
HETEROCYCLES, Vol. 38, No. 11,1994 2487 
. .  ,. 

SYNTHESIS AND REACTIONS O F  LITHIATED MONOCYCLIC AZOLES 
CONTAINING TWO OR MORE HETERO-ATOMS 

Brian Iddona and Raphael I. ~ ~ o c h i n d o ~  

a The Ramage Laboratories, Depanment of Chemistry and Applied Chemistry. University of 
Salford, Salford M5 4WT, England 

Department of Chemistry. Federal University of Technology, P.M.B. 1526, Owerrl, Nigeria 

Abstract - The rnet~llatiun nnd hnlogerl -t merd exchonge rroctiuns of in~irl~zole,s (1.3-diuzolrs) 

and the reactions ofthe resulting orjinm~rnerdlic ~lerivotives, p~~rticulurly lithiuted derivatives, 

are reviewed comprehensively. 
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I INTRODUCTION 

A general introduction to this series of reviews was given in Part L2 Pars 1-111 cover the literature through June 

1993 whilst this review covers the literature through December 1993. 

The imidxzole (1,3-diazole) ring system has k e n  studied more than any of the other azole systems covered in this 

series presumably because many of its derivatives possess biological activity.3-9 The present review is 

comprehensive with respect to the discussion but omits in its Tables the examples presented in the Tables of our 

earlier reviews on this topic. A comparison between these two reviews shows that there has heen considerable 

recent interest in metallated imidazoles. We have made no attempt to cover the metallation teactions of 
+ 

imidazolines. However, noteworthy are the additions of methyl- and phenyllithium to the -C=N- and -C=N(O-)- 

hnnds in 2H-imidazole I-oxides, 4H-imidazole 1- and 3-oxides and 1.3-dioxides, and malogous imidazoline 

oxides. 10 

I1 MONOMETALLATION IN THE RING 

Metallation of a ring C-atom, with the ~dctivity order C-2 z C-5 > C-4, is ohserved in imidazoles hearing suitahle 

N-l suhstituents, othewise N-liUiiated derivatives are fo1rned.l'-'6 Addition of an dkylating agent to the N-l 

lithiated derivatives of 4(5)-suhstituted imidazoles leads to a mixture olN-alkyldted producLs;'3,'7 the presence of 

hexamethylphosphorichamide (HMPA) helps with less =active alkylating agents17 

A numher of N-l protecting groups have been studied: each has its own advantages and disadva~i tages l~-~~ (see 

also ref. 22). 

A Lithiation a t  position-2 

Monolithiation of N-1 protected imidazoles occurs at position-2 even at low temperatures, most commonly 

-78 "C. The resulting 2-lithiated derivatives have been trapped with a variety of elutropl~ilic quenching reagents, 

to give 1,2-di- or polysuhstituted imidazoles (1) (Scheme 1) (Tahle I); e.g. with ketones, carhinols [I; R2 = 

C(OH)R'R] have heen prepared in 50-9691 yields (these are not listed in Tahle 
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a With BuLi unless stated otherwise. h The following abbreviations have been used: 1-Pyro = pyrrolidin-I-yl; 2-Mim = 1-methylimidazol-2-yl; 2-Mom = 1- 
methoxymethylimidazoI-2-yl; 2-Eom = 1-ethoxymethylimidazol-2-yl; 2-. 3.. and 4-Py = pyrid-2(3 and 41.~1; 3-In = indol-3-yl; I-Bzt = benzotriazol-1-yl; 
TMS = trimethylsilyl; THP = tetrahydropyran-2-yl; NBS, NCS, NIS = N-halogenosuccinimide (X = Br, CI. I). With LDA. Minor product of the 
reaction. In the presence of Et2AICI. f Yield after removal of THP or TMS protecting group. g Other products (see Scheme 7). h After removal of 1- 
protecting group. i In this case the Zlithiated imidazole employed was that derived from the cyclic amide of 4(5)-hydroxyethylimidazole. 1 Generated in situ 
and used in further synthesis. 



Butyllithium is most commonly used as the metallating reagent whilst lithium diisopropylamlde (LDA) is the 

reagent of choice when the imidazole carries suhstituents prone to nucleophilic attack. Ethereal solvents [diethyl 

ether (EtzO), tetrahydrofuran (THF), or dimethoxyethane (DME)] are normally used. Lithium naphthalenide has 

been used to "metallate" I-methylimidazole8~ hut it does not find general use; e.g. it does not metallate l-phenyl- 

imidazole. In view of the ease of C-2 metallation of imidazoles the addition of chelating reagents, such as 

N,N,N:N'-tetramethylethylenediamine (TMEDA), to enhance basicity of the organolithium magent is not usually 

necessary. The ease of C-2 deprotonation is exemplified with substrates capahle also of halogen + metal 

exchange. 

b(And 5)-chloro (the CI-atom is exchangeahle if position-2 is hlocked) and 4-hromo derivatives (Br-atom 

exchangeable with positions-2 and -5 hlocked) are metallated in position-2 (Tahle I). Thus, e.g., 4-chloro-N,N- 

dimethyl-5-phmylimidzole-1-sulfonamide is lithinted at position-2 (BuLimHFI-70 "C),  quenching with ethyl 

chloroformate gives the ethyl 2-carhoxylate (Tahle 

By judicial choice of reaction conditions it is possihle to metallate imidazoles at position-2 which carry functional 

groups also capable of reacting with the reagent. Thus, e.g. with one mol. equiv. of hutyllithium (THFI-IIX) "C) 

it is possihle to selectively C-2 metallate 4.5-dicyano-1-mahylimidilzoIe;'5 see also refs. 52 and 75 (addition of 

TMEDA is reported to help). At -80 "C complications arise as il ~esult of attack of the hutyllith~um on one of the 

cyano gmups. Quenching the C-2 anion is only possihle with elecwophilic reagents which i u c t  at -1OO "C. It is 

preferable to prepare this anion viu hmmine -t lithium exchange (Section 1V.A). Deprntonation of 4.5-dicyano- 

I-methylimidazole with LDA (THFI-80 "C) gives the C-2 anion which proceeds to yield oligoiners hy its attack 

on the cyano groups of other moleculcs.l5 With two mol. cquiv. of hutyllithium followed hy quenching with 

water 4.5-dicyano-I-methylimidazole yields a hutyl ketone. 

Whilst I-phenylimidazole-2-carhoxylic acid is ohtained when I-phenylimidazole is treated successively with one 

mol. equiv. of hutyllithium and carhon dioxide, when this lcaction is repeated using three mol. equiv. of hutyl- 

lithium, compound (2) is produced through carbonation of a dilithiated species.Rh The 2-lithiaad derivative of 1- 

(quinol-3-yl)imidazole ( L D m F )  reacts with starting material as it forms. to give the product (3) (Scheme 2) of 

azomethine hond addition which can he transformed to the macrocyclic dimer (4) hy fu~ther 2-lithiation, 

intramolecular bond addition, hydrolysis, and oxidation.R7.s~ 

Condensation of 1-methylimidazol-2-yllithium with (E)-2-dimethyl(chloro)stannyl-3-diethylhoryl~nt-2-ene 

[Me2Sn(CI)MeC=CEtBEt2] gives rise to the hicyclic compound (5) (837% yield).89 



Scheme 2 

Lithimion of 1-methylimidazole and subsequent reactions of the imidazol-2-yllithium derivative with elec~ophilcs 

has k e n  most studied (Tahle I) presumably hccausc it is commercially availahlc and ahlc to withsvand exlrrmc 

metallation conditions.90 Use of the N-methyl suhstitucnt as a protecting group has k e n  ~poned,52 e.g. in the 

synthesis of compound (6) (Scheme 3). In this case the em of demethylalion. (6) -t (7) (Scheme 3). is 

atuihuwhle to the presence of h e  cyano groups which stahilise the leaving imidazolium anions involved. 



2510 HETEROCYCLES. Vol. 38, Na ll, 1994 

Scheme 3 

Demethylation, however, is usually very diflicult. An attempt, e.g., to demethylatz 4-hromo-1 methyl-2- 

nitroimidazole was unsuccessful.71 

l -~eth~l imidazol-2-~l l i thium reacts with 1.2.3-tris(isopropylthio)cyclopropylium prchlomte (8) to give the 

py1~01o[2,I-b]imidazole (10) in 98% ~ield." The reaction proceeds via formation of the intermediate vinyl 

carhene (9) (Scheme 4). 

