi THF -78 122
CONPP, LDA Et,O ~78 123
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Table 2 (continued)

DMG RLI Solvent T ¢C) Reference
CONP, secBulLi THF/TMEDA -78 124
SOBu LDA THF -78 125
SOAr LDA THF -78 126,127
COH n-BuLi/LTMP THF —75t0 0 128,129
OCH,OEt n-BulLi THF -10 130,131
OMe n-BuLi/LDMAE? hexane 0 132
F LDA THF ~75 133
F PhLi/DIAP THF -50 134
F n-BuLi/'BuOK THF ~75 135
Cl n-BuLi or LDA THF -80 136
Cl LDA THF -85 137
Cl PhLi/DIAP THF -40 134
Cl LTMP THF -78 138

4 LDMAE is lithium 2-dimethylaminoethanolat®DIA is diisopropylamine.

4.1.2 Directed lithiation of 3-substituted pyridines. Directed lithiation of 3-substituted
pyridines 11 with various lithium reagents takes place predatdly at C-4 to give the
corresponding lithium intermediat&? (Scheme 5). Reactions b2 with electrophiles produce
the corresponding substituted pyridirfegs'2123:128.129.13513918 5 ma examples of 3-substituted
pyridines11 that have been subjected to directed lithiatidong with the appropriate reaction

conditions, are recorded in Table 3.

DMG _ "DMG DMG
| X RLi | ~ i, Electrophile | ~
P 7 i, H,O" [~
N Solvent N 3 N
11 12 13

DMG = SONH'Bu, NHCOBu, NHCO,'Bu, CHNHCOBuU, CH,NHCO,'Bu,
CH,NHCONMe,, CONEt,, CONiPr,, OCSNE$, SOAr, COH, OMe, OEt, F,
Br, Cl

Scheme 5Directed lithiation of 3-substituted pyriding4.
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Table 3.Examples of 3-substituted pyriding$ lithiated according to Scheme 5

DMG RLI Solvent T ¢C) Reference
SONHBuU t-BuLi THF —78 139
NHCOBu n-BuLi THF/ELO/TMEDA —70to -30 140
NHCOBu n-BuLi THF/TMEDA =25 141,142
NHCO,'Bu n-BuLi THF -20 142
NHCO,'Bu n-BulLi Et,O/TMEDA -10 143

CH,NHCOBu t-BuLi THF —78 144
CH,NHCO,'Bu t-BulLi THF -78 144
CH,NHCONMe, t-BulLi THF -78 144
CONEb LDA Et,O —-78 121
CONEb LDA THF —78 145
CONEb t-BuLi THF/TMEDA -80 146
CONPH LDA Et,O —78 123
CONPH, LTMP THF/TMEDA -80 146148
OCSNE$ LTMP THF —-78 149

SOAr LDA THF —75 150

COH n-BuLi/LTMP THF -50 128

COH n-BuLi/LTMP THF 75 129

OMe n-BulLi THF 0 151

OEt MeLi THF/EO RT 152
F n-BuLi/t-BuOK THF —75 135
F n-BuLi THF —75 153
F n-BuLi THF —78 154,155
Br LDA THF —-78 156,157
Cl LDA THF —78 158,159

4.1.3 Directed lithiation of 4-substituted pyridires. Directed lithiation of 4-substituted
pyridines14 takes place at C-3 to produce the correspondilitpi8-intermediatesl5 which on
reactions with electrophiles give the correspond®g-disubstituted pyridinesl§;, Scheme
p).1106.118.121,123,128,129.15918 5y me examples of 4-substituted pyrididdghat have been subjected
to directed lithiation, along with the appropriagaction conditions, are shown in Table 4.
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DMG DMG DMG

. Li . . E
| X RLi | Xy - i, Electrophile | N
—_— —_—
=z Solvent z ii * z
N N ii, H3O N
14 15 16

DMG = NHCO'Bu, CONE®, CONPrz, CONHPh, CGQH, CH(OEt),
OMe, Br, CI

Scheme 6Directed lithiation of 4-subtituted pyridinad.

