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Foreword 

This is the second book in the sub-series of Best Synthetic Methods- Key 
Systems and Functional Groups and is particularly close to my heart. As 
a young research chemist 1 recall we forrnulated the 'Benzimidazole Rule'. 
This stated that given the right number of carbons and nitrogens, any starting 
material would ultimately end up as a benzimidazole! A good example is 
shown below: 

~o 
~NHCOMe 

PPA -
The imidazole and benzimidazole ring systems are, of course, not just 

interesting and a source of endless research pleasure but are key systems 
both in nature (such as the amino acid histidine, vitarnin B12 , a compo­
nent of DNA base structure and purines, histarnine, biotin, etc.) and thus 
obviously in pharrnaceutical, veterinary and agrochemical products such as 
cirnetidine (tagamet), azomycin, metronidazole, misonidazole, chlotrimazole, 
thiabendazole, bcnomyl to name but a few. To underline this ubiquity of their 
medicinal applications, over one third of the pages of the excellent compilation 
of the Drug Compendium in Volume 6 of Comprehensive Medicinal Chem­
istry (Pergamon Press, 1990) contain imidazole or benzimidazole units. Other 
irnportant uses of these systems include high temperature polymer products 
and dyestuffs. 

Ross Grimmett is an established master in the field, having compiled severa! 
authoritative reviews of these systems. He has now lent his effort to doing 
synthetic chemists a great favor with this wide-ranging 'cookery book' where 
every type of synthetic problem, both of ring synthesis and of incorporation 
of key functionality have been addressed and lavishly ex:emplified with actual 
preparations. I hope you will enjoy it as much as 1 have. 

Otto Meth-Cohn 
September 1997 
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lntroduction 

When faced with the challenge of writing a monograph on the synthesis of 
imidazoles and benzimidazoles, onc is immedíately aware that although there 
are general methods avaílable for the bicyclic compounds, the contrary is true 
for imidazoles themselves. lndeed, it is necessary to considcr a number of 
widely divergent processes each time a synthesis is contemplated. For this 
reason 1 ha ve divided the synthetic approaches arbitrarily into methods which 
make specific bonds in the ímídazole product, those which transforrn another 
heterocycle, and those which start with the preformed imidazole ring. 

With such a myriad of methods it has not been possible to check many of the 
actual syntheses included, although an endeavour has been made to cross check 
among different publications, and our experiences in the laboratory at Otago 
University have been drawn on extensively in assessing methods included. I 
have provided an index which should help lead research workers to specifi­
cally substituted products, so that comparisons can be made of the possible 
approaches. In addition, care has been taken to ensure that the referencing is 
sufficiently detaíled. 

Benzirnidazole synthesis has been reviewed in detaíl in Preston's 
vol u mes [7 j which contaín a wealth of tabular material. Other review material 
has been less heavily oriented towards synthesis [1-6, 8-15j. 

When making use of the synthetic details included one needs to be aware 
of modero safety considerations. In consequence, ít may be advisable to seek 
altematives to solvents such as benzene, chloroform, carbon tetrachloride and 
hexane used in the methods descríbed. Sorne earlier examples quoted could 
profitably be improved by the use of more modero separation and purification 
techniques. Yields quoted are those from the original publications; in our 
experience these have sometimes been shown to be optimistic. 

M y thanks are dueto the University of Otago who granted me a short period 
of study lea ve, part of which was devoted to this work, and to the staff of the 
Chernistry Department at the Open University, Milton Keynes, UK, where I 
was able to work wíth few distractíons in a friendly environment. I also owe 
much to Julie Leith, Andrea Krause and Diane Watson who so expertly did 
most of the word processing and preparatíon of diagrams at the University 
of Otago. 
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Ring Synthesis by Formation of One Bond 

2.1 FORMATION OF THE 1,2 (OR 2,3) BOND 

C-N 
1 \ e, e 

N 
R 

Synthetic procedures which fall under this heading apply to both imidazoles 
and bcnzimidazoles, and sorne are closely related to those methods which 
in vol ve fonnation of both the 1 ,2 and 2,3 bonds. This section should therefore 
be read closely with Section 3.1.2, particularly with regard to benzimidazole 
synthesis. 

2. 1.1 lmidazoles 

The earliest method of this type was the old Wallach synthesis, which formed 
the imidazole ring by cyclization of an N,N1 -disubstituted oxamide with phos­
phorus pcntachloride; the usual product was a 1-substituted 5-chloroimidazole 
(1) (Scheme 2.1.1) [1-4]. Although initially thought to be rather limited in its 
application, the method was Iater extended to cyclization of higher symmet­
rical and unsymrnetrical oxamides, and now provides access to a variety of 
5-chloroimidazoles [5-8]. 

(CONHRh _!3__ )[_~ 
a ~ R 

(1) 

Scheme 2.1.1 

Symmetrically substituted oxamides can be made in 84-94% yields from 
diethyl oxalate and primary amines [5], whereas the unsymmetrical N-alkyl­
N' -arylmethyloxamides are available in high yields by initial treatment of an 
ethanolic solution of diethyl oxalate with a benzylamine at 0°C, followed by 
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TABLE 2.1.1 
5-Chloroimidazolcs (2) prepared from N ,N' -disubstituted 

oxamides or from N-formylglycine arnides 

RI Rz Yield% Re f. 

Et Me 75 5 
nPr Et 70 5 
nBu nPr 72 5 
iBu iPr 92 5 
CH3(CHz)4 nBu 72 5 
CHzPh Ph 65 5 
Me p-C1-C6H4 61 8 
Me o-CI-C614 81 8 
Me 3-Pyridyl 39 8 
(CH2)0Me Ph 75 8 
Me Ph 75 8 
Me H 30 9 
Et H 50 9 
iPr H 31 9 
nBu H 52 9 
iBu H 30 9 
Ph H 41 9 
PhCHz H 49 9 

reaction of the resulting N-substituted oxamic acid ester with a large excess 
of aliphatic amine [8]. 

