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METALLATION AND METAL-HALOGEN EXCHANGE RFACTIONS OF IMIDAZOLES

Brian Iddon
The Ramage Laboratories, Department of Chemistry and Applied Chemistry, University of
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Abstract - Imidazoles synthesised via organometallic derivatives, particularly
organolithium derivatives prepared by metallation and metal-halogen exchange reactions,

are veviewved.

Contentst
1. INTRODUCTION
2, ORGANOLITHIUM DERIVATIVES
2,1 Monclithiated Derivatives Prepared by Metallation in the Ring
2.2 lateral Metallarion
2.3 Dilithiated Derivatives Prepared by Metallation in the Ring
2.4 Mono- and Poly-Lithiated Derivatives Prepared by Metal-Halogen Exchange
Reactions
3. GRIGNARD DERIVATIVES

4. OTHER ORGANOMETALLIC DERIVATIVES

1, INTRODUCTION
Despite the considerable industrial impertance of imidazoles and the widespread interest in
their chemistryl_a many simple imidazoles are not readily accessible, Thus, for example, 4{5)-

methoxyimidazole (1) was unknown until recentlys‘6

N
Rmﬂ
H

(&) R = OMe

and a synthesis of imidazole-4(5)-thiol (2} has

(%) R = 5H

not been reported as far as we are aware, It appears to us, therefore, that there is a need for

further versatile syntheses of imidazoles, preferably starting from cheap, commercially available,
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materials such as the parent ring system which, at the time of writing, costs around £12,50/kg
(for small quantities}.

Surprisingly, with the exception of imidazol-2-yl-lithium reagents, the use of organometallic
derivatives of imidazoles in synthesis has not been exploited.7 Thus, in order to promote the use
of such reagents, we assemble here the already published literature. First we review crganolithium
reagents, then cover the sparse literature on other crgancmetallic derivatives,

2. ORGANOLITHIUM DERIVATIVES

2,1 Monolithiated Derivatives Prepared by Metallation in the Ring

Since the early work of Shirley and Alleys in 1957 and Roe9 in 1963 successive metallation of
suitably l-protected imidazoles and reaction of the resulting imidazol~2~yl-lithium compounds with
a variety of electrophiles has yielded a range of 1,2-di- (Table 1) and poly-substituted imidazoles

(Table 2) (Scheme 1). The advantages and disadvantages of the various protecting groups and their

N )Rl N N
L) e LI_YIITD R? UyJr?
R R H
SCHEME 1

ease of removal have been discussed in a recent paper by Chadwick and Ngochindo.lo Imidazoles not
protected at the ring nitrogen atom are metallated in this position and the resulting l-lithia-
derivatives can be alkylated.11’12

1-Methylimidazole has been studied more than any other compound {Table 1), presumably because
it is commercially available, The mpm:t8 that it metallates with n-butyl-lithium mainly in the
2-position but also to a minor extent (< 2%) in the 5-position was based on isolaticn of the two
menocarboxylic acids following carbonation of the mixture, Chadwick and NgochindolO have shown,
however, that the 5-carboxylic acid arises by decarboxylation of the imidazole-2,5-dicarboxylic acid
(see ref, 40; this refers also to the sensitivity of imidazole-Z-carboxylic acids to decarboxy-
lation) which arises by carbonation of a trace of the 2,5-dilithiated derivative. When the
reaction mixture is treated with ethereal diazomethane prior to work-up, dimethyl l-methylimidazole-
2,5~dicarboxylate can be isolated.10

The claim made by Japanese workersl® that 1-benzylimidazole metallates to a significant extent
in the 5-position is prcbably a mistake.10 The reaction mixture was quenched with 2,3:5,6-d41-0-
isopropylidene-L-gulono=1,4~-1actone, which gave two products; the major product (30% vield) was
derived from l-benzylimidazol-Z-yi-lithium whilst the other (12% yield) was assumed to be Chat &)
derived from l-benzylimidazol-S-yl-lithium, However, PBreslow gﬁ_gl.lb and Chadwick and Ngochindolo

have found that 1-benzylimidazole can metallate to a significant extent in its methylene group as

well as in the 2-position; the extent of benzylic metallation increases with temperature and the
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SYNTHRESIS OF 1,2-DISUBSTITUTED TMIDAZOLES VIA METALLATTION OF 1-SUBSTITUTED IMIDAZOLES

TABLE 1

N
U\ Jr2
Rt

R R2 Reagent Yield (%) Ref.