SPr-iso 
Li + iso- PrSvSPr-;so THF 

c10; - 
N SPr-iso - 7 0 ' ~  to room temperature 

Me Me 
(8) SPr-iso 

Scheme 4 



N-Benzyl protecting groups may he removed hy reductive cleavage techniques.I8,~1,55,86,U2 The major 

disadvantage associated with the use of this prokcting group is competitive a-(or lakral)mmallation1~.52~~,')3,')4 

(see also ref. 18) (Section V). ?he 1-knzylimidazol-2-yl anion appears to k thermodynamically preferred to the 

N-C, anion hut it is not clear which of the two possible anions is kinetically preferred.S4 With the exception of 

knzyl halides and iodomethane most electrophiles appear to react at position-2; a skric argument has k e n  

advanced to account for this preference.S4 I-Benzylimidazoles have heen dialkylated in their henzyl groupsw 

(see also Section V). The reported95 synthesis of compound (11) through metallation of I-henzylimidazole at 

position-5 has heen shown to k faulty.I9 Quenching the anion formed under the likratul-e conditions with 

iodomethane gave compound (12) (however, see also ref. 54). Removal of the henzyl group from l-henzyl-a- 

(4-chlorophenyl)-a-phenylimidazole-2-methanol with sodium in liquid ammonia results in loss of the chlorine 

atom.18 

With hutyllithium (THFIO "Cll hour) bis(imidazol-I-yl)methane yields hoth the 2-mono- and 2.2'-dimeullakd 

derivative depending on the conditions of the reaction and the quenching reagent (Tahle I I ) . " ~  There is no 

evidence for lateral memllation in the methylene group. Use of LDA or an increase in the temperature produces 

results similar to those with hutyllithium, which suggests that ring metallation is hoth kinetically and 

thermodynamically favoured. 

The triphenylmethyl(trityl) group97 has prohlems associated with soluhility;l') (see also ref. 18). Reaction 

temperatures and solvents are thus restrictive. Deprotection, however, occurs readily hy mild acid hydrolysis. A 

typical one-pot procedure is summarised in Scheme 5 for conversion of compound (13) into compound (14) 

(37% yield).71 Some of the moderate yields reported in Tahle I may he accounted for hy steric hindrance towards 

metallation arising from the presence of a hulky N-1 protecting group (see Section ILB). 



Table I1 

Ring Substitution of Bis(imidazo1-1-yl)methane 

Reagent Substrate:BuLi:E+ Monosubstitution (%)a Disubstitution (%)a 

aBy IH nmr spectroscopy. h With LDA. At 60 "C. 

I 
CPh, 

(13) 
(14) 

Reagents: i) BUL~ITHFIO~C; ii) PrN02; iii) H@+; iv) Mc2S0,JK2C031Me2C0. 

Scheme 5 

Alkoxymethyl and aryloxymelhyl prokcling groups are reported to be the most srahle so fu employed in 

imidazole metallation pmcesses.59 Deprotection, however, requires more severe conditions. Thus, 1- 

methoxymcthylimidamles have k e n  npow@8 to k stable to prolonged hoiling in 6M-hydrochloric acid. A 

mixture of hydrochloric and acetic acids has been found, however, to he effective in deprotection studies.18 

Deprorcction of 1,1'-bis(methoxymethyl)-4,4',5,5'-ktracY'ano-2,2'-hi-imida~ zo1e has heen achieved hy heating in 

a l.2M-hydrochloric acid-THF mixture at 60 "C for 3 hours.52 A 2-(trimethylsilyl)ethoxymethyl (SEM) 

protecting group is cleaved similarly with OSM-ethanolic hydrochloric acid at 50 "C hut 1.0M- 



tevahutylammonium fluoride in THF heated under retlux is equally effective.61.62 The latter system has heen 

used for the simultaneous removal of a 5-trimethylsilyl group and an N-SEM group.16 Removal of an N- 

ethoxyethyl protecting group is possible with 0.IM-methmolic hydrogen chloride (at 55 'TI4 hours).20 A 

teuahydropyrm-2-yl (THP) protecting group can he removed similarly with O.IM-ethanolic hydrogen 

chloride.a.68 In addition to restrictive deprotection conditions, yields of isolated products a,-e often moderate or 

low when these protecting groups are employed (Tnhle I). 

By contrast with alkoxymethyl protecting groups, diakoxymethyl and trialkylsilyl protecting groups are very 

labile. lmidazoles carrying these prolecting groups alr: dcprotected by work-up procedures. Prohlems can arise 

too fnllowing chromatography on silica when the protecting group can he lost and the C-S hond of 2-phenylthio 

derivatives can he cleaved simulmeously.22 

An N-diakylaminornethyl protecting group can he introduced under Mannich waction conditions and removed hy 

acidic work-up of reaction mixtures21 (hut see ref. 99). The 2-lithiated derivatives of such protected imidazoles 

give poor yields on reaction with hindered electrophiles and with acidic suhsuates. In one reaction, when 

iodohutllne was replaced with hromohutllne as the elect~ophilic quenching reagent, further a-(or 1meral)- 

deprotonation (Section V) of the initially introduced 2-hutyl group occurred and the resulting anion captured 

another hutyl group?l Presumahly reaction with iodohume is faster and this side-reaction is avoided. With 2- 

arylethyl halides elimination occurs to pmduce h e  corresponding  styrene^.^ 

I-Aminopropylimidazole, pmtected as its diphcnylmethylidene derivatives 1i.e. N-(CH2)3N=CPhzI, can be 

metallaled at position-2 and the r~lsulting 2-lithiated derivative can k quenched with aroyl chlorides (7 l-90%, 

yieId).Gg 

Although there is evidence that I-phenylsulphonylimid.azo1e is mctllllated qunntitlltively in position-2 with n- or 

tert-butyllithium (THFIO' or -20 "C).1@l quenching the resulting anion with carhonyl compounds gives low yields 

(< 20%) of products.8 Similarly, whilst I-msylimidazole is metdlsted in position-2 with hutyllithium  action of 

the resulting anion with electrophilcs results in product yields not exceeding 5070.8.~8 Both these N-protecting 

groups appear to decrease the nucleophilicity of the 2-anions. The tosyl group is reported to he cleaved hy 

phenylmagnesium hromide.l8 High yields (up to 90%) of 2-substituted derivatives are obtained viu metallation of 

N,N-dimethylimidazole-I-sulfonamide (Tahle I) hut, again, there is evidence for decreased nuclcophilicity of the 

2-anion, e.g. quenching with N,N-dimethylfomamide (DMF) fails to give the corresponding aldehyde.20 

Sulfonyl groups are cleaved hy hydrolysis with either acid or base (which can he advantllgeous). 
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N-Protection with alkenyl (e.g. vinyl) groups is possihle.18 These groups have been little exploited; they have 

the advantage that they can he cleaved hy oxidation with potassium prmnnganatz (alkaline conditions). With an 

N-vinyl group the vinyl protons are not removed. Whilst an N-ally1 group is isomerised during the metallation 

stzp this is advantageous, for oxidative deprokction becomes feasihle. 

I-Methylimidazole can be quatemized at N-3 with 4-methoxyknzyl chloride, the resulting imidazolium salt is 

readily deprotonated at C-2 with sodium hydride (DMF), and addition of hexachlorwthane allows chlorine to k 

introduced at this position.lOl Other 2-suhstituents may k introduced similarly.lo2 1.3-Dimethylimidamlium 

salts are deprotonated similarly at position-2 hy hutyllithium and the resulting anions have h e n  quenched with 

deutzrium oxide, bromomethane, chlorodiphenylphosphine, sulfur dioxide, sulfines. N-suliinylamines, and 

thiirane (see also ref. 102).103 

The N-(N-acyl-N-methylamino)imidazolium salts (15; R =Me. -CH=CHPh, Ph, thien-2-yl) react with two mol. 

equiv. of an organometallic reagent RIM (R1 = Me. Et. Ph; M = MgBr or R1 = Ph, PhC-C-; M = Li) first hy 

metallation in position-2, then hy cleavage to give good yields (75-90%) of ketones (16), as shown in Scheme 

6.1M The cleaved imidazolium salt can he recycled. Organolithium reagents react faster than Grignard reagents. 
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B Lithiation a t  position-4 (see also next Section) 

Dircct metallation at Ulis position is only possihle in h e  presence of a sterically demanding N-I suhstituent or with 

activated imidawlium salts in which the adjacent position is blocked. Thus, with rert-butyllilhium (also slerically 

demanding) in THE, even at -75 'C, 2-fluoro-I-tritylimidazole is melallated at position-4.105 In the case of 2- 

phenylthio-I-tritylimidazole, however, position-5 is hindered and position-4 is insulliciently wactive towards 

LDA in THF. Metallation of this substrate with ten-butyllithium in THF leads to a mixmre of 4- and 5-substitukd 

products in low yields.22 

The imidazolium salt formed by reacting 5-chloro-I-methyl-2-phenylimidmle wih  4-methoxyhenzyl chloride is 

readily deprotonakd at position-4 (NaWCH2C12. KNH2fliquid NH3, or BuLi) and the resulting anion can he 

quenched w i h  various elcclrophilic reagents [Me1 + Me (82%). C13CCCI3 -f C1 (51%), CBr4 -3 Br (63%). 