Although yields of imidazoles are not always good, and the 5-chloro prod­
ucts may be contaminated with polychlorinated products, the method can be 
useful. If symmetrical oxamides are heated at 60-95oC with 2.1 mol eq. of 
phosphorus pentachloride in phosphoryl chloride (with cooling to moderate 
the exothermic reaction), followed by further heating at around lOOoC for 
30 min, high yields of (1) are achievable [5]. Sorne unsymmetrical oxamides 
ha ve also been shown to give good yields on occasion [8] (Table 2.1.1 ). 

5-Chloro-1-methyl-2-phenylimidazole [8] 

Toa stirred slurry of N-methyl-N'-benzyloxamide (192g, l.Omol) in POC13 

(600ml) PC!s (436g, 2.1 mol) is added over IOmin with cooling. The mixture 
is then refluxed (2 h) and the solvent is removed at atmospheric pressure. 
Xy1ene is added to assist this removal by distillation of the 1ast traces ofPOC13 . 

The cooled mixture, which contains around 200 mi of xylene, is extracted 
successively with water (11) and then dilute hydrochloric acid solution. 
Basification of the combined aqueous solutions precipitates 5-chloro-1-methy1-
2-pheny1imidazole (143 g), which is recrystallizcd from boi1ing heptane as 
needles, m.p. 106-107oC (75% yield). 
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Closely related to the Wallach synthesis is thc ring closure of an acylated 
glycine by heating with phosphorus pentachloride. Early examples provided 5-
chloro-1-ethyl-2-phenyl- and 5-chloro-1,2-diphenylimidazoles, albeit in rather 
poor yields [10, 11], but more recently analogous N-formylethanarnides have 
given a number of 1-alk.yl- and 1-aryl-5-chloroimidazoles (2) in yields between 
30 and 52% (Scherne 2.1.2 and Table 2.1.1) [9]. Most recent1y, the method 
has been adapted to the preparation of irnidazopyridines, by closing a 2-
benzylarnido si de chain on to a pyridine nitrogen [ 12]. It is now believed that 
the Wallach reaction involves nitrile ylide species, with the limiting paramcter 
being the electron-demanding nature of thc heterocyclic ring which influences 
the facility of ionization of the halogen atom [12]. 

R2r-."HCOCH2r--"HCORI ~ X.~ 
O N R2 

1 

Rl 

(R2 = alkyL ary~ Rl= H, Ph) (2) 

Scheme 2.1.2 

1-Benzyl-5-chloroimidazole [9 J 

A mixture of N-formylglycine benzylamide (0.1 mol), phosphorus pentachlor­
ide (0.205mol), and phosphorus oxychloride (40ml) is cautiously prepared at 
room tcmperature. After 3-5 rnin the mixture warms spontaneously with foam 
formation as HCI(g) is evolved. Ice water is used to keep the temperature 
below 60°C. The mixture is then stirred (2 h at 20-25oC and 3 h at 55-60°C). 
After removal of the phosphoryl chloride under reduced pressure, the cooled 
residuc is treated with crushed ice (50 g), neutralized with aqueous arnrnonia to 
pH 8-9, and extracted with chloroform (3 x 60ml). The ext.racts are washed 
with water, dried over sodium sulfate, filtere'd, the solvent evaporated, and the 
residue is vacuum distilled to give the product, b3 146-147oC (49%). 

1-Benzyl-5-chloroirnidazole cannot be readily made by benzylation of 4(5)­
chloroirnidazole; the other isomer (1,4) is the major product. Nor is chlorina­
tion of 1-benzylimidazole a feasible alternative. (See Chapters 7 and 8.) 

4-Ethoxy-2-substituted imidazoles, too, can be made from acylglycinamides 
in yields of 10-35% [13]. Modification of the reaction conditions by the use 
of triethyloxonium fluoroborate to induce cyclization has led to the formation 
of 4-ethoxy-2-phenylirnidazole in 80% yield [14]. 

4-Ethoxy-2-phenylimidazole [14] 

A mixture of triethyloxonium tetrafluoroborate (14 g, 74 mrnol) and hippuric 
arnide (12g, 67mrnol) in dichloromethane (IOOml) is stirred for 7 days at 
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room temperaturc before being poured ínto a saturated solution of sodium 
bicarbonate (0.5 g). The crystalline product is filtered and recrystallized from 
ethanol-isopropyl ether in 82% yield, m.p. 176-177°C. Similarly prepared 
are: 2-(p-chlorophenyl)-4-cthoxyimidazole (61%), m.p. 209-210oC (from 
ethanol); 4-ethoxy-2-(o-methox:yphenyl)imidazole (88%), m.p. 101-102"C 
(from isopropyl ether); 2-butyl-4-ethox:yímidazole (52%), m.p. 65-66°C 
(from chlorofonn); and 4-methoxy-2-(2'-thienylmethyl)imidazole (35%), m.p. 
124-125"C (from isopropyl ether-ethyl acetate). 

One of the more common methods of benzimidazole synthesis is that which 
cyclizes a-arylenediamines in which one ofthe amino groups has been acylated 
or thioacylated. The starting material must be functionalized in such a way 
that an aromatic product can be formed when cyclization takes place. 1t is 
more common with analogous aliphatic diamine derivatives for reduced imida­
zoles to be formed, but there are a number of synthetical1y useful processes 
which cyclize monoacylated alk:ylenediamines. One ex:ample involves rriono­
acylated diarninomaleonitrile (see below), which can be dehydrated to form 
imidazoles [15]. 

Such substrates as a-(acylamino)enarninones (4) can be made by catalytic 
reduction of acylated 4-aminoisoxazoles (3) [16, 17], or acetamidines made 
from 4-arnino-5(4H)-isoxazolones [18]. Although the starting materials require 
multistep syntheses, they are quite readily available in high yields, and 
their reduction and transformation into imidazoles are often quantitative (see 
Section 6.1.2(e)). 