Me Me MeZSOz. 68 15

Me F FC10, 55 16

Me Br Br:2 80 16

Me 1 L, 95,69 ,80 16,17,18
a

Me SMe M3252 24— 19

Me coH co, 32307 8

Me co,Me C1C0,Me 485 19

Mea COzEt ClCOZEt 10 8

Me CHO DMF 65 15

Me CH(CH)}Me MaCHO 35 20

Me C(GH)Ph, Ph,CO0 162 86,40-87%, - 19,8,21,22

Me C (OH)MePh PhCOMe — 22

Me € (oH)Bu"Ph PhCoBu™ — 22

Me C(DH)MeCEHlfl_n MECOCEIHI.B_U _ 22

Me M e 0 — 22

cloHMel
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SYNTHESIS OF PQLYSUBSTITUTED IMIDAZOLES VIA METALLATION IN THE 2-PQSITION

N
JR2
1

R R R R Reagent Yield (%) Ref.

Me I H c1 1, 54,69 17,45
Me CH{OH)Me H Me MeCHO 30 20
Me CH(OH)Me H cl MeCHO 54 20
Me CH(OH)Me Me H MeCHC —_ 20
Me CH(OH)Me Ph H MeCHO 62 20
Me CH(OH)Me cl it MeCHO 48 20
Me CHEOH) Me Br H MeCHO — 20
Me CH(OH)Me Me Me MeCHO 24 20
Ph I H cl I, 54 17
CPh, No, Me H 2roNe, 502 37
CPh, No, CH,,OH H PrnONOZ 202 37
CH(OEL), CHO Me Me DMF g2l 40

N—nMe .
CH(OEL), P QEME Me Me PCl, 46~ 40
Me
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HETEROCYCLES, Vol. 23, No. 2, 19835

amount of n-butyl-lithium used.* At 20°C and with a ratio of m-butyl-lithium to imidazole of 2,0:1
compound (Q) (647 yield) can be isolated after addition of iodomethane.lo 1-Benzylimidazol-2-yl~
lithium reacts with quinoline in the expected manner, to give the product (é) arising from initial

azomethine bond additinn.s

N = = N _
W=y C=0
CHoPH

(3) )
1-Phenylimidazole is metallated normally in the 2-position with one mel. equiv. of n-butyl-
lithium (Table 1) but, with three mol. equiv. of this reagent, metallation occurs both in the
2-position and in the ortho-position of the substituent, as shown by isolation of a low yield (5%}
of compound (f) following successive treatment of the product with carbon dioxide and aCid.S
n=Butyl-lithium is the reagent most often used to metallate l-substituted imidazoles but other
organolithium reagents, such as methyl-lithium, have been empleyed, Lithium di-iscpropylamide (LDA)

38,39 However, the

metallates 1-(quinol-3-vl)imidazole in the 2-pesition in tetrahydrofuran (THF).
initially generated 2-lithio-derivative undergoes azomethine bond addition with the starting
material, to give an intermediate (1} (Scheme 2) which is metallated further in the vacant imidazole
2-position. This is followed by intramclecular azomethine bond addition and isclation of the
racemic macrocyclic dimer (8) following hydrolysis of the resulting dilithium compound with water

and oxidation of the product with potassium permanganate.38’39

*
1-Benzylpyrazcles are metallated faster in the benzylic methylene group but the products rearrange:
A.R. Ratritzky, C. Jayaram, and $.N. Vassilatos, Tetrahedronm, 1983, 39, 2023; see also

AR, Katritzky, A.E. Abdel-Rabman, D.E. Leahy, and O.A, Schwarz, Tetrahedron, 1983, 39, 4133,
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SCHEME 2.

Tertov and Morkovnikzl used lithium naphthalenide to metallate l-methylimidazole and trapped
the 2-lithio-derivative with benzophenone (Table 1). 1-Phenylimidazole, by contrast, was not
metallated by this reagent, nor with sodium naphthalenide.zl