PhCHO + CH(0H)Ph (100%). MeCOCl + COMe (50%). MeNCS -f NHCSMe ($%)I."" When halogen is 

introduced h e  rtmethoxyhenzyl group is removed at the same time. Both h i s  group and the chlorine atom are 

removed by nickel boride, thus providing an ovcrall rouk to 4-suhsliluled I-methyl-2-phenylimidazoles. 

C Lithiation a t  position-5 

Lithiation at this position is only possihle when position-2 is hlocked (Tahle 111). The repo~ted formation of 

compound (11) has been discussed earlier (Section 1I.A). Formation of compound (19) (Schcme 7) (13% 

i) BuLifIKF 

N ii) 4-ClC,H,CHO 
I 

CH*Ph 

Scheme 7 



Table 111 

Imidazoles Synthesised from Imidazol-5-yllithium Compounds 
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CHO 
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COPh 

SPh 

SiMe3 

CHO 

CHO 

a With LiTMPIDMWrHF at -78 T. h ?he starting material was 1-SEM protected imidazole ("one-pot" reaction sequences). S 22-Bis(5-iodo-1-(2- 
(trimethylsilyl)ethoxymethyllimidazol-2-yl)biphenyl (72% yield) was prepared similarly from 2.2'-bis( 1-[2-(trimethylsilyl)ethoxymethyl]imidazol-2- 
yllbiphenyl. After 2-deprotection. $After 1- and 2-deprotection. -'Isolated as the ethyl ester. S Overall yield starting from N,N-dimethylimidazole-1- 
sulfonamide. hWith LDA (83% starting material recovered); use of LiTMP increased yield to 38%. iTBDMS = SiMezBu-tert. 



yield) has been reported following successive treaunent of I-benzylimidazole with 1 mol. equiv. each of hutyl- 

lithium and Cchlorobenwldehyde in THF.54 The other products isolated. 17 (9%) and 18 (13%). are derived 

from the 2-lithiated species. 

Choice of the meclllating system seems lo be determined by the stmcture of the imidaz.de to he metallated. The 

biimidazole (20) gave a mixture of compounds 21 (7% yield) and 22 (23%) (Scheme 8) following its 

i) BuLimMEDA FMJ 
N N i i )  DMF R1 I J - Jk  N N R2 

SEM SEM SEM SEM 

(20) (21) (R' = R'= CHO) 

SEM = CH,O(CH,),SiMe, ( 2 2 ) ( ~ '  =H; R' = CHO) 

Scheme 8 

successive treatment with bulyllithium (in the presence of TMEDA) and D M F . ~ ~  2-(2-Furyl)-I-methylimidazole 

is mctallated (BuLilEt20-hexanel-70 T )  exclusively in thc furm ring.lw 

Imidazole nucleosides carrying a CI-atom at C-2 and an ester or amide functionality at C-4 have been deprotonatcd 

by LDA"1-L'4 as a means to the introduction of a suhstiluent at C-5, e.g. the conversion 23 -t 24 (Scheme 9) 

has k e n  achieved in 19% ovemll yield1 11 (sce also trf. 112). 

Reagents: i) LDA; ii) HC0,Me; iii) NaBH,; iv) HdlO%Pd-UMeOH; 

V) 20% AcOH; vi) NH,IMeOH. 

Scheme 9 



Attempts to deprotonate imidazoles protected at C-2 with uimethyl- or triethylsilyl groups have heen less 

successful. With these substrates sec-hutyllithium is the reagent of choice. These silyl groups are lahile and are 

introduced immediately prior to metallation in the same pot; work-up invariably is accompan~ed hy 

depr0tection.19,63.81,110,~~5 Only with a tert-hutyldimethylsilyl protecting group are the 2-protected compounds 

generally stahle and isolahle prior to metallation with hutyllithium at position-5.32.83 The 2-suhstituent in I- 

protected 2-triorganostannylimidazoles is similarly lahile.49 

Recently, however, Winter and R6teyBl have claimed that l-(N,N-dimethylsulfamoyl)-2-~iethylsilylimidazole-4- 

carbaldehyde is produced in 87% yield when N,N-dimethylimidazole-I-sulfonamide is treated successively with 

hutyllithium, chlorotriethylsilane (I  mol. equiv.), src-hutyllithium, and DMF, which suggests that N,N-dimethyl- 

2-triethylsilylimidazole-1-sulfonamide undergoes d i ~ c t  metallation at C-4 (see also Section IILA). This result, if 

cormt, is out-of-line with the other results discussed in this Section. 

N-Protected 2-phenylthinimidazoles are metallated also at position-5 (Tahle 111).12,22,29,45,63:)3.1 l6Il7 The 

preferred use of LDA was baed  on an ohse1viltion93 that n- and terr-hutyllithium caused C-S hond cleavage. In 

later studies, however, use of hutyllithium was reported to he s u c c e ~ s f u l . l ~ . ~ ~ 7  For the metallation of l-methyl- 

2-phenylthioimidazole lithium 2,2.6,6-tetramethylpiperidide (LiTMP) has heen used in a DME-THF 

use of n- or sec-hutyllithium gave complex mixtum whilst metallation with LDA was mcomplete. When 1- 

methyl-2-phenylthioimidd-5-yllithium is allowed to stand for 90 minutes in THF at 0 "C, the phmylthio group 

migrates to position-5 and I-methyl-5-phenylthioimidazole and starling material (I: 1) are the major products 

isolated" (see also Section 1V.A). I-Methylimidazole-2-thiol is metallated hy two mol. qu iv .  of tert-hutyl- 

lithium (THFI-78 "C) at position-5 and in the thiol group and the resulting dimion can he qucnched with a wide 

nnge of electrophiles, to give the comsponding 5-suhstituted duivative.l08 Benzyl chloride, however. gave the 

S-henzylated product. 

Though of limited application a carhoxamide group is a useful 2-protecting group.32 Metallation is achieved with 

lithium amides. 

A numher of other N-protected 2-suhstituted imidazolw have k e n  metallated at position-5 (Tahle 111). recently 2- 

dimethylamino-I-methylimidazole with sec-hutyllithium in THF.Io7 4-(4-Bromopheny1)- and 4-(2.4- 

dichlorophenyl)-l-(N,N-dimethylsuIf~moyl)ii~o-2-arhonite apprently can k meta11.ated at C-5 

(BuLifIWFI-78 T) without affecting the other functional groups and the resulting anions have heen quenched 

with ethyl chloroacetate or iodomethane or tosyl cyanide, respe~tively.75 1.2-Dimethylimidazole is lithiated in 



position-5 with butyllithium and LDA hut, in addition, a-(or lateral)metallation is observed i n  thc 2-methyl group 

(Section V)32.118 (see also ref. 119). 

Various hases, including fen-hutyllithium and potassium diisopropylamide (KDA), have failed lo deprotonale N- 

protected 2-nilroimidazoles (N-protecting group = CPh3, S02NMe2, or SEM).'I With hulyllithium alone, 

howcver. 4-hromo-1-methyl-2-niuoimidmle givcs a low yield (18%) of its 5-butyl dcrivativc.7' In this reaction 

the reagent is behaving as a nucleophile. 

The transmetallation reactions 25 + 26 (R = H, Me) (Scheme 10) have been proposed to account for the 

formation of imidazole-5-carhoxylic acids following successive treatment of 2-arylimidazo[Z,l-blbenzothiazoles 

(C-S hond cleavage) with hutyllihium (THFI-70 "C) and carhon dioxide. 120 

Scheme 10 

4-Chloro-1.3-dimethyl-2-phenylthioimidilzolium salt$ arc deprolonaled wih sodium hydlide in DMF a1 position- 

5.Io2 Attempts to methylthiolate (with MeSS03NdDMF) the resulting anion results in the folination of a 4- 
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chloro-1,3-dimethyl~2-methyIthio-5-phenylthioimidolium salt via transfer of the phenylthio group from 

position-2 to position-5. 

111 POLYLITHIATED DERIVATIVES 

A 2,4-Dilithiation 

Recently Effenberger et aLlZl have claimed that treatment of N,N-dimethylimidazole-1-sulfonmide with two 

mol. equiv. of butyllithium in DME followed by quenching with chlorotrimethylsilane (TMS) and a work-up 

which results in loss of the 2-trimethylsilyl group from the initial product (27) yields N.N-dimethyl-4- 

trimethylsilylimidazole-1-sulfonamide (28) (Scheme 1 I), whilst similar treatment of the same suhstrate with LDA 

in THF gives N,N-dimethyl-5-trimethylsilylimidazole-l-sulfonamide. It is well-known that imidnzol-Cyl spZ 

Scheme 11 

anions are less stahle than their 5-countelpans. This has been nttrihuted to the "adjacent lone paireffect".122-1x 

.Therefore, Effenberger's results121 seen surprising and merit further investigation (see also Sections 1I.B and 

1I.C). 