The derivcd acylaminoenaminones (4)-(6) can be modified to give rise toa 
range of substituted imidazole products. If the original isoxazole is alk:ylated 
on the 4-arnino group prior to acylation it produces acylarninoenarninones 
(4), which are converted by base into 1,2,4-trisubstituted 5-acylimidazoles 
(7) in around 50% yields. lf the acylated isoxazole is not N-substituted, 
treatment of the resulting cnaminone (S) with a primary amine serves to 
incorporate a substituted amino group to give enaminone (6), which ís trans­
fonned by ethanolic sodium hydroxide into the isomeric 1,2,5-trisubstituted 
4-acylimidazole (8) in 75-92% yíeld. The reaction is less successful for 
mak:ing 4-acylirnídazoles with a 5-substituent because of steric hindrance to 
amine exchange (Scheme 2.1.3) [16, 171. Thís approach to the synthesis of 4-
and 5-acylimidazoles provides much better control of the regiochemistry than 
direct alk:ylation of 4(5)-acylimidazoles. Table 2.1.2 lists sorne representative 
examples. (See also Tables 6.1 and 6.2 and Chapter 6), where some synthetic 
examples are also found.) 

4(5)-Acylimidazoles are sometimes available by photochemical rearrange­
merit of the 1-acyl isomers [ 19], by oxidation of suitable alcohol si de chains 
(see Section 8.5), and by other ring-synthetic methods (20-23), although 
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(7) 

R5 ~COR2 

~· H,!PdJC 

N~o)\.__R 4 MeOH 

Na OH 

El OH 

Rl 
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KR5 
'o 
(3) 

ll.!PdJC/ 
. ¡McOIJ 

Rt 
R•>=<NCOR2 

H2 N COR5 

(4) 

R5 NHCOR2 

H2N> <COR• 

(5) 