Interestingly, and presumably because of steric hindrance from the l-substituent, 2-fluoro-l-
triphenylmethylimidazole is metallated directly in the 4-position by t-butyl-lithium in THF, even
at -75°C! The resulting imidazol-4-yl-lithium compound (9) reacts with NN~dimethylformamide (DMF)

to give a good vield of the aldehyde (%Q).&7

Rér—N N
U iUy Jsp
CPh3 CH20R

(9 R*=1i Gy R

ao R - cHo (12) R =Et

Me

Literature claims to the synthesis of l-benzyl- and l-methyl-imidazol-5-yl-lithium have been
mentioned already in this Section; in the next Section we refer to 1,2-dimethylimidazol-5-yl-
lithium, The two imidazol-5-yl-lithium compounds (11} and (k%) have been prepared by Breslow and
coworkersl by direct metallation of l-methoxy{or ethoxy)methyl-2-phenylthioimidazcle with LDA; use
of n-butyl- or t-butyl-lithium was reported by this group to result in C-5 bond cleavage. However,
we have used n~butyl-lithium to prepare these lithium compounds without becoming aware of this

l;nroblem.lz"’:'1

1-Ethoxymethyl-Z-phenylimidazole is metallated similarly in the S5-position with
n-butyl-lithium in THF.42 Several 1,2,5-trisubstituted imidazoles (Table 3} have been prepared

from these imidazol-5-yl-lithium compounds.

Monolithiated imidazoles are available also via metal-halogen exchange reactions (Section 2.4),

2.2 lateral Metallation

In 1967, Tertov et gk.éa reported that 1,2-dimethylimidazole 1s metallated exclusively in the

—430—



TABLE 3

HETEROCYCLES, Vol 23, No. 2, 1985

SYNTHESIS OF 1,2,5-TRISUBSTITUTED IMIDAZOLES BY METALLATION OF 1,2-DISUBSTITUTED IMIDAZQLES

n
r) 2I)LDA Bu''L| SE—JRZ

—431—

R R R Reagent Yield (%) Ref.
CH,0Me SPh CH{OH) Ph PhCEO 18 14
CH,0Me SPh C{OH) (4m) 23 (Ee0) ,CO 70 14
CH,,0Me &Ph CH(OH) (im)2 HCO, Et — 14
CH,0Et Ph CH,OH HCHO - 42
CH,0Et Ph €O, Lt C100,Et — 42

I}

CH, 0Bt Ph CH{OH) _[; UPh ECO, te 70 42
CH,OEt Ph (Et0) 00 85-92 42
byl 2

G(OH) N Ph
CH,OEt SPh CO,H <o, 99 12,41
CH,0Ft SFh SMe Me, S, 83 12,41
CH,0EL SPh SPh Ph,S, 100 12,41
CH,0EE SPh SCH,CH(OFE) [ (Et0) ,CHCH,S1, 31 12,41
CH,OEL SPh CH(OH)C H, Me= 4-MeC,H, CHO 62 12,41
CH,OF¢ 5Ph € (OH) (1m) CONMe ,= E0,C. CONMe, — 14
Foatnate: = (im) = l-ethoxy‘(or methoxy)-2-phenylthicimidazol-5-yl.
20 Dy )
N--Tie ﬁ 2
Me e
(133 = C(OH)Ph2 (18) R=1D (23} R~= C(OH)Ph2 (260 R = CH(OH}C H, Me~4
(L4 = CH(OH)Ph (12) R = she {24) R = CH(OW)Ph (2D R = SMe
(%) = CHO (20) R = SiMe, {23) ® = CH{OH}pyrid-2-yl
(16) =1 (21) R = SnMe j
i AR 3
- R [ CHoC(OH) N
(1D Br (22) R = soBuj 2 | yPh

QR Me 2




5-position (a similar claim was made for its reaction with phenylsodium; Section 4); they reacted
the product with benzophenone (737 yield of product), benzaldehyde (59.5%), DMF (20%), icdophenyl-
acetylene (48%), and N-bromodiethylamine (26%), to give what they ¢laimed to be compounds (%%)-(%{),
9

) . . . . . 4
respectively, in the yields, indicated. However, in 1974 and 1975, respectively Noyce et al.