B 2,s-Dilithiation 

N-Protected imidazoles are dilithiated in positions-2 and -5 for the reasons given in Section IILA.1').4').90.115 The 

resulting 2,5-dilithiated species have heen quenched with a variety of electrophilic reagents to give 1 . 2 5  

trisubstituted imidazoles: in some cases mixtures of 1.2-di- and 1.2.5-trisuhstituted products are isolated (Tahle 

IV). Yields of trisubstituted products are related to the ahility of the initially generated Zanion to undergo further 



Table IV 

Synthesis of 1,2,5-Trisubstituted lmidazoles by 2,s-Dilithiation of I-Substituted lmidazoles 

5 m 

R1 R2 R5 Reagent Yield (%) R e f .  8 
2 
E 

Ms COzH COzH c@ - 22 .v, 

B 
hk SMe SMe MezS2 34 44 .- ‘, 

Z 

hk SiMe3 SiMej MqSiCI 58a, 68 22, 115 -2 
P 

s 
M SnBu3 SnBuj Bu3SnC1 9lh 49 B 

CH20Bu-tea D D bo 50 59 

CH20(CH2)20Me D D bo 40 59 

SOzNMe2 SiMej SiMe3 Me3SiCI 8s 121 

a After 2-desilylation. h After 2-destannylation After 1-deprotection. 



2528 HETEROCYCLES, Vol. 38, No. 11,1994 

deprotonation, to yield the 2.5-dianion.w Whereas a large excess of reagent is required to quantitatively dilithiate 

I-methyl- and I-methoxymethylimidazoles, XN-dimethylimidmole-1-sulfonamidz is 2,s-dililhiated in 

quantitative yield under milder conditions.19 

Some of the 1.2.5-trisuhstituted imidazoles initially generated by quenching are prone to lose their labile 2- 

suhstituents. This is observed, e.g., with compounds carrying trimethylsilyl, trihutylstannyl, or carhoxyl groups 

at position-2.22,49,g0,'2' [Scheme 12 for generation of compounds (29)l. 

i) RLi J i i  E + 

iii) H,Ot R~ 

* 1; -+ 
N N RS N 
R' R' R l  

Scheme 12 

Another advantage of the sulfonamide group as an N-protecting group in dilithiation studies is that the negligihle 

excess of lithiating reagent over substrate required permits reaction of the 2,5-dilithiated intermediate with one 

mol. equiv. of an electrophile, which yields a 1.5-disubstituted product (30) (Scheme 13).'9 Dimethyl sulfate is 

+ 
i) 1 mol. equiv. E 

Li 
N ii) H30' Rs 
I 

N 

S02NMe2 I 
S02NMe2 

(30) 
RS = CH2CH20H.Me 

Scheme 13 

p ~ f e m d  to iodomethane for introd;ction of a 5-methyl group. Position-5 in the ZS-dilithiated intermediate is 

more reactive than position-2. Hydrolysis on work-up removes lithium at position-2 hut p~~sumahly  a different 

substituent could be introduced at this position if a further mol. equiv. of the same or a different electrophile was 

added. 



C Others 

When treated with two mol. equiv. of hutyllithium (THFI-78 "C) 4-(2,4-dichlorophenyl)-N,N-di1nethylim1dx~ole- 

1-sulfonamide is metallated hoth at C-2 and ktween the C1-atoms in the 4-aryl ring; the corresponding dialdehyde 

is isolated following quenching with DMF.75 

Several polylithiated imidazoles have h e n  synthesiszd viu Br + Li exchange reactions (see Section IV). 

IV HALOGEN -1 LITHIUM EXCHANGE REACTIONS 

Halogenated imidazoles undergo halogen + metal exchange reactions with organolithium rcagents and the 

derived imidazolyllithium derivatives have k e n  used for the introduction of a variety of suhstituents. These 

=actions have the advantage that they can he carried out at low tempratures, even as low as -100 "C, often in the 

presence of other substituents normally reactive towards the reagent at higher temperatures. The order of 

reactivity is 2-X > 5-X > 4-X ("ALP effect" applicable: see Section 11I.B) (X = halogen, usually Br hut 

occasionally 1 and, rarely, Cl). 

A N-Protected imidazoles 

It is possihle to exchange hromine (and iodine) atoms for lithium at any position in an N-protected hromo(or 

iodo)imidazole. With N-protected 2.4.5-uihromoimidazoles the hromine atoms can he replaced sdeotively in the 

order 2 + 5 -1 4 in good to excellent yields,8,'?5-'28 thus providmg a useful route to polysuhstituted imidazoles 

CTahle V). For selective exchange at position-2 in the p m m c e  of halogens at other positions yields are dependent 

on the metallating reagent and its rate of addition to the suhsmte. Careful temperature control is important also. 

In THF or ether at -78 % N-protected 2.4.5-trihromoimidazolrs (31) seem to react with hutyllithium to give 

mixtures of the 2- (32; R2 = Li) and 5-lithinted derivatives (33; Rs = Li) (Scheme 14),125-126 although n recent 

Scheme 14 
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r e p ~ t T ~ ~ *  claims exclusive hromine +lithium exchange at position-2 with hutyllithium (THFI-78 "C). The 

electmphilic quenching reagents were added just 5 minutes following addition of the hutyllithium, which might k 

significant. 

Selective exchange of the 2-hromine atom in compound (31; R1 = CHzPh) is possihle, however, with methyl-, 

phenyl-, or sec-hutyllithium, to give the 2-lithiated derivative (32; Rl = CHzPh, RZ = Li).l25,'26 With methyl- 

lithium compound (31; R1 = CH20Me) yields lithium derivative (32; R1 = CH20Me. R2 = Li) which has heen 

converted to the 2-methylimidazole (32; Rl = CH20Me. R2 =Me) with bromomethane.'25 To avoid coupling of 

imidazolyllithium derivatives with the hromo(or iodo)alkanes releasd hy the initial helogen -t metal exchange 

reaction it is preferable to quench them without too much delay. 

When 5-hromo-2-tert-hutyldimethylsilyl-l-methylimidamle is treated with hutyllithium (THFI-70 "C) and the 

reaction mixture quenched (with aqueous NH4CI) the product is 5-trrt-hutyldimethylsilyl-I-methylimidaz 

(55% yield); the 2-silyl group migrates to po~ition-5.~5 When 1-methyl-2-uimethylsilylimidazol-5-yllithu is 

prepared similarly and quenched with DMF prior to work-up, the product is a mixture (50% yield) of 1- 

methylimidazole-5-carhaldehyde and 5-uimethylsilyl-I-methylimidazole-2-c- (40:60).25 5-Butyl-l- 

methyl-2-phenylthioimidazole is formed in 65% yield when 5-hromo-I-methyl-2-phenylthioimidazole is treated 

with hutyllithium in THF at -70 "C, and the resulting lithiated imidazole is allowed to warm up to O "C25 

The result of bromine + lithium exchange at position-5 is dependent on the nature of the suhstituent at position-2 

(Tahle V). In a one-pot procedure exchange at position-2 in I -henzyl-2,4,5-trihromoimidaz1~le (31; R' = 

CHzPh) with one mol. equiv. mrthyllithium. quenching with one mol. yuiv .  of dimcthyl disulfidc. exchnngc st 

position-5 with one mol. equiv. of hutyllithium, and quenching with DMF gave compound (34) (60% overall 

yield).126 Compound (35; R =I )  (62% yield) was ohtained similarly h m  l-henzyloxymethyl-2.4.5- 

triiodoimidazole when the 2-protecting group and metallating agent were the lahile trimethylsilyl group and 

hutyllithium, respectively.12' A one-pot exchange procedure gave 35 (R = Me) (29%) and 35 (R = C02Me) 



(25%) after sequential work-up of the lithiated intermediate (generated with BuLi) with chlorotrimethylsilane, 

1-formyl-1,2,2-trimethylhydrazine, and iodomethane (R =Me) or chloroVimethylsilane, 1-formyl-1,2,2- 

trimethylhydrazine, and dimethylpyrocarhonate (R = C02Me), nspectively.127 The different atoms or functional 

groups can be introduced into N-protected 2.4.5-trihalogmoimid.dzo1es via these halogen + lithium exchange 

techniques in the order position-2 + -5 + -4.83125-128.132 Thus, e.g. staning with 1-henzyloxymethyl-2.4.5-Vi- 

iodoimidazole the following groups can k introduced in the following order: 2-SPh with diphenyl disulfide (94% 

yield), 5-CHO with DMF (99%). 4-C02Me with methyl chloroformate [80% after protection of the formyl group 

(58% yield) as its ethylene aceta11.127 Recently Lipshutz and Hagen128 have used this methodology to good 

effect to synthesise 1-methyl-2-methylthioimidazole-4.5-di- a starting material for a preparation of 

the antitumour agent carmethizole, in 51% yield in a "one-pot" naction sequence. Starting with 1-henzyl(or 

methyl)-2,4,5-uibromoimid.dzole a numher of N-protected 2.4-di- or 2.4.5-tlisuhstituted ~midazolrs were 

prepared similarly (40-71% yields) in "one-pot" reaction sequences, e.g. (1-henzyl-2-methylthioim~dazol-4- 

yl)dimethylmethanol(71%) (H was introduced at position-5 using 2-propan-01). 1-Benzyloxymethyl-2-hutyl- 

4,5-diiodoimidazole may he converted similarly into 1-knzyloxymethyl-2-butyl-4-iodoimid.dzo1e-2-c11rha1dehyde 

(66% yield; 19% of product arising from hydrolysis of imidazol-5-yllithium compound isolated also), a staning 

material for the synthesis of Angiotensin I1 inhihitors related to Losartan (DuP 753).132 

Complications arise when N-prokcted 4,5-dihalogenoimidazoles (36; X = Br or I) are allowed to =act with 

organolithium reagents. Exchange initially occurs at position3 hut transmetallation with position-2 can occur, 

even at -78 'C, resulting in the formation of mixtures of products, (37) and (38) (Scheme 15) (Tahle VI) [cf 
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the hehaviour of similar Grignard compounds (Section VI)]. 