Scheme 2.1.3 

TABLE 2.1.2 

7 

R•CO)(N 

~ 
RS N R2 

l 
Rl 

/OH (S) 

~~~H 

4-Acety1-2-substituted imidazoles (8) made from acylated 4-aminoisoxazolcs (3) 
(R 1

, R5 = H; R4 =Me) via the acylaminoenaminones [16] 

Rz Yield% m.p. ("C) Rz Yicld% m.p. ("C) 

H 98 169-170 CF3 83 187-188 
Me 78 128-130 CH20Me 70 90-92 
Et 93 117-119 CHzNMez 52 219-225 (HCI) 
t-Bu 98 198-199 Ph 80 155-156 

there are no other really general methods [24[. Reactions of 3-bromo-4-
ethox:y-3-buten-2-one with amidines are limited by the availability of such 
butenones and of the amidines r23], but the allemative starting material, 
3-chloro-4,4-dimethoxy-2-butanone, allows large-scale synthesis of 4-acetyl-2-
methylimidazole [25] (see Section 4.3). Approaches via lithioimidazoles (see 
Section 7.2.2) allow sorne versatility, but introduction of an acyl group at C-4 
or C-5 is largely limitcd to instances where the imidazole 2-position is blocked 
[19, 26-28]. 

In basic conditions, the adducts which forrn when secondary enaminones 
or enaminosulfones react with diethoxycarbonyl- or benzylethoxycarbonyl-
1-diazene cyclize to 2-imidazolones r29]. The transient intermediares which 
forrn when oximes react with imidoyl chlorides undergo [3,3]-sigmatropic 
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rearrangements to give amidinoamides (9). These are capable of smooth acid­
catalysed conversion into imidazoles (10) at slightly elevated temperatures. 
The procedure (which might well have been covered in Section 4.1) is 
equally facile for making 1-methyl- and 1-phenylimidazoles. Oximes which 
have an a-hydrogen on only one of the substituents give rise to a single 
product (9), but those with hydrogcn atoms on both a-substituents give 
mixtures, as do mixtures of syn- and anti-oximes. Hydrolytic interception 
of the amidinoamides (9) sometimes leads to a-arnidoketones which are also 
suitable substrates for imidazole synthesis (see Section 3.2). For best results 
the arnidinoamides are made by reaction of a 2: 1 mixture of the imidoyl 
chloride and the oxime in THF with 3 eq. of triethylarnine (Scheme 2.1.4) [30]. 

R4-f1!-C02H (R'm>,O 

NHCOR2 DMAP 

RS 
1 

R4-CH-COR' RNH, R4-CH-C=NRI 

~I!CDR2 hHcOJ<Z 

benzene l 1'003 

u roa, 
N CH2NIICOR 

RK 
NYN-R

1 

R2 

(ll) 

Scheme 2.1.4 

N-Methyl-N-[2-[{(methylamino)phenylmethylene]amino]-1-cyclohexen-J-yl]­
benzamide (9) (R'\ R5 = -(CH2 )4 -; R1 =M e) [30] 

To a cooled solution of N -methylbenzenecarboximidoyl chloride [30] (3.1 g, 
20 mmol) in dry THF (50 ml) at - 78'C is added a 3.5 molar excess of 
triethylarnine. The mixture is stirred (0.5 h) befare addition of a solution 
of cyclohexanone oxime (1.13 g, 10 mmol). After refluxing (12 h), water is 
added and the mixture is extracted with dichloromethane (3 x 50 ml), the 
combined extracts are washed with saturated sodium chloride solution, and 
dried (Na2S04) befare removal of the solvent under reduced pressure. Flash 
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column chromatography using 20% ethyl acetate in hexane gives the product 
( 1.8 g, 52%) as an oil. 

1-Methyl-2-phenyl-4,5-tetramethyleneimidazole (10) (Jr, R5 = -(CH2 )4 -; 

R1 =Me) 

The amidinoamide (1 g, 2.86 mmol) is heated (12 h) in a Dean-Stark apparatus 
with p-toluenesulfonic acid (2.5 molar equivalents) in toluene. The solution is 
then cooled to room tempcrature, washed with 1M sodium hydroxide solution, 
then concentrated in vacuo before chromatographic purification (10% ethyl 
acetate in hexane) to give white crystals (97%) m.p. 119-120°C. Similarly 
prepared are other (lO) (R 1, R4, R5, yield given): Me, Ph, Me, 90%; Me, Ph, 
Ph, 96%; Me, Me, Me, 90%; Me, Et, H, 42%. 

When primary amines react with a-acylaminoketones the resulting Schiff 
bases can be cyclized in the presence of phosphoryl chloride, phosphorus 
pentachloride, or triphenylphosphine and triethylamine in hexachloroethane 
to give 1-substituted imidazoles (11) (Scheme 2.1.4). The starting a-acyl­
aminocarbonyls are readily prepared from a-amino acids by reduction 
with sodium amalgam [31, 32] or by the Dakin-West reaction [33, 34], 
which is most conveniently conducted in the presence of 4-(N,N­
dimethylamino)pyridine (DMAP) as an acylation catalyst [35 · 37]. 

3-Benzoylaminobutanone [34] 

N-Benzoylalanine (3.9 g, 20mmol) and DMAP (0.1 g, 0.82 mmol) are stirred 
with acetic anhydride (4 rnl, 42 mmol) and triethylamine (4 rnl, 0.29 mmol). 
Lively evolution of carbon dioxide and slight warming are observed. After 
30 min, glacial acetic acid (30 ml) is added and the solution is allowed to 
stand (30 min), concentrated in vacuo, shaken with 2M sodium hydroxide 
solution, and extracted with ether. The ether extracts are shaken with 1 M HCI 
solution, dried, and evaporated to give 3-bcnzoylaminobutanone (3.0 g, 78%), 
m.p. 63°C. 

a-Aminoketones can also be prepared from a-ch1oroketones and potassium 
phthalimide, and from a-oximinoketones. 

The versatility of this reaction is increased when a substituted hydrazine 
is used instead of the primary amine, providing ready access to 1-
aminoimidazoles (11) (R1 = NHR) from the hydrazones [36]. Hydroxylamine 
converts the a-(acylamino)ketones into oximes. In the presence of phosphoryl 
chloride or the fluoride ion, imidazole N -oxides can be generated. Thus, 2-
forrnyl-4-methyl-1-phenylimidazole 3-oxide has been made in around 50% 
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TABLE 2.1.3 
Imidazoles (11) prepared by cyclization of Schiff bases of a-(acylamino)ketones [36] 

Rla Rz R4 Rs Methodb Yield (%) 

Ph Me Me Me A 75 
eH2Ph Me Me Me A.B 70, 81 
eH2Ph Ph Me Me B 71 
eH2Ph Ph iPr Me B 73 
eH2eHzei Ph iPr Me B 34 
eHzPh Ph eHzPh Me B 71 
eHz=eHeHz p-eleó~ Ph Me B 77 
NMez Me H Me A 79 
NMez Me Me Me B 87 
p-TosNH Me Me Me e 83 
p-TosNH Me Me Me e 54 
NMez Ph Me Me B 78 
a Ph iPr Me B 76 
b Ph iPr Me B 61 
NMez Me MeS(eH2 )z Me A 75 
NMe2 p-eleó~ MeS(eH2)2 Me A 60 