Table 4.Examples of 4-substituted pyriding4 lithiated according to Scheme 6

DMG RLi Solvent T (C) Reference
NHCOBu n-BulLi THF 0 116,160

CONEb LDA Et,O ~78 121
CONPF, LDA Et,O —78 123
CONHPh n-BulLi THF -78 118
COH n-BuLi/LTMP THF —50 to —25 128
CO.H n-BuLi/LTMP THF —75 to —25 129
CH(OEt) LDA THF -78 161
OMe PhLi THF 0 162
Br LDA THF -78 163
Cl n-BulLi Et,O/TMEDA -70 159
Cl LDA THF -70 159

4.2 Directedortho-lithiation of quinolines

Directed lithiation of various substituted quin@s has been achieved by the use of less
nucleophilic lithium reagents at low temperatuf®s.”® For example, directed lithiation of
2-substituted quinoline47 with LDA gives the corresponding lithium reagedi® which on
reactions with electrophiles produce the correspan@,3-disubstuited quinolinesd (Scheme

7) in moderate to very good yield&***Some examples of 2-substituted quinolit@shat have
been subjected to directed lithiation, along with &ppropriate reaction conditions, are shown in
Table 5. Similarly, directed lithiation of 3-fluagainolines was achieved at the C-4 position by

the use of LDA in THF or a THF/hexane mixture at lkemperature$’>*"
Li E
| X LDA, solvent | Ny i, Electrophile | X
Z AN i, HiO* P
N~ " DMG N~ DMG N7 > DMG
17 18 19

[ DMG = NHCO'Bu, OCONE$, CO,H, OR, Cl ]

Scheme 7Directed lithiation of 2-substituted quinolings.
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Table 5.Examples of 2-substituted quinolinEglithiated according to Scheme 7

DMG RLi Solvent T ¢C) Reference
NHCOBu n-BulLi Et,0 -78 165
OCONMe LDA THF -78 166,167
OCONE} LDA THF -78 166,167
COH LTMP THF -50 to-25 169
OMe n-BulLi Et,O 0 168
OMe LTMP THF -78 169
OEt n-BulLi Et,O 0 168
F LDA THF or THF/hexane -78 135,170,171
Cl LDA THF/hexane -75 172
Ck LDA THF/hexane -75 173

4.3 Directedortho-lithiation of diazines

4.3.1 Directed ortho-lithiation of 1,2-diazines. Directed lithiation of pyridazines20,
containing a DMG at the C-3 position, has beeneaad with LDA or LTMP to give the
corresponding 4-lithio intermediat@4, which react with electrophiles to give 3,4-distitin¢ed
pyridazines22 (Scheme 85°*"4*8Some examples of 3-substituted pyridazi@@shat have

been subjected to directed lithiation, along with appropriate reaction conditions, are shown in
Table 6.
DMG

DMG DMG
Li . .
NZ | LDA or LTMP N~ | i, Electrophile N~ | E
1 _— 1 _— I
N & THF or EO N & ii, HZ0" N«
20 21 22

‘ DMG = SO,NH'Bu, NHCOBu, OMe, OCHCH,OMe, ClI ]

Scheme 8Directed lithiation of pyridazine®0.

Table 6. Examples of 3-substituted pyridazirglithiated according to Scheme 8

DMG Lithium reagent Solvent TC) Reference
SO,NH'Bu LTMP THF -75 174
NHCOBu LDA or LTMP THF —-78 175

OMe LTMP THF —-78 176

OMe LDA or LTMP THF =75 150

OCH,CH,OMe LTMP THF —75 175
Cl LDA or LTMP THF or ExO -100to 0 177180
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4.3.2 Directedortho-lithiation of 1,3-diazines. Directed lithiation of 4-substituted pyrimidines
23 takes place mainly at C-5 to give the correspandidithio intermediate24, which on

reactions with electrophiles give the correspondirgdisubstituted pyrimidine25 (Scheme 9;
Table 7)136:176:177.181-188

DMG DMG\ DMG
_ . y Li . . _ E
N | RLi N | i, Electrophile N |
k\ THF or ELO k\ ii t k\
N 2 N i, H30 N
23 24 25

[ DMG =OMe, F, Cl ]

Scheme 9Directed lithiation of 4-substituted pyrimidin28.