Compound (39) was isolated in 59% yield when the lithium derivative (36; X = I, R' = CH20CH2Ph) was 

allowed to react with 0.33 mol. equiv. of diethyl carbonate.60 5-Bromo-I-methylimidd. zole is reported to give its 

5-lithiated derivative with hutyllithium;133 quenching with acetaldehyde yields the corresponding carhinol (no 

rearrangement). In the reaction of I-ethoxymethyl-4.5-diiodoimidazole (36; X = I, R1 = CH20Et) with one mol. 

equiv. of hutyllithium followed hy quenching with diphenyl disulfide compound (38; X = I. R1 = CH2OEt. R2 

= SPh) was obtained together with imidazole (40) (ratio 4.6:1).13 The formation of compound (40) is indicative 

of competing metallation at position-2 and iodine +lithium exchange at position-5. Transmetallation from 

position3 to position-:! is common when quenching is cmied out with weak electrophiles. 

4.5-Dichloro-I-methoxymethylimidazoh undergoes metallation at position-2 with hutyllithium (THFIJO "C).57 

However, initial protection of position-2 hy a silyl goup (41) followed by addition of hutyllithium apparently 

results in exchange of chlorine at position-5: quenching the 5-lithiated intermediate with I-chloro-3-iodopmpme 

gives imidazole (42) (Schema 16). Other examples of Zlithiation of 5-chloroimidazoles are given in Tahle I. 

CI 'ZJ BuLi, c r k  i) BuLi 
____t 

11) Me3S1CI CI ii) I(CH2)3Cl 
N N SiMe3 iii) H,@ CKCHzk 23 
&H,OM~ 6H20Me & H ~ O M ~  

(41) (42) 

Scheme 16 
With lithium naphthalenide, however, 5-chloro-1-methylimidilzole g iva  compound (43) (83% yield) on 

quenching-the lithiated derivative with henzophenone, pmumahly due to wansmetallation of the initially generated 

5-lithiated compound (cf: Scheme 15).8s 



Rapopon's group isolated products different from those expected from Scheme 15 when they allowed 4.5- 

dibromo-1-methylimidazole to react with butyllithium (Et201-78 T )  and quenched the reaction mixture with 

dimethyl carbonate, which gave the expected 5-carhoxylate (37; X = Br, R1 = Me, RS = C02Me) (50% yield) 

together with compound (44) (10%).130 This result suggests that both the bromine atoms undergo exchange in 

ether, with the lower yield of compound (44) reflecting the expected lower reactivity at position-4. 

Exchange of bromine at position-4 is feasible when both positions-2 and -5 are hlocked.126 Starling with 1- 

knzyl-2,4,5-tribromoimidilzole exchange of the bromine atoms at positions-2 and -5 with hutyllithium followed 

by addition of dimethyl disulfide yields 1-henzyl-4-hromo-2.5-bis(methy1thio)imidazol (72% yield). The 

remaining hromine atom can be exchanged by addition of another mol. equiv. of hutyllithium and the resulting 4- 

lithiated species can be quenched with various eleclrophiles. Similarly I-knzyI-2,4,5-~hromoimid11zole can k 

converted in a "one-pot" sequence into 1-knzyl-2,4,5-nis(methylthio)imidazole (67%).126 Compound (45; R4 

= Br) yields a 4-lithiated derivative with hutyllithium (Et201-70 T )  which can hz qucnched with carhon dioxide, 

dimethyl disulfide, and DMF to give the expecled products (45; R4 = C02H. SMe, or CHO, respectively) in high 

yields.'2,"7 

MeS SPh 

Exchange of hromine at position-4 with position-5 unprotected ( B u L i F I - 7 8  "C) has been claimed116 for 

compound (46). With diethyl carbonate the resulting 4-lithiated derivative gave ethyl I-methyl-2-phenyl- 

imidawle-4-carhoxylate. Attempts to exchange the hromine atoms in 4- and 5-hromo-I-methylimidazole for 
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lithium with hutyllithium have h e n  reported as unsuccessful.l~.~.9~ 4-Bmmo-1-methylimidazole is metallated 

instead at position-2 Fable I).133 

Exchange of iodine at position-4 with hutyllithium is known to occur in imidazoles unprotected at positions-2 and 

-5. 4-Iodo-1-l~iphenylmethylimidazole, e.g., readily gives iu  4-lithiated derivative which can he quenched after 2 

seconds with DMF, to give the corresponding Ccarhaldehyde (83% yield).lM A two-three mol. equiv. excess of 

hutyllithium is required to react also with the iodohutane generated in the reaction. Under thest: conditions 1- 

Viphenylmethylimidazole-2-carhaldehyde (1 1%) and 1-uiphenylmethylimidazob-4,5-dicarhaldehyde are present 

also in the crude product. When a stoichiometric amount of hutyllithium is employed, the yield of I-triphenyl- 

methylimidazole-4-carbnldehyde is reduced to 50% and 1-triphenylmethylimidazole (19%). starting material 

(8%), 1-triphenylmethylimidazole-2-carhaldehyde (7%). and 4-iodo-1-triphenylmethylimidazole-2-carhddehyde 

(16%) were detected also in the crude product.124 

A similar study with 4-iodo-I-methylimidazole (47) gave 2.4-diiodo-1-methylimidazole (51) (Scheme 17) in a 

maximum yield of 40% when the reaction was quenched with iodine.135 Starling material was recovered even 

3 x BuLi - 
N 

Scheme 17 



though three mol. equiv. of butyllithium was used. The lithiated derivatives (48)-(50) were helieved to he 

present in the reaction mixture prior to quenching, suggesting that metallation in position-2 is significant in this 

case. 

An intermediate similar to 50 has been napped hy Groziak's group,m who reported isolation of aldehyde (53) 

(26% yield) (Scheme 18) from treatment of the 4-iodoimidnzole (52) with hutyllithium (THFI-78 "C) followed 

i) ~ u L i i ~ 1 - 7 8 ~ / 1 0  min 

ii) DMF 

Scheme 18 

by addition of DMF. Simultaneous formation of compound (54) is evidence of transmetallation to position-2. 

When the Zlithiated derivative of compound (52) was quenched after 15 minutes with aqueous ammonium 

chloride, imidazole (55) was ohmined (76%). The 2-deuteriated derivative of 55 was obtained with &uteriurn 

oxide as the quenching reagent, indicating transmetallation of the 4-lithiated intermediate to the Zlithiated 

derivative. Similar ~ s u l t s  were ohtained at -100 "C after IS min. 
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However, when 5-diethoxymethyl-4-iodo-1-methylimidazole is treated successively with hutyllithium (Et201-ll 

"C), DMF, and acid, it yields a moderate yield (47%) of 1-mdhylimidazole-4.5-dicxhaldehyde v i r ~  an 

intermediate 4-lithiated compound.129 

As hinted above N-protected 2.4.5-trihromoimidazobs (31) yield their 2.5-dilithiated derivatives (56; RZ = R5 = 

Li) with two mol. equiv. of an organolithium reagent (Scheme 19). 4-Bromo-1-methylimidazole is ohwined 

when the 2,5-dilithiated derivative (56; R1 =Me, R2 = R-' = Li) of 2.4.5-tlihromo-I-melhylimidazole 

Br 
i) BuLi Br 

Br N Br 7 R~ ZJ, N R= 

R l  R l  
(31) (56) 

Scheme 19 

(31; R1 =Me) is quenched with water.24 1-Benzyl-2.4.5-trihromoimidazole (31; RI = CHzPh) (Scheme 19) 

similarly yields compound (56; R1 = CH2Ph; R2 = R5 = H) (71% yield).126 When the quenching rcagent is 

dimethyl disulfide, compound (56; R1 = CH2Ph. R2 = R5 = SMe) (72%) is the product. Attempts to prepare the 

2.4.5-trilithiated derivative of compound (31; Rl = CH2Ph) with five mol. equiv. of hutyllithium resulted in a- 

(or lateral)metallation in addition to hromine -i lithlum exchange and, after quenching w~lh dimethyl disulfide. 

afforded compound (57) (33% yield).126 The hutyl group is introduced hy captulz of the hromohutane generated 

hy the initial hromine -t lithium exchange reactions. 