(using n-Bu'Li in EtZO) and Godefroi et 5&.50 (using PhLi in C Hﬁ) showed, using benzaldehyde as

6
the trapping reagent, that the picture was not quite so clear cut; both groups lsolated different
mixtures of the two alcohols (14) and (24), depending on the organclithium reagent used and the
reaction conditions. To further complicate matters, a reportsl appeared in 1979 that mecrallation
of 1,2-dimethylimidazole with n-butyl-lithium in ether at ~15°C and reaction of the product with
pyridine-2-carbaldehyde gave only the alcchol (23} arising from exclusive lateral meralliation.
Similarly, lateral metallation of 1,2-dimethylimidazole with n-butyl-lithium in THF and
condensation of the product with di(l-methyl-2-phenylimidazol-4-yl) ketone is claimedaz to give
exclusively compound (28) (137 yield).

we52 have studied the merallation of 1,2-dimethylimidazole under a variety of reaction
conditions and shown that, after quenching reaction mixtures with suitable reagents, szingle
products may arise from lateral metallatiem in the 2-methyl group [e.g. compounds (%2} and (26)] or
from metallaticn in the S5-position [e.g. compounds (&Q) and (%Q)—(%%)] or mixtures of both products
[e.g. mixtures of compounds (%%) and (%%) or (%g) and (%%)] may arise, depending on the metallating
reagent and reaction conditions. The nature of the product appears to be related to the "hardness"
or "softness'" of the quenching reagent.52 The product isclated by Tertav g&_§£348 uging benzo-~
phenone as the trapping reagent and believed to be alcohol {l13) was shown52 to be alcohol (%g)
{both alcohols are produced and are separable by fracticnal crystallisation). Exclusive lateral
metallation in the 2-methyl group is possible under a wariety of reaction conditions (BunLi/TNEDA*/
Et,0; Bu"Li/THF; LDA/EE,0; BunLi/EtZO but enly at -110°C!; or PilNa/Et,0 - see Section 4).

1,2-Dimethyl-5-trimethylsilylimidazole (29} is metallated exclusively by n-butyl-lithium in
its 2-methyl group, as shown by quenching rhe product with benzophencne, which gives only alcohel

(%2).52 When the corresponding tin compound (21) is subjected to the same reaction conditiens,

i B
Me3S|rN CH2C(0H)Phy
Me
R
however, the only isplable product is alcohol (%%). This suggested to us that the initially

generated 1,2-dimethylimidazol-5-yl-1ithium undergoes transmetallation reacrions at this temperature

*
TMEDA is ¥NN'N'-cetramethylethylenediamine,
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HETERCCYCLES, Vol. 23, Ne. 2, 1985

prior te addirion of the quenching reagent. When the tin compound (21) was treated with n-butyl-
lithium in ether but at —11006, then quenched with benzophencne or dimethyl disulphide, it gave
only cempound (13) or (1), respectively.52 If the solution of the lithium compound was allcowed to
warm up prior to quenching with benzophenone, then a mixture of alcohols (%é) and (%Q) was obhtained.

We consider that 1,2-dimethylimidazole is metallated faster in the Z-methyl group than in the
5-position and that transmetallation reactions occur if the initially generated lithium compound is
allowed to stand, especially at higher temperatures,

1-Methoxymethyl-2,4,5-trimethylimidazole is metallated exclusively in its 2-methyl group and
the resulting lithium derivative reacts with di{4,5-di-isopropyl-l-methylimidazol~2-y1l) ketone to
give compound (39) follewing hydrolysis cf the mixture.25 Compound (31) may be prepared similatrly
(33.5% yield) via lateral metallation of I-ethoxymethyl-2-methylimidazole with n-butyl-lithium in
THF and condensation of the product with di(l-ethoxymethylimidazecl-2-y1} ketone.AZ Reaction of
l-ethoxymethyl-2-lithiomethylimidazole with diethyl carbonate is claimed&2 to give ethyl 2-{1-
ethoxymethylimidazol-2-yl}acetate (237 vield). 1-Methoxymethyl-2-methylthicimidazole is metallated

in its 2—methy1thio—gr0up14 whilst 4-benzyloxymethyl-l-triphenylmethylimidazole (32) is metallated

Mer—N N—Pri
MEENitHZUOHLJ{NUPH (a
CH72OMe M PhCH»OCH [T—N
2 a 2 2 thJJ

_ CPh3

N N
mJCHzt(OH)-—Qm (34 32

CHoOEt CH0Et]

in the methylene group attached to the ring at C-

4.37 We have referred already (Section 2.1) to

metallation of 1-benzylimidazole in its benzylic methylenme group.

2.3 bilithiated Derivatives Prepared by Metallation in the Ring

The first dilithiated derivative of imidazole, reported inm 1973, was prepared by metallation of
l-methylimidazole with twe mel. equiv. of n-butyl-lithium; addition of chlerotrimethylsilane gave a
low yield {32%) of 1-methy1—2,5—bis(trimethylsilyl)imidazole.BD Chadwick's group at Liverpocl have
studied in detail 2,5-dilithiation of 1—methy1—,19 1—triphenylmethyl—,]0 and l-methoxymethyl-
imidazole,'® and NN-dimethylimidazole-1-sulphonamide (23 R% = B = 1)'0 (see Table &, which
illustrates the syntbetic usefulness of these reactions}.