a Ph eOzMe Me A 50 

•a, phlhalirrúdo; b, 2,4-(NQzhCóHJNH. 
bA, PPhJ/CzC161EtJ:-.I; B, PCis; C, POCI3. 

yield by fluoride ion-promoted cyclization of the trimethylsilyl ether of N­
dichloroacetyl-N-phenylaminopropanone oxime [38]. This general reaction 
type is sufficiently versatile to allow synthesis of the imidazo[l,5-a]pyridine 
(12), where the pyridine ring provides the Schiff base function [39]. 
Tablc 2.L3 lists sorne examples of the general reaction type. 

General methodfnr preparing imidazoles or 1-imidazolamines [36] 

The a-acylaminoketirnine or a-acylaminohydrazone (IOmmol) and triethyl­
amine (3.67 g, 36 mmol) together with hexachloroethane (3.55 g, 15 mmol) 
are treated at -25"C in acetonitrile (30 mi) with triphenylphosphine (3.93 g, 
15 mmol). After stirring (5 h) at around 23"C, the solid is filtered and washed 
with a little THF, and the filtrate is evaporated to dryness. The residue is 
treated with 10% hydrochloric acid ( 40 mi), diluted with water (250 mi) and 
exhaustively extracted with ether. The aqucous phase is saturated with sodium 
chloride, made strongly alkaline with solid KOH, and again exhaustively 
.extracted with ether. The dried ether extracts are concentrated, and the residue 
is either recrystallized or distilled. 

Ring closure of formylglycine amidines, induced by heating alone or in 
the presence of phosphoryl chloride, bears similarities to the general method 



2.1. FORMATION OF TIIE 1,2 (OR 2,3) BOND 11 

above. The products are 1-alk:yl-5-aminoimidazoles, but they are only formed 
in low yields (5 -15%) [ 40]. In consequence, these compounds are better 
prepared by reaction of ethyl N-cyanomethylimidates with primary amines 
or hydrazines (see Section 3.2). 

Methods of imidazole synthesis based on the use of diaminomaleonitrile 
(DAMN; (13), R 1 = 11) ha ve proliferated in recent years. The reagent is now 
readily available from chemical distributors at a price which makes its use 
reasonably economical. Sorne of these methods of synthesis fall under the 
present heading; others involve 1,5 bond formation (see Section 2.2), or 1,2 
and 2,3 bond formation (see Section 3.1.1 ). 

Schiff bases (14), which are formed by reaction between DAMN 
and appropriate carbonyl reagents, are oxidatively cyclized to give a 
variety of 2-substituted 4,5-dicyanoimidazoles (15) (Scheme 2.1.5). Although 
dichlorodicyanoquinone (DDQ) or diaminosuccinonitrilc (DISN) have been 
used frequently to achieve the oxidative cyclization, long reaction times (17 h 
to 4 days under re flux) are a disadvantage, and N -chlorosuccinimide (NCS) 
under basic conditions is more convenient in many cases. The Schiff bases 
are best formed from aromatic aldehydes, but aliphatic aldehydes and ketones, 
ketoesters, orthoesters, amides, imidates and cyanogen chloride have all been 
used [15, 41-49]. 

RQIO 

J'(X]3 

(14) 

Schcmc 2.1.5 

DDQorDIS 

orNCS/base 

NCXN 
~R 

NC N 
1 

R' 
(15) 

If DAMN is mono-N-alkylated before reaction with the carbonyl reagent the 
method gives 1-alkylimidazo1es [ 15]. For example, 4,5-dicyano-1-(2' ,3' ,S' -tri­
O-benzoy1-,B-o-ribofuranosyl)imidazole (57%) has been made by treatment 
of the ribosylamino-DAMN with triethyl orthoformate at 90oC in anisole 
under nitrogen for 5 h. The intermediate enamine is not isolated in this 
case [42]. When DA.\t1N is treated with N,N-dialkylarnides in the presence 
of phosphoryl chloride, the Schiff base (14) (R = NR2 R3) cyclizes to give 
2-dialky1arninoimidazoles (15) (R = NR2 R3

), including 4,5-dicyanoimidazole 
(15) (R = H) when DMF is used [15]. Imidazoles (15) (R = OR4

, NR2R3) 

can be made in one step when DAMN reacts with orthoesters or iminoether 
hydrochlorides. Under mild reaction conditions the intermediate alkox:yimines 
(14) (R = OR4

) or amidines (14) (R = NR2R3) can be isolated before 
oxidation to (15) r46, 47, 49]. Table 2.1.4 Jists sorne examples. 
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TABLE 2.1.4 
4,5-Dicyanoimidazoles (15) (R1 == H) by oxidative cyclization of (14) 

R Conditions Yield% Re f. 

H DMF, POeb 90 15, 49 

Ph :-.res 66 43 
Ph Heat in BuOH 77• 45 
p-MeOe6R¡ :-.res 74 43 

tBu DISN/DDQ 57 15 

Me Heat in BuOH 83•, 92b 45 

Et Heat in BuOH 84" 45 

iPr Heat in BuOH 33• 45 

o-e1e6R¡ N eS 64 43 
m-ele6R¡ DDQ 40 15 

p-ele6R¡ DDQ 33 15 

o-Fe6I4 DDQ 25 15 
m-Fe6R¡ DDQ 29 15 
p-Fe6R¡ DDQ 24 15 
o-BrC6R¡ DDQ 34 15 
m-BrC6R¡ DDQ 50 15 
p-BrC6R¡ DDQ 50 15 

eF3 DDQ 50 15 

Pr DISN 37 15 
eyclohexyl DISN 41 15 

O Me DDQ _e 44 

OEt DDQ 54 15 
OeH2eH=eHz DDQ 27 15 

NMe2 DDQ 34 15 

"From ester. 
bFrom amide. 
cy¡eid not given but appears to be low. 

2-Aminoimidazoles are also formed when DAMN is treated with isocyanide 
dichlorides ( e.g. cyanogen chloridc) (se e Section 3.1.1 ). 

Oxidative cyclization with DDQ of amino(ribosylamino)maleonitrile in 
methanol gives a 64% yield of 4-cyano-5-methox:y-2-(n-ribotetrahydroxybutyl)­
imidazole, whereas an anomeric mixture of 2-(D-erythrofuranosyl)-4-cyano-5-
methoxyimidazole is obtained in 77% total yield by heating the open chain 
species for 3h at 150oC in a mixture of 2-ethoxyethanol and aceúc acid [41]. 

4,5-Dicyano-2-phenylimidazole [ 43] 

Toa solution of N-benzylidenediaminomaleonitrile [15] (0.50g, 2.56mmol) 
iind nicotinamide (0.37 g, 3.07 mmol) in DMF (5 mi), NCS (0.34 g, 2.56 mmol) 
is added, and thc mixture is stirred at 40°C. Nicotinamide hydrochloride 
slowly separates from solution. After stirring (3 h), this salt is filtered off 
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and washed with acetone. The combined filtrate and washings are poured 
into water (200 mi), and the resulting precipitate is collected and recrystal­
lized from benzene (charcoal treatment may be necessary) to give colourless 
crystals (0.33 g, 66%), m.p. 220-222"C. 

4,5-Dicyanoimidazole [ 15] 

A solution of DAMN (10.8g, IOOmmol) in DMF (IOOml) is cooled in an 