With two mol. equiv. of hutyllithium (THFI-70 "C) 2.5-dihromo-I-methylimidazole gives the corresponding 2.5- 

dilithiated imidazole which can k quenched with 2 mol. equiv. of DMF or chlorotnmethylsilane, to give-l- 



methylimidamle-5-carhaldehyde (48% yield; the major product is 1-mahylimidazole) or l-methyld- 

trimethylsilylimidazole (88%). respectively. The 2-suhstituent is lost on work-up (with aqmous N H ~ C I ) . ~ ~  

B N-Unprotected imidazoles 

Metallation of mono- or polyhalogenated imidazoles unsuhstituted on the ring N-atom occurs initially to give the 

N-lithiated species12.13,22,125 then, with an excess of the organolithium reagent, halogen + metal exchange is 

observed. With five mol. equiv. of hutyllithium in THF 4(5)-hromoimidazole. e.g., yields a 1.4(5)-dilithiated 

derivative which affords imidazole or 46)-druterioimidazole following addition of methanol or deukriomethanol, 

re~pectively. '~~ With lithium naphthaknide followed hy quenching with henzophenone the same substrate 

affords carhinol (58; Ar = Ph) in yields of up to 64%.22,125,137 

The yields of products derived from 4(5)-hromoimidazole are dependent on the ha.% used, the time taken to 

generate the dilithiated species, and the quantity of elzctrophilic quenching reagent added.22 Compounds (58)- 

(61) have all been prepared in this manner (22.64% yields) (teri-BuLiHFl-78 "C).22 The generation of 

compounds (59; R = W, Me, OMe, or CI) is followed hy their spontaneous aerial oxidation to the corresponding 

ketones (37.61% yield).22 in a similar study the ketones derived hy oxidation of carhinols [SY; R = H (5%). 

(61) 
X = S (62.5%) 

X = CONH (33%) 
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2-OMe (52%). 4-OMe (48%), 3,4-(OMe)2 (63%)] were ohwined hy treatment of 4(5)-hromoimidazole with 

lithiuin naphthalenide followed hy addition of the appropriate aldehyde.138 Yields of ketones were much lower 

(17% and 24%. respectively, when R = H or 4-OMe) when the quenching electrophile was the corresponding 

henzoniuile.l38 

When 4.5-dihromoimidazole is allowed to react with two mol. equiv. of hutyllithium and the resulting 1.5- 

dilithiated derivative is quenched with knzopheuone, a disappointing yield (only 17%) of carhinol (62) is 

ohtained.125 

Various polysuhstituted imidazoles are available through Watment of polyhalogenakd imidazoles unprotxted on 

the ring N-atom with organolithium reagents followed hy addition of suiwhle dectrophiles (Scheme 20) vahle 

V11).139 

With four mol. equiv. of hutyllithium followed hy addition of methanol 2.4.5-trihmmoimidazoIc (63; X = Br) 

has heen reported to give 4(5)-hromoimidazole.'36 again evidence of the greater resistance of the hromine atom 

Scheme 20 
next to the pyridine-like N-atom to undergo hromine + lithium exchange compared with the other two hromine 

atoms ("ALPeffe~t");~~2-124 4.5-dihmmaimidazole (64; X = Br, R2 = H) and 4(5)-hrom~~5(4)-hutylimidazoIe 

were obtained also. 

The yields of producIs ohtaind hy hromine -t lithium exchange of N-rrnsuhstituted hromoimidazoles are lower 

than those obtained from the corresponding N-protected compounds. Thus, the synthetic utility of these 

procedures is limited cumntly although further work should ha encouraged since protection and deprotection of 

imidazoles is wasteful of materials and time. 

V LATERAL METALLATION 

Some suhstituents on the imidazole ring, particularly Zalkyl groups, are prone to &(or 1ateral)metallation (Table 

VIII). Tenov's group reported'm that 1.2-dimethylimidazoe is metallaled hy hutyllithium (at -10 "C) exclusively 



TableVII 

Exchange at Position-2 of 2,4,5-Trihalogenated Imidazoles with Butyllithium 

X 
1) BuLi 

X B,. 2) E + X N 
R 

N 
I 1 

H H 

X R Reagent Yield (%) Ref.  

CHO 

COzH 

CH(OH)C6H3(0Me)2-2.3 

CH(OH)CgH3(OMe)2-2.5 

CH(OH)C6H3(OMe)2-3.4 

SBu 

H 

CHO 

C02H 

SBU 

DMF 

CoZ 

2,3-(Mc0)2CgH3CHO 

2,5-(Me0)2C6H3CHO 

3.4-(Me0)2CgH3CHO 

Sg. BuI 

H30+ 

DMF 

C% 

Sg. BuI 



Table VIIl 

lmidazoles Synthesised via Lateral Metallation? 

Substituentb Products Reagents Yield (%) Ref.  





Mc?Si 

I 
SEM 

Mc?Si 

I 
SEM 

M@i 

I 
SEM 

Aim (R' = R2 = H) 

Aim (R1 = R2 = H) 

Aim (R1= ~2 = ~ 1 )  

Aim (R1 = H. RZ = 4-Me) 
MeS 

MeS 

Mel 

DMF 

BuBr 



OHC 

K.ksMe BuBr MeS 

Ph A Bu 

Aim (R1 = 4-C1, R2 = H) PhCH2C1 

Aim (RI = 4-Me, ~2 = H) PhCH2CI 

Aim (R1 = R2 = 2.4-C12) 2,4-C12C6H3CH2Cl 

Aim (R1 = 2.4-C12, R2 = 4-Ph) ~ - P ~ C ~ H J C H ~ C I  

Aim (R1 = Ph, R2 = H) PhCH2CI 

PhCO .A Bzt 

a Wilh BuLi unless stated otherwise. h Substituent laterally melallated. GABBREVIATIONS USED: Mim = I-methylimidazol-2-yl; 
Mom = I-methoxymethylimidazol-2-yl; Eom = I-ethoxymethylimidazol-2-yl; Dam = 1-dimethylaminomethylimidazol-2-yl; Aim =(see formula) 

; 2-Py = pyrid-2-yl; = benzotriazol-1-yl; TMS = Me3Si; SEM = Me3SiCHzCH20CH2. P With LDA. Ar = Ph, 
C&Br-2(014). c 6 W - 4  c6H&Me-4. C6H3F2-Z24, C6H3C12-2,401 C6H3(oMe)2-%4. With ~ ~ ~ - B u O L ~ X D A .  l Yield 
after deprotection during which simultaneous oxidation at phosphorus occurs. R = CHz=CMe(CH2)2 CH=CMez (product 
reacts further). i As a mixture of diastereomers. i Yields of products after removal of 1-SEMG and 5-TMS protecting groups 
("one-pot" reactions starting with 2-phenylimidazole). !!Reaction canied out at ambient temperature. 1 I-(4-Chlorobenzyl). 
imidazole is metallated by butyllithium both at position-:! and in its N-C, methylene group. The resulting anion has been 
quenched with 4-chloro- and 4-methoxybenzophenone.18 
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at position-5 to give, after addition of suitable quenching reagents, compounds [65; R = Br (26%). I (45%), 

CHO (20%), CH(0H)Ph (59.5%), C(0H)Phz (73%)1. By contrast, others have reported the isolation of a 

mixture of compounds [65; R = CH(OH)Ph] and [66; R = CH(OH)Ph] following successive treatment of this 

substrate with butyllithium (at 0 Y3140.146or phenyllithiuml47 and benzaldehyde. To funher complicate the 

picture, exclusive a-(or latera1)metallation is suggested by the isolation of compounds 166: R = CH(0H)pyrid-2- 

yl1(66% yield) (BuLi-15 'C, then pyrid-2-ylCHO) and (67) (19%) (BuLi also).ll6 We have carried out a 

detailed investigation of the metallation of 1.2-dimethylimidazole with butyllithium and other reagents.118 The 

results show that products arising from exclusive lateral metallation 166; R = CH(OH)C&Me-4 (82% yield) or 

CH(0H)pyrid-2-yl(67%)1 or exclusive metallation at position-5 [65; R = D (50% deuterium incorporation), 

SiMe3 (72%), SnMe3 (58%). SnBu3 (difficult to purify)] may be obtained or mixtures of both types of product, 

(65) and (66) [R = SMe, C(OH)Ph21, may be formed depending on the metallating agent, reaction conditions, 

and the quenching reagent. The product chimed to he compound [65; R = C(OH)Ph21 by Tertov's group140 was 

shown to be its isomer [66; R = C(OH)Phz1.118 The conditions best suited to lateral metallation in the 2-methyl 

group include the use of butyllithium in ether in the presence of TMEDA or in ether but ur - I I O  "C, hutyllithium in 

THF, or LDA in ether.118 The results of this investigation suggest that the laterally metallated product is more 

stable than the 5-lithiated product The 5-lithiated product can be obmined by treatment of 1,2-dimethyl-5- 

trimethylstannylimidazole with butyllithium in THF at -1 10 "C; withdimethyl disultide or henzophenone added at 

this temperature the 5-substituted compounds [65: R = SMe (100%), C(0H)Phz (94%)1 are formed exclusively. 