With l-methylimidazole, 1,2,5-trisubstituted products can be obtained following addition of

suitable quenching reagents, by using a 5:1 mole ratio of n-butyl-lithium to l-methvlimidazole,
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ether or hexane as the solvent, preferably with addition of THMEDA, and a temperature in excess of

20%c.1?

In most cases {Table 4) mixtures of 1,2,5~tri- and 1,2-di-substituted products are
obtained; deuterium oxide, however, gives a 90-987 yield of 2,5-dideuterio~l-methylimidazole, which
suggests that the mixtures obtained in the other reactions arise through incomplete reaction of the
Z—aninn.19 1-Methylimidazole-2,5-dicarboxylic acid readily decarboxylates in the Z-position
(Section 2,1) whilst l-methyl-2,5-bis{trimethylsilyl)imidazole is hydrolysed readily by water on
work-up, to give l—methyl—S—trimethylsilylimidazole.19

: P . . 1
By contrast to the reaction condizions necessary to dimetallate !=methylimidazole ¥ and other

l-substituted imidazoles10 (Table 4) with n-butyl-lithium, NM-dimethylimidazole-1-sulphonamide

N
RS EN) R2
SOzNMe>
a3

(333 Rz = R5 = H) is dimetaliated by the same reagent in 15 min. in dimethoxyethane (DME)} at
temperatures < -15°C and in the absence of TMEDA, Addition of 2 suitable electrophile allows the
preparation of the corresponding 1,2,5-trisubstituted imidazole (Table 4), Whilst this
1-protecting group is stable to cold acid it can be removed by hot 2M-aqueous hydrochloric acid
thus giving rise to a route te 2,5-disubstituted imidazcles (%%)_10

If only one mol. equiv, of the quenching electrophile is added to the 2,5-dilithiated compound
(%%; R2 = R5 = Li) and the product hydrolysed, then only the 5-mono-substituted compound {%%;
R2 = H) is isolated.lo Removal of the protecting group thus provides a route to 4(5)-mono~
substituted imidazeles. The 2,5-dilithiated species (%% : R2 =R = Li) reacts considerably faster
with electrophiles in the 5-pcsition than in the 2-position.

Further work is necessary on l-protecting groups. It is doubtful whether the same protecting
group will be useful under all circumstances and the choice of the protecting group will probably
depend on the sequence of reactions to be followed in each case,

Di- and tri-lithiated imidazoles are also available via metal-halogen exchange reactions

(next Section).

2.4 Mono- and Poly-Lithiated Derivatives Prepared hy Metal-Halogen Fxchange Reactioms

A number of 2-substituted imidazoles have been prepared via replacement of a Z-bromine (or
lodine) atom with lithium and reactiom of the resulting imidazol==2-yl-lithium compound with a
suitable electrophile (Table 5); halcgen-metal exchange reactions are usually carried out at low

temperatures (=50 to —IIODC).
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SYNTHESIS OF 1,2,5-TRISUBSTITUTED IMIDAZOLES BY 2,5-DILITHIATION OF 1-SUBSTITUTED IMIDAZOLES

R

N
RSGDRZ
1

A free ring NH=group, if present, is metallated first.

% 167 2-monolithiation.

hydrolysis inte l-methyl-5-trimethylsilylimidazole (58Z yield).

triphenylmethylimidazole obtained also.

£ 24% 2-monolithiation.

1H n.m.r. spectroscopic analysis).

Thus, when we

R1 R2 R Reagent Yield (%) Ref.
Me D D DZO 90-438 19
Me 1 1 I2 59 16
Me COZH COZH C02 9 19
Me €0, Me co,Me C1C0,Me 192 19
Me C(OH)Ph2 C((}H)Ph2 thco E>9E 19
Me SMe SMe Me,S, 535 19

. . . d
Me SiMe, S]_Me3 C15iMe., 32,-- 30,14
CPh, Me Me Mel 64> 10
CH20M9 D it DZO 65-92 1¢
CHZDHE Me Me Mel 86 10
CHQOMe CH(OH)Ph CH(OH)Ph PhCHO 84 10
CHZDMe COCMe3 COCM&B MeBCOCI gl 10
SDZNMB2 D D D?_O 20-98 10
S[)21‘~II~IE2 Me Me Mel 53 10

£
S0, NMe, CH,CH,0H CH,,CH,0H §07 61— i¢

Footnotes: 2 487 methyl l-methylimidazole-2-carboxylate formed also by 2-monolithiation.