ice bath. Phosphoryl chloride (10 ml, 65 mmol) is added dropwise, keeping 
the temperature below lO"C. After this addition is complete, the solution is 
heated to 160"C and maintained at that temperature (1 h), then cooled to around 
lOO"C, when most of the solvent is removed on the rotary evaporator. Water 
(lOO mi) is added, and the solution is warmed to 70"C, filtered, and the filtrate 
is extracted nine times with 200 ml portions of diethyl ether. The combined 
ether extracts are dried (MgS04 ), filtered and evaporated, to give the product 
(10.7g, 90%), m.p. 174-175"C. 4,5-Dicyanoimidazole is available in 95% 
purity from Aldrich. 

With ,8-ketoesters, ,8-ketoamides and ,8-diketones, DAMN is converted into 
en amines, which can be cyclized purely by heating in an alcoholic solvent. The 
products are 2-substituted-4,5-dicyanoimidazoles (Scheme 2.1.5) [45]. When 
DAMN reacts with formamidine, the initial condensation product (16)/(17) 
can form imidazoles either by loss of ammonia (when 4,5-dicyanoimidazole is 
formed), or via an isomerization and subsequent cyclization which eliminates 
HCN to give 4-amino-5-cyanoimidazole (18). With excess formamidine the 
latter product is converted into adenine. The intermediate amidines (16)/(17), 
as transient intermediares, react with aqueous ammonia to form (18), and with 
acetic acid to give (15) (R = R1 = H) [48, 50]. The transformation of (17) to 
(18) is a 1,5 bond formation (Scheme 2.1.6). 

(16) =="' (17) 

Scheme 2.1.6 

AcOH 

-NH, 

-HCN 

(15) (R=RI=H) 

NCXN ) 
H K N 

2 11 

(18) 
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Oxidation of the Schiff bases (19) made from the monoamide of DAMN 
(derivcd from DA..\1N by hydration of one of the nitrile functions) gives 
4-cyanoimidazole-5-carboxamides (20) in good yields ("'70% or more) 
(Scheme 2.1. 7). Such oxidations can be readily accomplished using hydrogen 
peroxide with a catalytic amount of sodium molybdate r5I]. 

NC'¡;-N 
H20, ;¿ __ ~ 

H2NOC ~ R 

(19) (20) 

Scheme 2.1.7 

The preparation of 2-alkyl- and 2-acyl-1-methylimidazole-4-carboxylates 
from (Z)-,8-dimethylamino-o:-isocyanoacrylate (21) with an alkyl or acyl 
halide bears similarities to the foregoing DAMN procedures (Scheme 2.1.8) 
152, 531. The isocyanoacrylates can be made quite readily by reaction of 
DMF diethylacetal with the carbanion generated whcn the isocyanide (22) is 
metallated r53J. 

Me2NCH(OEtn 

+ 
CNC!!2COzMe 

(22) 

~Me2NnNC ~ 

11 C02Me 

(21) 

+ R 
Me2N N=CR A 

'!==( --.- MeN " N 

H COzMe '-=-\ 
C02Me 

e.g. R (%):Me (80); Et (60); CH2Ph (50) 

COPh (50); COMe (50); C02Me (45) 

Scheme 2.1.8 

There are a number of examples of photochemical transformations of 
DAMN which may have sorne synthetic applications. At first, irradiation 
isomerizes the cis-dinitrile to the trans-dinitrile, which then forros 5-amino-
4-cyanoimidazole (18). Both azctidine or azirine intermediates have been 
postulated for thcse cyclizations [54, 55]. Although yields are good the 
photolytic conditions require dilute solutions ("' 1 o-2 moll- 1 solutions of the 
enaminonitriles) and may not prove practicable for the synthesis of larger 
quantities of irnidazoles. On a small scale, however, the method merits 
consideration particularly since the process works for a wide variety of 
enaminonitriles (Scheme 2.1.9) [56- 58]. 
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250"C 
hv(350nm) 

(77-82%) DAMN 
hv(350 nm) 

Scheme 2.1.9 

Tetrahydrobenzimidazole [57] 

A 250 mi solution of 2-amino-1-cyclohexanecarbonitrile (10-2 moll- 1 in 
THF) is irradiated at 254 nm (24 h). Column chromatography (isopropyl­
amine-methanol-benzene, 1 :3:96) gives an 81% yield of tetrahydro­
ben7jmidazo1e. After recrystallization from benzene-diethyl ether the m.p. 
is I46-148°C. 

Suitably substituted 1 ,2-diamines and deriva ti ves can by cyclized into 2H­
imidazoles either by photolytic or thermal treatment in the presence of base. 
The 2H -imidazole products, however, cannol always be thermally isomerized 
to the 1 H -isomers. The migratory aptitudes of 2-substituents ha ve been shown 
to líe in the order methykethykphenykbenzyl [59-62]. 

Ring closure of N -(1-cyanoalkyl)alkylidene N -oxides (these compounds are 
nitrones, cf. Scction 4.2) is induced by nucleophilic attack by the thiophenate 
ion (Se heme 2.1.1 0). The reactions are accelerated by the addition of small 
amounts of piperidine, but inhibited by temperatures above thc melting 
points of the nitrones. In these reactions, 4-phenylthioimidazoles (23) are 
formed usually in 80-90% yields. Deficiencies in the general process include 
the problems of first making the nitrones, and the fact that other thiolate 
nucleophiles (methyl, ethyl, benzyl) are much less successful, giving only 
low yields of 4-alkylthioimidazoles r63]. 

CN 
1 

R•-rH 
\+ 
N=CH~ 

1 

o 

piperidine 

(23) 

Scheme 2.1.10 

2,4( 5 )-Diulkyl-5( 4 )-arylthioimidazoles (23) 

R', R' =El, iPr. Pr 
Ar = Ph, o-MeC6H4 , p-MeC6H4 

p-CIC61!4, 2-thienyl Me, 
Et. Bu. CII2Ph 

The N-(l-cyanoalky1)alkylideneamine N-oxide (lOmmol), the thiol (11 mmol) 
and piperidine (0.2 mmol) are warmed in a stoppered vessel below the melting 
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point of the nitrone. Within 2-4 days the product crystallizes. Disulfide and 
excess thiol are separated by refluxing with hexane, and the products are 
recrystallized in 80-90% yields from ethyl acetate or aqueous ethanol. Prod­
ucts are soluble in cthanol, ethyl acetate, acetone, diethyl ether, chloroform 
and hexane, but scarcely soluble in cold benzene, hexane, light petroleum 
and water. 

When N,N-disubstituted arylhydrazones are treated with trifluoracetic 
anhydride in lutidine solution at room temperature the trifluoroacetyl­
hydrazones (24) are formed in 60-98% yields. Thermal rearrangement of 
(24) leads to mixtures of oxadiazines and 4(5)-trifluoromethylimidazoles. 
High temperatures and more polar solvents suppress the formation of the 