However, if the reaction mixture is allowed to warm up (e.g. to -20 T ) ,  the initially formed 5-lithiated compound 

equilibrates with the more stable latenlly metallated species and, following addition of henzophenone, a mixture 



of carhinols (65) and (66) [R = C(OH)Ph2] is fnrmed instead."8 Repeated lateral metallation of 13-dimethyl- 

lmidazole in its 2-methyl group (Et20lamhient temprature) and quenching with dimethyl disultide leads to 

compound (68) (41% yield)."s 

I-Dimethylaminomethyl-2-methylimidazole is i:~terally meollated with hutyllithium (THFI-78 "C) in its 2-methyl 

group and the resulting anion can he quenched with henzyl chloride and a numher of its derivatwes (Tahle VIII) to 

give the comsponding 2-arylethyl derivative.'r) 

A 2-(1-propen-2-yl)-suhstituent has k e n  repofled"" to undergo lateral metallation with hutyllithium in THF at -78 

"C in the presence of HMPA and triethylalumininm and the resulting anion has h e n  wapped with various 

carhonyl compounds. 

Lateral metallation has h e n  reported for the 2-methylthio group in compound (69; R' = CH20Me. R~ = H).',3 

Similar meollation of compound (70) (Scheme 21) with LDA gives a lithium derivati\;e whose lithium atom is 

chelated with the ring N-atom; reaction with knzaldehyde is stereocontroll&l as a consequence and a 5:l mixture 

of the diastereoisomers of compound (71) is ohtained.145 Compound (72; R = H) reacts with hutyllithium 

(THFI-78 "C) to give, after quenching the resulting anion with trihutylstannylmethyl iodide, what is helieved to he 

compound (72; R = CH2SnBu3).IU The initially generated anlon reacts further with this compound as it forms 

to give compound (72; R = s n ~ u 3 j  (31% yield) and the lithium salt of 1-mmhylimidazole-2-thiol. which is 

captured by the added tributylstannylmethyl iodide to produce compound (69; R' =Me. R Z =  SnBu3) (43% 

yield). Starting material (72; R = H) (14%) is recovered whilst the major product is the eliminated 4% 

dimethylnonn-1.3.7-triene (45%). 



0, N s 9 i) LDA -- CJ, 
ii) PhCHO 

I I N 
Me I 

0 Me I 
0 Ph 

Scheme 21 

The 2-phenyl groups in I-ethoxymethyl- and I-trimethylsilylethoxy1netliyl-2-plie1iyl-5-tt1netlylsilylimidolc alr 

ortho-lithiated hy hutyllilhium (THFI-78 "C) and the resulting anions can he quenched with vatious elcctrophiles 

(MeOD, MeI, MezSz. DMF) (Tahle VIII).~"tm.ting with 2-phenylimidazole thc I - and 5-protecting groups can 

bc introduced, the suhstitucnt introduced into the phcnyl ring, and hoth proecting groups rclnoved all in one pot 

(38.41% overall yields). I-Etl~oxymcthyl-2-phenylimidx~(>Ie is dilithiated with an excess of hutyllilhium (TMW- 

20 "C) in position4 and in the ortho-position o l  the phenyl ring; quenching with an cxcess of DMF yields h e  

corresponding dialdehyde in good yield hut addition of one mol. equiv. of DMF also yields the dialdehyde 

together with suning material.16 A monoaldehyde is not availahlc vkr this route. 

The C-4 methylene group in 4-henzyloxymethyl-I-t~iphcnyltnctl~ylimidazole (73) is laterally mctallated.70 

Noteworthy are the fluoride ion desilylation rcactions ol'compounds (74; R = H)148 and (74; R = SMe)I4" 

which give stahilised N-C, anions that react with various reagents, e.g. aldehydes and kctoncs to give 

compounds (75; R1 = H. SMe; R~ = Ph. C6H4C1-4; R3 = H. Me. Ph) (22.89% yields). 

Lateral melallation of an N-henzyl group has k c n  mentioned in Section 1I.A in connection with (he isolation of 

compound (12) and in Section 1V.A in connection with the formation of compound (57). The N-henzyl 



protecting group possesses this disadvantage as an N-protecting group and its lateral metallation is prohahly 

responsible for nonquantitative 2-metallation of such protected compounds and the low to moderate yields of 

I 
CPh, 

products given in Tahle VIII. It has been suggested54 that the 2-lithiated deriva tives (76) are more favoured hoth 

kinetically and thermodynamically than their laterally metdlated isomers (77) but the mechanism of yuilihration, 

(76) (77). is unknown. The dilithiated derivatives (78) are readily generated in the presence of a slight excess 

of butyllithium'9 (but see also ref. 94). 

ortho-Lithiation of 1-phenylimidazole has been mentioned in Section 1I.A. 

Dilithiation (three mol. equiv. trrt-BuLimlFl-65 T) of the diimidazopyrazine (79; R = H) is 85% complete afer 



30 minutes with no further change, as shown hy a deuterium oxide quench.lJ0 Compounds ( (79):  R = Me 

(MeU54% yield); R =PI  (PrBd53%) (PrI/72%); R = iso-Pr (isu-PrU4Y%); R = (CH2)qM.e [Me(CH2)4Br/71%1] 

[Me(CH2)qV74%1; and R = CH2Ph (PhCH~Brl23%) (PhCH2U25W)) are ohtained following addition of the 

appropriate alkyl halide and these are hydrolysed in hot aqueous sodium hydrogencarhowate solution to give the 

corresponding 2-dkanoyl(COR)imidazole.150 

With sodium hydride in DMF, lateral metallation of the 2-methyl group occurs in 1,2.3-trimethylimidazolium 

iodide. In the presence of iodomethane the 2-ethyl derivative is formed, then the 2-isopropyl derivative.'02 

Steric factors apparently prevent further alkylation of the latter product. 

VI OTHER ORGANOMETALLIC DERIVATIVES 

N-Protected imidazoles arc metalbated in position-2 in hot THF with ethylmagnesium hromide36l(l-153 or 

chloride (Scheme 22).'54 

Scheme 22 

4- And 5-chloro-I-methylimidazoles fail to react with magnesium15S unless the entrainment technique is used.152 

e.g.with dihrommthane in hot THF. Use of hromoethane results in competition hetween folmation of the 

Grignard compound at position-4 or -5 and metallation in position-2.152 In ether or cold THF the magnesium 

bromide or ethylmagnesium hromide formed initially gives insoluhle co-ordination complexes with the imidazole 

which screen the surface of the magnesium. thus inhihiting the naction.l52 For the formation of 4- and 5- 

trimethylsilylimidazobs it is preferahle to hling together the chloro(or hromo)imidazole, magnesium, and 

chlorotrimethylsilane in a "one pot" procedure.l21 

There is evidence that the formation of I-methylimidazol-4(or 5)-ylmagnesium hromides is accompanied hy a 

transmetallation process with position-2 of the starting material. Following quenching with a suitahle electrophile 

a mixture of 4(or 5)-suhstituted I-methylimidazole and the corresponding 2-suhstituted 4(or 5)-chlom-I- 

methylimidazole is ohtained.ls2 However, treatment of N-protected 4-iodoimidazoles with ethylmagnesium 
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hromide in dichloromethanel56.l57 or ether12%134 generates the comsponding Grignard derivative which can he 

quenched with various electrophilic reagents (Tahle IX). There was no evidence in these reactions for 

rearrangement of the initially generated imid;lzol-4-yl anion. 

A note has appeared's6 which proposes that the reactivity of N-protected imidazol-4-ylmagnes~um salts can he 

modified hy addition of other metal salu (e.g. ZnCI2, CuCN). 

N-Protected 2,4,5-uihromoimidazolas also react with ethylmagnesium hromide in ether, THF, or knzene at 

po~ition-2;~~,'~5.13o hydrolysis of the resulting Grignard compound usually leads to the col~esponding 

N-protected 4.5-dihromoimidazole. However, choice of solvent can he important. 

Br 
i) EtMgBr 

11) H20 
Br N 

I I I 
Me Me Me 

(80) (81) 

Scheme 23 

Thus, whilst 2.4.5-trihromo-1-methylimidamle reacts with ethylmagnesium hromide in ether at amhlent 

temperature to give, after hydrolysis, exclusively 4.5-dihromo-1-methylimidilzole (80) (Scheme 23) (81M yield), 

in THF the same procedure yields a I:l mixture of compound (80) and its isomer (81).'3" 

4.5-Dihromo-1-methylimidazole (80) reacts with 2.5 mol. yuivs. of "activated magnesium" in HMPA to give, 

after addition of chlorouimethylsilanc. 4-hromo-I-methyl-5-vimethylsilylimid.azo1e (77%, yield).l21 A 4.5- 

bis(silylakd) derivative has k e n  prepared similarly (Scheme 24). 