E Not isclated; converted by

2 367 2-methyl-1-

i 397 product from 5-monolithiation (ratio by

13,12 reacted 4(5)-bromo—

imidazole with one or twe mol. equiv. of n~butyl-lithium in ether or THF and guenched the resulting

mixture with dimethy]l sulphate, only & mixture of 4- (%) and 5-bromo-li-methylimidazole (3‘5') (ratio

1:2) {Scheme 3) was isolated in high yield.

nit:l:ogen.l1
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TAELT

seo

ol

h

2- SUBSTITUTED IMIDAZOLES PREPARED BY METAL HALOGEN EXCHANGE REACTIONSZ

Rér—N i) RLi RA
R5TN1UBr TEY R5Fleﬁ R2
R R

R ®? R* R’ Reagent Yield (%) Ref,
12 CH(OR)C B (OMe) ,~2,3 ct c1 ATCHD 44 53
B CH(OR)C M, (OMe) ,=2,5 c1 c1 AYCHO — 53
w2 CH(OH)C R, (0Me) ,=3, 4 c1 c1 ATCHO — 53
Me H H Br H,0 - 16
Me (1) H H I H,0 90 16
Me (1) F H T FCl0, 49 16
Me CHO H Br DM 57 46
Me ¥o, H prt N,0, - 54
Me H Br H 1,0 - 16
Me H Br Br HZO -_ 16
Me (1) H 1 1 #,0 — 16
Me CHO Br Br F 60 46
CH,OEL SPh Br Br Ph,S, 67 11

a : . PRI b . P
Footnetes: = Bromine exchange unless ctherwise Indicated. — Two equivalents of organolithium

reagent used to generate 1,2-dilithiated species.

Bl e [—N 1) 2% Bu"Li Br—n m
IND ) BrlNﬂ i) Me»S0 ' EIND’*BPIN}'
2>V
H H Me Me

SCHEME 3 () (3R
Stensit et a_l_.,55 howaver, prepared 4(5)-deutericimidazole by treating 4(5)-bromoimidazale in
THF successively with almest five mol. equiv, of n-butyl-lithium, deuteriomethanol, and acid, Use

of methanol in place of deuteriomethancl gave an almost guantitative yield of imidazole.

N
th(omc@ﬂ
H

(3%)
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Treatment of 4(5)-bromoimidazole with two mol. equiv, of lithium naphthalenide followed by
quenching the product with benzophenone yields alcohol (%Q) (607 yield).56 We confirmed this
result but failed to synthesise other 4{5)=-substituted imidazoles by this route.

2-Bromo-4,5-dichloroinidazole undergoes successive metallation and metal-halogen exchange with
twe mol. equiv. of n-butyl-lithium and the resulting 1,2-dilithio-derivative condenses with
varicus aldehydes, to give the corresponding 2-substituted 4,5-dichloroimidazole (Table 5).53

Stensid 25731955 converted 2,4,5-tribromeimidazole into 4(5)-bromoimidazole by treating it
successively with four mol. equiv. of n-butyl-lithium and methancl. Small amounts of 4(5)-bromo-5-
{4)~n-butylimidazcle and 4,5-dibromoimidazole were formed alse, 2,4,5-Tribromo—l-methylimidazole
reacts similarly (Scheme 4) to give, after hydrolysis of the intermediate 2,5=dilithio-derivative,

4—br0mo-l—methy1imidazole.16 We57

have not achieved such regioselectivity in our reactions of
2,4,5~tribrome-1l-ethoxy (or methoxy)methylimidazole with one mol. equiv, of n-butyl-lithium at —-70°C

(see also refs, 11 and 12) (Scheme 5). After quenching the reaction mixture with water, a mixture

Br—N 1) BulLi  Br—N
3y Jbr T Ly
Me Me

=)

CHEME_&

Bor—N ) BuPLi  Br—N Bgr
B‘mﬂBr ii)Hp0 qu'/'Rz ' INﬁB"
CH-0R or Me;Sy CH70R (HO0R
QD (38)

of compounds (%1) and (%ﬁ) (R2 = RS = H) was obtained, Ouenching of a similar reaction mixture