six-membered rings, while solvent variation can also alter the proportions of 
the imidazole isomers (25) and (26) [64-66]. Thus, cyclization in refluxing 
toluene (under nitrogen, 48 h) can lead to varying ratios of 5- (25) and 4-
trifluoromethylimidazole (26) isomers from 3:1 to 100% (25). The reaction is 
much more rapid if (24) is heated in a sealed tube without any solvent (5 min 
to completion), but as the temperature is raised, the proportion of the 4-isomer 
(26) and other by-products increases. Thermal cyclization in the presence of 
silica gel (with carbon tetrachloride under nitrogen) gives much more of the 
4 isomer ( ~ 1: 1) and virtually no oxadiazine. In heptane or toluene the ratio 
of (25) to (26) becomes 1:2 or 1:3. With no solvent at all, the ratio is about 
1:3. (See Table 2.1.5 and Scheme 2.1.11.) The fact that the imidazole isomers 
are readily separable by colurnn chromatography means that the process has 
sorne synthetic potential, particularly because the hydrazones are not difficult 
to make, and they can be acylated by other acylating or aroylating agents, e.g. 
the benzoyl analogue of (24) cyclizes after refluxing for 24 h in toluene to 
give an 87% yield of 1-methyl-4,5-diphenylimidazole r67, 68]. 

COCF3 t.. 
Me2NN < ---

Ar 
(24) 

N )LAr N-_(F3 Me N~ O 

/¿_ ~ CF3 + !¿_ ~ + ~rCF3 Ar N N 
Me Me Ar 
(25) (26) 

Scheme 2.1.11 

Although aliphatic aldehyde dimethylhydrazones could not be trifluoro­
acetylated, it is possible with t-butylmethylhydrazones. These give rise to 
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TABLE 2.1.5 
Ratios of (25) to (26) formed by thermal cyclization of (24)" 

X 

H 
Me 
MeO 
Cl 
N02 

"SiOz (no solvent), Nz, 80"C, 24h. 

(25):(26) ratio 

23:77 
25:75 
38:63 
32:68 
37:63 
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5-trifluoromethylirnidazoles only when refluxed in toluene, and under all other 
thermal regimes tried [64, 67, 69]. 

1-t -Buryl-4-isopropyl-5 -trifiuoromethylimidazol e 

A solution of the triftuoroacetylhydrazone (1 mmol) in toluene (20 ml) is 
refluxed (16h) under nitrogen. Removal of the solvcnt gives a residue which 
is purified by Kugelrohr distillation (b1.5 11 o· e) to give the product (0.10 g, 
81%) as a ycllow oil. 

In the presence of base, 2-isocyanoalkanenitriles [70] react with alcohols, 
thiols or hydrogen su1fide to form imidazoles which have oxygen or sulfur 
groups in the 4(5) position. The reactions appear to proceed via the 4H­
imidazoles, which rearrange to the 1 H -isomers [71]. There are sirnilarities 
to the synthesis of 4-methoxyirnidazole mude, in 60% yield, by retluxing 
the N -cyanomethylirnino ester of formic acid with sodium methoxide in 
methanol [72]. 

5-Methoxy-4-methylimidazole [71] 

To solution of 2-isocyanopropanenitrile (1.6 g, 20 mmol) in methanol (15 ml) 
is added potassium carbonate (0.2 g), and the mixture is stirred at room 
temperature (20 h). After filtering, and removing the solvent under reduced 
pressure, the crudc product is crystallized from cyclohexane (1.6 g, 70%), m. p. 
88-89"C. Similarly prepared are 5-ethoxy-4-methyl- (62% from cyclohexane, 
m.p. 94•q, 5-methoxy-4-isopropyl- (75% from benzene, m.p. 96-97"C), 
5-ethoxy-4-isopropyl- (51% from benzene, m.p. 122-123"C), 5-ethylthio-4-
methyl- (58% from cyclohexane, m. p. gg•q, 5-benzylthio-4-methyl- (61% 
from benzene, m.p. 156,C), 5-ethylthio-4-isopropyl- (55% from cyclohexane, 
m.p. 124.C), and 5-benzylthio-4-isopropylimidazoles (45% from benzene, 
m.p. 133•q. 
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The rather uncommon 4- and 5-ímidazolethiols are accessible maínly 
by nucleophílic substitution reactions of suitably activated 4(5)-halogeno­
imidazoles [73], from N-(1-cyanoalk:yl)alk:ylidene N-oxides (see earlier in this 
section), and by a few other ring-synthetic or rearrangement processes (see 
Section 8.4). We can add to this a dehydration-cyclization reaction of the 
thíonamides (27) (Scheme 2.1.12). The proces~ is promotcd by trimethylsilyl 
triflate and triethylamine, and provides a relatively mild and regiocontrolled 
multistep synthesis. The starting materials (27) are quite readily prepared in 
a multistep sequence starting from an aldehyde, primary amine and sodium 
cyanide, and there is no need to purify the reaction intermediates. The 
total time required for the whole sequence is around 1-2 days, and the 
chemicals are sufficiently inexpensive to make large-scale synthesis viable. 
Formic acid can also be used to promote the cyclization in cases wherc the 
products are relatively robust unfunctionalized thiols, but the silicon reagent 
is preferred. When the product has a 2-substituent it is necessary to raíse 
the reaction tempcrature to around 25°C. lt is easier to isolate the products 
(28) if they are "masked" as disulfides or sulfides. Treatment with hydrogen 
peroxide in aqueous alkali gives the disulfides; sequential reaction with sodium 
borohydride in ethanol and benzyl bromide gives the S-benzyl derivatives [74]. 
Table 2.1.6 lists sorne examples. 

r R'CIIO} H20.MeOH RlNJ! HCD,illMe(orHCD,H), 
~ R'NH2 '>--R5 2 
! NaCN 25"C / Imilllm(orR CXXl), 
' NC Ez3N, CH20, 

O Rt R5 
11 1 1 

R2-C-N-CH-CN 

:ibt{N. 7 g~~ 
O Rt R5 S 
11 1 1 11 Me3Sial"f 

Ez 3N.CH03 

-78"C, 5 nún 

R2-C-N-CH-C-NH2 

(27) 

Scheme 2.1.12 

4-Benzylthin-1-methyl-5 -[ (2 -tetrahydropyranyl)oxy ]methylimidazole 

The thionamide (27) (R1 =Me, R2 = H, R5 = CH20THP) (0.15 g, 0.6mmol) 
and triethylamine (0.25 g, 2.5 mmol) in dichloromethane (5 rnl) are cooled 
to -78°C, when trimethylsilyl trifluoromethanesulfonate (0.40 g, 1.8 mmol) 
is. added dropwise down the wall of the flask. The mixture is stirred at 
- 78oC (5 min), then treated with methanol (5 rnl) and sodium fluoride (0.5 g) 
before warming to 25oC and stirring (2 h). The volatiles are removed under 
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TABLE 2.1.6 