Br 
i) excess "Mgm'mHF 
_____t 
11) Me,SiC1 

N 
I I 

~e Me 

Scheme 24 



Table IX 

Imidazoles Prepared via Grignard Intermediatesi%b 

R j Solvent Reagent Yield Ref.  
(%) 

0 < 

H H (Br) Br Br THF ~ 3 0 +  67 125 .m ! 
< 

Me COPh (H) H H - PhCN 60 36 0_ 

'4 a 

Me Co(4-P~)r (HI H H - 4-PyCNC 30 36 z P 
3 

Me CH(0H)Ph (H) H H THF PhCHO 85 151 S 
2 

M? CH(0H)CgHqCl-2 (H) H H THF 2-CIC&CHO - 153 

Me CH(OH)CsH4Me-2 (H) H H THF 2-MeC6H4CHO - 153 

M d  CH(OH)C&N@Cl-2.5 (H) H H THF 2.5-(02N)CICgHjCHO 43 154 

M? CH(OEth (1) H H EtzO/C& HC(OEt)3 65 134 

W CH(0H)Ph (H) Cl H THF P ~ C H O  77, 9.5 151, 152 

M? CH(0H)Ph (H) H C1 THF PhCHO 87. 7.5 151, 152 



Me 

Me 

Me 

Me 

Me 

Mee 

Me 

Mee 

Me 

Me 

'Me 

Me 

Mee 

hk 

Me 

Mee 

Me 

Me 

CH2Ph 

CH2C6H40Me-4 

CH2C6H40Me-4 

H 

Br 

Br 

CH(0H)Ph (Cl) 

C(OH)Ph2 (CI) 

SiMej (Cl) 

CH(OEt)2 (Br) 

SiMe3 (Br) 

W W 2  (1) 

CH(OEO2 (1) 

H 

H 

H 

Br 

H 

Br 

H 

I 

Br 

Br 

Br 

CI THF 

Br C6H6 

Br El20 

H THF 

H THF 

H THF 

H Et20/C6H6 

SiMej (Br) THF 

H Et20/C& 

CH(OE02 CHzC12 

CH(0H)Ph (Cl) THF 

C(OH)Ph2 (CI) THF 

SiMej (CI) THF 

H (Br) - 

CH(OEt)2 (Br) Et20/C&j 

SiMe3 (Br) HMPT 

CH(OEt)2 (I) Et20/C& 

CH(OEt)2 (I) Et20 

Br El20 

Br THF 

Br El20 

PhzCO 

Hz0 

H20 

PhCHO 

Ph2CO 

MejSiCI 

HC(OEt)3 

MeSiCl 

HC(OEt)3 

HC(OEt)3 

PhCHO 

Ph2CO 

MejSiC1 

Hz0 

HC(0Et)j 

MejSiC1 

HC(OEt)3 

HC(OE03 

aq. N b C l  

aq. N b C I  

Ph2CO 



Br 

Br 

Br 

Br 

CH?CH=CH? 

2-Py 

COPh 

CONHPh 

CH(0H)Me (I) 

CH(0H)Me (I) 

CH(OH)(CHz)3C%Me (1) 

CH(OH)CH=CH2 (I) 

CH(OH)CF=C(SMe):! (I) 

CH(0H)Ph (I) 

C(OH)(C6QCI-4)2 (1) 

C(OH)(CdWI-4)2 (1) 

SiMe3 

SePh 

teuahydropyran-2-yl 

THF 

El20 

El20 

Et2O 

THF 

CH2Cl2 

CHzCI? 

CH2CI2 

THF 

CH2Cl2 

CH2CI2 

CH2C12 

CH2Cl2 

CH2C12 

THF 

CH2C12 

CH2C12 

CH2C12 

CH2C12 

aq. N h C I  

aq. NQCI 

aq. NHdCI 

aq. N h C 1  

CHz=CHCH?Br 

2-PyBr 

PhCN 

PhNCO 

MtCHO 

McCHO 

Me02C(CH2)3CHO 

CH2SHCHO 

(MeS)2C-XFCHO 

PhCHO 

(4-C1CgH4)2CO 

(4-ClCgH4)2CO 

Me3SiOS02CF3 

PhSeCl 

phenyl teuahydro- 
pyran-2-yl sulfone 



H N-fomylpiperidin-2-yI H CH2CI2 N-formylpiperidin-2-yl 65 158 
phenyl sulfone 

Ph COPh (H) H H - PhCN 85 36 

Co(4-P~)r  (H) H H 

H CH(0H)Ph (1) H 

H CH(0H)Me (1) H 

H CH(OH)(CH2)2CH=CMe2 (I) H 

H C H ~ C H ( O H ) P ~ ~  H 

H CH(0H)Ph (I) H 

H C(OH)Phz(I) H 

H CH(0Et)z H 

- 4-PyCNc 

CHzCll PhCHO 

CHzClz MeCHO 

CH2CIz Mc2C=CH(CH2)2CHO 

CH2C12 cyclopentanone 

CH2Clz 2-phenyloxirane 

CH2Clz PhCHO 

CH2CIz PhzCO 

CH2C12 PhOCH(OEt)2 

a With EtMgBr unless stated otherwise. h (H) or (Br) means metallation or halogen + metal exchange at the position indicated. S ABBREVIATIONS 
USED: 4-Py = pyrid-4-yl; SEM = Me3SiCHzCH2OCH2. With EtMgC1. With Mg. I Grignard reagent convened to cuprate through addition of 
CuCN.2LiCI. e Grignard reagent convened to zincate through addition of ZnBr2; coupling with pyrid-2-ylBr required a catalytic quantity of Pd(PPh3)4. 
h Isomer with 4-substituent = CHPhCHzOH (41% yield) formed also. 
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Apan from this paper, however, there hwe k e n  no other reports to dute of polymetallation of imiduzoles viri the 

use of or formation of Grignard reagenls. Tahle IX lists the imiduzoles that have heen prepred from G~ignard 

reagents. 

Imidazoles (82; R1 = Me. CHzPh, Ph; R5 = H, CI) are metallated hy phenylsodium in toluene in position- 

2119,159 and the resulting sodio derivatives can he quenched with various elecuophiles. Similar results are 

ohtained with sodium naphthulenide.134 A report140 (see also ref 119) that 1.2-dimothyl~midazole is metallakd 

exclusively in position-5 with phenylsodium has k e n  shown to he incorrect; lakral metllllation occurs instead in 

the 2-methyl group (Section ~ ) . " 8  

Potassium diisopropylamide-lithium tert-hutoxide (KDA) (THFI-78 "C) metallates compound (83: R = H) in 

position-4; the resulting imidazol-Cyl anion was quenched with dimethyl disulfide, to give the ktrasuhstituted 

imidazole (83: R = SMe).12.I17 

4-Allyl-1-triphenylmethylimidazole (91% yield) can he prepared hy successive addition of CuCN.2LiCl (THF in 

this case) and ally1 bromide to 1-ttiphenylmethylimidazol-4-ylmagnesium hromide (see klow).lr8 Addition of 

zinc chloride to the Grignard compound to give the 4-zincate, followed hy addition of telrahydropyranyl(84) or 

(84) X = 0 

(85) X = NCHO 

CPh? 

(86) X = 0 

(87) X = NCHO 



piperidyl sulfone (85). gave the corresponding derivative (86; 53%) or (87; 65%). r e spec t~vc l~ .~~X Addition of 

zinc hromide followed hy a catalytic quantity of Pd(PPh3)& then 2-hromopyridine gave 4-pynd-2-yl-1- 

Viphenylmethylimidazole (66% yirld).'58 

The presence of two cyano groups in 2-hromo-4.5-dicyano-1-methylimidamle allows insertion of zinc into the 

C-Br hond.160 The resulting organozinc hromide can he coupled with 1-iodooct-I-ene using bis(knzy1idene- 

acetone)palladium(O) [Pd(dha)2] and triphenylphosphine as catalyst, to give the alkene (88) (41% yield). 

2-Fluoro-1-triphenylmethylimidazol-4-ylcoppr has k e n  synlhesised hy reacting the colresponding l~thium 

delivative with cuprous iodide and quenching with ally1 hrornide (see previously in this Section).lnS 

lmidazole is mercurated in the 4(S)-position and its 4(5)-alkyl derivatives are mercuratcd aQacent to the alkyl 

group.161,'62 These mercurated derivatives react with 21 1Atn2 to give 2"Atastatolmidacoles. 

We have referred throughout this review lo ihe synthesis and spplication of various silicon and tin derivatives of 

imidazole. 
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