5

with dimethyl disulphide gave a mixture of compounds (%Z) and (%ﬁ) (R2 =R = SMe).s7 Compeound s

Br—N )BulLi  Brr—N
ol gz T Ry IR
CH70R CH20R

(0 SCHEME_6 (R

(3]: R = Me, Er; R2 = H, SMe, 8Ph) do react regioselectively with one mol. equiv, of n-butyl-

lithium, however, and the resulting imidazol-5-yl-lithium compounds can be quenched with a number of
. 5

electrophiles {e,g. R* = CHO, PhZC(OH), etc.}.57

. . Lo 1
Unti1l recently imidazol-4-yl-lithium reagents were unknown, In 1978 Breslow's group 4 reported

that "all attempts to make organcmetallic reagents from N-protected 4(5)-bromoimidazole failed,
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leading either tc¢ reduction or to C-~2 metallated derivatives”, More recently, however, they

reported the synthesis of l-methyl-2-phenylimidazol=4d-yl-lithium from 4-bromo-l-methyl-2-phenyl-
imidazole {n—BuLi/THF/-?BOC) and its reaction with diethylcarbonate, to give ethyl 1-methyl-2-
phenylimidazole—é—carhoxylate.42 4=-Bromo-l-methylimidazole is metallated in the 2-position (even
at —BOOC!); 4-bromoimidazol-2-yl-lithiumcan be guenched with acetaldehyde (Table 2).20 However,

reaction of the 4-bromoimidazole (QQ) with n—bucyl-lithium in ether at -70%C generates the

Rb—N
MeéFN')SPh
CHoOEt

%o R = Br (43) R” = CHO
4 . 4

(41 R = Li 44y R = SMe
4

(42) R = COH

imidazol-4-yl-lithium compound (41), which can be trapped with carben dioxide, DMF, or dimethyl
disulphide to give high yields of compounds (4£2)-{44}, respectively (see alsc Sectiom 2.1).]'2’&1
A Russian groupsa treated 4-iodo-l-methylimidazole with three mol. equiv. of n-butyl-lithium and,
after addition of iodine, isolated a 40% yield of 2,4-di-iodoimidazele. They considered that
l-methylimidazol-4-yl-lithium, é-icdo-1-methylimidazol-2-yl-lithium, and 2,4-dilithio-l-methyl-
imidazole were present prior to quenching. Unlike its 4-bromo-isomer, which metallates in the
2-position with n-butyl-1ithium, 5-bromo-l-methylimidazole is reported to react with the same

reagent by metal-halogen exchange (see also ref. 11); after addition of acetaldshyde the alcohol

(%2) can be isolated.zo

N N
MeCH(0 H)E;}' @Dc(omphz
Me Me

“9 e
5-Chloro-l-methylimidazole reacts with lithium or sodium naphthalenide to give alcohol (&g)
(88% and 73% yield, respectively) after addition of benzophenome to the product, presumably by
conversion of l-methyl-imidazol-5-yl-lithium inte its 2—isumer.21
4,5~Dibromo (or di—iodo)-1-methylimidazole reacts successively with n-butyl-lithium (at -70°c)

and water to give 4-brome (or iodo)—l—methylimidazole.16 However, if the initially generated

Xr—N  1)BuLi/~10° X—N
U = > Uy Ux
Me i) X7 He
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imidazol-5-yl-lithium reagent is allowed to warm up, a transmetallation reaction occurs to give
the corresponding 4-halogenoimidazol-2-yl-lithium reagent which, on quenching with elemental

6 When

bromine or iodine yields either 2,4-dibromo- or 2,4-di-icdo-l-methylimidazole (Scheme ?).1
well treated l-ethoxymethyl-4,5-di-iodoimidazole (4]) with one mol. equiv. of n-butyl-lithium in
THF at -707C and quenched the reaction mixture with diphenyl disulphide (Scheme 8}, a mixture of
compounds (Qﬁ) and (49) (ratio 74:16) was obtained. We proposed that the initially gemerated
imidazol-5-y1-lithium compound underwent transmetallation reactions and that l-ethoxymethyl-4-iodo-

imidazol-2-yl-lithium and l-ethoxymethyl-4—iodo-2,5~dilithioimidazole were present prior to

quenching.