Table 7.Examples of 4-substituted pyrimidin23 lithiated according to Scheme 9

DMG Lithium reagent Solvent TC) Reference
OMe LDA EtO 0 181
OMe LTMP THF —78t0 -70 176,182-184
F LDA THF or EtO —-70 185
Cl n-BulLi THF -75 176
Cl LDA Et,O -80 186
Cl LDA THF -70 136, 187
Cl LDA or LTMP THF —78 188

4.3.3 Directedortho-lithiation of 1,4-diazines. Directed lithiation of 2-substituted pyrazines
26 takes place at the 3-position (Scheme 1H)¥*#91%Some examples of 2-substituted
pyrazines26 that have been subjected to such directed lidnatalong with the appropriate
reaction conditions, are shown in Table 8. For eJdam directed lithiation of
2-(pivaloylamino)pyrazine (Scheme 10, DMG = NHB@®) was successful by the use of
alkyllithiums in THF or E4O as solvent to give the corresponding organolithintermediate®7
(DMG = NHCOBu), which on reactions with electrophiles produceém corresponding
2,3-disusbstituted pyraziné$.

N
[ \j\ RLi [ I i, Electrophile_ [ I
= +
N DMG THF or ELO ii, H30
26

‘ DMG = NHCO'Bu, SO,'Bu, SO,Ph, OMe, SMe, SPh, F, Cl, ]

DM

Scheme 10Directed lithiation of 2-substituted pyrazirzs.
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Table 8.Examples of 2-substituted pyrazir#slithiated according to Scheme 10

DMG RLi Solvent T ¢C) Reference
NHCOBu R =n-Bu, t-Bu or LTMP THF or E£O —701to 20 189
SO,'Bu LDA or LTMP THF —75 174
SOPh LDA THF —75 190

OMe LDA or LTMP THF —-78to 0 191193

SMe LTMP THF —75 190
SPh LTMP THF —78 191

F LTMP THF —75 184,194
Cl LTMP THF —70 195
I LTMP THF —78 196

4.4 Directedortho-lithiation of cinnolines

3-Substituted cinnolines (OMe, CI) have been ligdawith LTMP or LDA at C-4, while the
4-substituted analogues have been lithiated at€or example, 3-methoxycinnolingg) has
been lithiated at C-4 by use of LTMP or LDA in THE-75 °C to give the lithium reaged0
which reacted with various electrophiles to givee thcorresponding 4-substituted
3-methoxycinnoline81 (Scheme 11) in high yieldg®

Li E
OMe OMe OMe
= | LTMP or LDA = | i, Electrophile = |
X _N THF, -75 °C X .N i, H3O" X N
N N N
29 30 31

Scheme 11.Directed lithiation of 3-methoxycinnoliriz9.

4.5 Directedortho-lithiation of 3H-quinazolin-4-ones

Directed lithiation of Bi-quinazolin-4-ones has been investigat®d*° For example, directed
lithiation of 3-acylamino-Bl-quinazolinones32 was successful by the use of LDA in THF at
-78°C to give the dilithium reagen83 (Scheme 12). Reactions 88 with electrophiles gave the
corresponding 2-substituted 3-acylamirté-uinazolinones34 in very good yields®’ By
contrast, reactions d32 with alkyllithiums led to the production of 1,2ditdlon products in

excellent yields?’
(0]

N _NHCOR _NHCOR
| _LDA, THF _ iy Electrophlle
@N/) -78°C @ )\ OL' T (:[ /)\

32

Scheme 12.Directed lithiation of 3-acylaminoF8-quinazolinoneS2.
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4.6 Directedortho-lithiation of quinoxalines
Directed lithiation of 2-(pivaloylamino)quinoxalin€5) with LTMP in THF at -78°C was
regioselective at position 3 to give dilithium reag36 (Scheme 13)°2°*?*'Reactions oB6
with electrophiles produced the correspondiogho-substituted derivative887 in modest

201

yields:

X

35

_LTMP, THF_

NHCcOBu ~/8°C

@I OLtl

Scheme 13Directed lithiation of 2-(p|valoylammo)qumoxaﬁer(35).

4.7 Directedortho-lithiation of other heterocycles
Directed lithiation of various other heterocyclesshalso been investigatétd??®In some cases
the ring heteroatom is sufficient to direct thénilition to a site adjacent to the heteroatom,
although the presence of a DMG may assist alsoekample, directed lithiation ®-protected
indoles38 led to the production of 2-substituthprotected indoled0 (Scheme 143*2°’Some
examples of protected indol&8 that have been subjected to directed lithiatidong with the
appropriate reaction conditions, are recorded inld 8.