I—N  DBUL/THF  I—N I—N

1l i PhoSy Cydsen + phsUyJspn
CH2OEt CH,OEt CHoOEt

5)) 48 (49>

SCHEME. 8

3, GRIGNARD DERIVATIVES

Surprisingly, Grignard derivatives of imidazole were unknown until 1981, when an Egyptian

group46 reported the reactions of 2-, 4-, and 5-bromo-l-methylimidazole and the corresponding iode-

N 1)EtMgBr N HY c
X_FN/”ii)HC(OEm (EfO)CHEy ) OHC )
Me Me Me

SCHEME 9

=

compounds with ethylmagnesium bromide; these reactions were carried out initially in refluxing
ether, then the ether was replaced by benzene and heating continued to ensure their completiom.
The resulting Grignard derivatives were reacted with triethyl orthoformate (Scheme 9}, to give
acetals {4B-87% yields) which, on hydrolysis with hot aquecus acid, give l-methylimidazole-2-
(72% yield), 4~ (95%), and S5-carbaldehyde (93%), respectively. 2,4,5-Tribromc-l-ethoxy(and methoxy)-
methylimidazoles? react similarly with ethyimagnesium bromide and the resulting Grignard compound
can be hydrolysed by water, to give the l-substituted 4,5-dibromcimidazele in high yield.

Presumably Grignard derivatives of imidazole can be prepared by addition of magnesium salts
to the corresponding organolithium compeunds, although there are no literature reports of their

preparation in this way.

4, OTHER ORCANCOMETALLIC DERIVATIVES

Phenylsodium (prepared from chlorobenzene and sodium in toluene) metallates l-methylimidazole
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and its 5-chloro-derivative and 1-benzyl- and l-phenylkimidazole in the 2-position and the resulting

2-sodio-derivatives can be trapped with DMF, aromatic aldehydes, benzophenone,5 or phenyl

azide‘7 (Table 6). Hydrolysis with acid of the triazenes obtained using phenyl azide provides one

9,60

e 2 . ..
of the best routes to 2-amincimidazoles. 7 Ter tov EE_EE}S ’ reported that 1,2-dimethylimidazole

metallated with phenylsodium exclusively in its 5-position to give, after addition of benzophenone

TABLE 6

SYNTHESTS OF 1,2-DTSUBSTITUTED IMIDAZOLES VIA METALLATION OF 1-SUBSTITUTED IMIDAZOIES WITH

PHENYLSODIUMzT 159,60

N
e
R!

R R Reagent Yield (7)
Me CHO DMF 35
Me CH (OH) Ph PHCHO 80
Me C (OH)Ph2 Ph2C0 85
Me CH(OH)C()H3 (OMe)z—3,4 3,4—(MeO)ZC6H3CHO 7
CHZPh C (OH)Ph2 PhZCO 56
CHzPh NHN=NPh EhN3 —
Ph CH{OH)Ph PhCHO 61
Ph c (OH)Ph2 Ph2CO 72
Ph NHN=NPh PhN3 —
Me {5-C1) C(OH)th Ph2C0 j210]

or benzaldehyde,the alcohols (k%) (70%) and (14) (63%), respectively. However, in our hands
benzophenone gave only a low (8%) yield of the product (23) derived from lateral metallation (see
also Section 2.2).52

1-Ethoxymethyl-5-methylthio-2-phenylthicimidazole cannmot be metallated with n-butyl-lithium

K—N Cup—N
Me sﬁgﬂsph Uy e
CHoOEt CPh3
(R (31
or LDA under a variety of conditions, but it can be metallated with potassium di~isopropylamide~

lithium t-butoxide (KDA) in THF at —780(3, as shown by trapping the 4-potassic-derivative (QQ) with

— 440 —



HETEROCYCLES, Vol 23, No. 2, 19835

dimethyl disulphide.12'41

2-Fluoro-l-triphenylmethylimidazol-4-yl-lithium (Section 2.1) is converted by reaction with
copper(I) iodide into the organocopper derivative (%%) which reacts normally with aliyl bremide,
to give the 4-allyl derivative.AT

Imidazole is mercuriated in the 4(5}-positien and its 4(5)}-alkyl derivatives are mercuriated

61,62 211At/12 to give leAt—

adjacent to the alkyl grcup. These mercurio-derivatives react with
astato-imidazoles.
In Section 2.2 we referred to silicen, e.g. (20}, and tin derivatives, (%%) and {%%), of

imidazole.
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