Q_\> Lithium reagent Q_\>\ i, Electrophile Q_\>\
N N

. . N
i, Electrophile @ I
.. +

Bu ™'’ N

37

NHCOBu

N Solvent Li  ii,H3O"
R R R
38 39 40

[ DMG = Me, SGPh, CGH, CO,'Bu ]

Scheme 14.Directed lithiation oN-protected indole88.

Table 9. Examples oN-substituted indole88 lithiated according to Scheme 14

R Lithium reagent Solvent PQC) Reference
Me n-BulLi Et,O reflux 204
Me t-BulLi THF -120to -78 205

SOPh MeLi THF 0 203
SOPh n-BuLi Et,O reflux 206
SOPh t-BulLi THF 0 206
SOPh t-BulLi THF -120to -78 205
COH t-BulLi THF -70 207
COH t-BulLi THF -120to -78 205
CO,Bu t-BulLi THF -78 203
CO,Bu t-BulLi THF —120 to 78 205
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Lithiation of N,N-diethyl-1-(methoxymethyl)Hi-indole-3-carboxamided) with LDA gave
the corresponding 2-lithio reage#®, which on reaction with iodomethane and benzaldehyd
gave the corresponding 2-substituted derivatid@s(Scheme 15) in 91 and 82% yields,
respectively’* Lithiation of N-protected indole-3-carboxylic acid behaved in Eiminannef**

CONE, CONEY, CONEY,
@—\S LDA Q_\g\ | i, Electrophile @_\g\
N N.E

N Li i, H3O"
CH,OMe CH,OMe CH,OMe
M 42 43

[ E = Me (91%), PhCH(OH) (82%]

Scheme 15.Lithiation of N,N-diethyl-1-(methoxymethyl)-#i-indole-3-carboxamided().

Lithiation of benzofuran-3-carboxylic acidt4) with LDA in THF at —78°C gave the
corresponding 2-lithio reaget5, which on reaction with various electrophiles gabe
corresponding 2-substituted derivativis (Scheme 16) in 75-100% vyieltf$:?*° Lithiation of

benzofuran-2-carboxylic acid took place at the 8ipan >

CO,H COuLi CO,H
@\S LDA, THF @\S\ i, Electrophile @—\S\
0 Li o E

-78 °C o) ii, H30"
44 45 46

Scheme 16.Lithiation of benzofuran-3-carboxylic acid4).

ortho-Lithiation of 3-¢ert-butoxycarbonylamino)furandy) with t-BuLi (2.5 equivalents) in
the presence of TMEDA (2.5 equivalents) in THF 40 <C took place regioselectively at the
C-2 position to provide the corresponding 2-litheagen#8, which with trimethylsilyl chloride
gave 3-{ert-butoxycarbonylamino)-2-(trimethylsilyl)furad®) in 52% yield (Scheme 17}®

ig Lio —(074 o=(o74

[\E O  tBuLi, TMEDA [\& i, TMSCL, -40°C_ T\ |/
THF, -40 °C Li i, H0" P

o) o) o
47 48 49 (52%)

Scheme 17.Regioslective lithiation of 3N-tert-butoxycarbonyl)furan47) at the C-2 position.
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In contrast, lithiation o#7 with t-BuLi (2.0 equivalents) in the absence of TMEDATHF
at —20°C, followed by cyanation, took place at the C-5ipms to give 5-substituted derivative
51in 71% yieldvia formation of lithium reagerio (Scheme 18322

J( LiO—\<O74 o:(o74

HN—§

N NH
U _tBuLi, THF 7\ i, PhOCN, -20 °C [\g
T 20°C L ii, HO"

Li o) NC (0]
50 51 (71%)

Scheme 18.Regioslective lithiation of 3N-tert-butoxycarbonyl)furan47) at the C-5 position.

5. Conclusion

Directed lithiation of various aromatics and hetges by lithium reagents at low temperatures
and reactions of the lithium reagents thus obtaimild electrophiles produces the corresponding
ortho-substituted derivatives that might be difficultgeepare by other means.
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