Imidazole-4-thiols (28) prepared from thionamides (27) 

RI Rz Rs Yield (%) 

(27) (28)" 

Me H H 36 60 
Bu iPr iPr 70 57 
Bu Ph iPr 86 46 
Me H CH20CHzPh 64 42 
Me H (CHzhOCHzPh 50 84 
Me H CH20THPb 52 69 

"Based on (27). 
bTHP, tetrahydropyranyl. 

reduced pressure, and the residue, dissolved in ethanol, is treated sequentially 
with sodium borohydride (0.5 g) and benzyl bromide (0.137 g, 0.8 mmol). 
After stirring (0.5 h) at 25oC the mixture is diluted with water and extracted 
with dichloromethane. The dried (MgS04) extracts are then concentrated 
in vacuo and chromatographed on silica gel eluted with 8% methanol in 
dichloromethane. The product (0.13 g, 69%) is isolated as a colourless oil. 

Photochemical cyclization of nitrile ylides (29) derived from suitably substi­
tuted 2H-azirines gives imidazoles (Scheme 2.1.13) [75, 76]. 

Scheme 2.1.13 

2.1.2 Benzimidazoles 

One of the most common approaches to benzimidazole synthesis (but less 
common for uncondensed imidazoles) utilizes an arylene (or alkylene) 1,2-
diamino compound in which one of the amino functions has been acylated 
or thioacylated. The starting material has to be functionalized in such a 
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manncr that an aromatic product can be formed whcn cyclization occurs. The 
methods are formally related to reactions of o-arylenediarnincs with appro­
priate carbonyl compounds (see Section 3.1.2), anda number of reviews have 
discussed thesc rcactions in dctail [77-83]. Typically, an o-(N-acylamino)- or 
o-(N-aroylamino)-arylarninc (30) is cyclized by uncatalysed thcrmolysis, or 
with aqueous or ethanolic acid, or phosphoryl chloride. Heating under reftux 
in ethanolic alkali is also successful in sorne instances. 

2-Methylbenzimidazole [84] 

After heating o-arninoacetanilide (1 g) for 2 h in dry xylene (30 ml), cooling, 
and filtering the sol id, the title compound is isolated (0.88 g, 100%) and 
recrystallized from water, m.p. 176-177"C. 

This approach can be extended to thc use of more accessible o­
nitroacylarninoarenes (31) which cyclizc in such reducing media as 
tin and acetic or hydrochloric acids, tin(ll) chloridc and hydrochloric 
acid, iron and acetic acid, hydrogen-palladium-carbon, hydrogen-Raney 
nickcl-hydrochloric acid, sodium dithionite or sodium borohydride 
(Scheme 2.1.14). Yields are usually good, and often superior to those which 
are obtained from reaction between an o-aminoanilinc and a carboxylic 
acid. Thc general method can be applied to the synthesis of 2,2'-bis­
benzimidazoles [85], to 2-unsubstituted bcnzimidazoles by cyclization of an 
o-formamidoarylamine (30) (R2 = H) [77, 82], and to 1-arninobenzimidazoles 
whcn o-acylaminophcnylhydrazines (30) (R3 = NH2) are the substrates L86]. 

(30) 

heat ----­oracid (XN 
~R2 

N 
1 

Rl 
(32) 

Scheme 2.1.14 

rcduction 

heat 

Rl 

1 2 
~NCOR 

~ N02 

(31) 

Sorne examples of benzimidazoles prepared from o-(N-acylamino) and 
o-(N -aroylamino )arylamines are listed in Table 2.1. 7. Yields can vary 
considerably. 

The rcductive cyclization of acylated o-nitroanilines (31) is a highly vcrsatilc 
process, since variation of both arylaminc and acyl portions can lead to 
a widc variety of products. Thus, an acylated N -alky l-o-nitroaniline gives 
a 1,2-disubstituted benzimidazole; an acylatcd o-nitrodiarylarnine will lead 
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TABLE 2.1.7 
Benzirnidazoles (32) prepared by cyclization of various o-acylarninophenyl­

hydrazines (30) 

2 substituent l su bstituent Reaction Yield (%) 
conditions 

Me H Hcat lOO 
Ph H 4M HCI or 65 

2M HzS04 
p-NHzC6~ H 4M HCI or 75 

2M H2S04 
Me Me 4M HCI 2 
Me PhCH2 4M HCI 12 
Me o-NOzC6~CHz 1:1 HCI 
Me o-NOzC6~CHz 1:1 HCI 
4-Thiazoly 1 H H3P04 
CHMe-tBu H POCh -pyridine 

21 

Re f. 

84 
87 

87 

88 
88 
89 
89 
90 
91 

to 1-arylbenzirnidazoles; and both 2-substituted and 1- and 2-unsubstituted 
bcnzirnidazolcs are acccssible in moderatc to good yiclds (40-80%) by 
judicious choice of substrate [82, 92-94]. 

Partial reduction of (31) can give benzimidazole N-oxides, and so careful 
choice of reducing agent and reaction conditions converts a-nitroanilides 
(including formanilides) into the oxides. Presumably the intermcdiatc a­
hydroxylaminoanilide spontaneously cyclizes before it can be furthcr reduced. 
Synthctically useful procedures include hydrogenation in the presence of 
palladium or platinum with at least one molar proportion of acid present. Thc 
acid appears to catalyse the cyclization of the hydroxylamino species so that 
ring closure is more rapid than further reduction [82, 95]. Such reductive 
mcthods are cspccially appropriatc to thc synthcsis of 1,2-disubstituted 
benzirnidazole 3-oxides, and for cyclizations of nitroanilidcs which bear an 
electron-withdrawing substitucnt on the acyl carbonyl (e.g. (31) (R2 = CF3; 
R3 = H). The use of sodium borohydride in the prcsence of p1atinum, 
palladium or Raney nickel [96] has been shown to givc greater than 50% 
yields of benzirnidazole N -oxides, but e ven this reagent is capable of reducing 
a nitro group to amino, and combined with product loss on work-up, yields of 
thc N -oxides are often disappointing [97]. Sulfide reduction proccdurcs (c.g. 
ammonium sulfide) seem better for 1-substituted benzirnidazole 3-oxides than 
for benzirnidazolc 1-oxides L88, 92]. 

1,2-Dimethylbenzimidazole 3-oxide [92] 

N-Methyl-a-nitroacetanilide [98] (20 g) is added to a solution of ethanol 
(200 ml) and ethanol saturatcd with arnrnonia at OoC (100 ml). Hydrogen 
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sulfidc is bubbled through this solution for about 2 h. After standing overnight 
at room temperature, the brown solution is concentrated in vacuo ro ahout 
100 ml, and the precipitated sulfur is removed by filtration and washed with 
ethanol. Thc combined filtrate and washings are rotary evaporated to an oil 
which is dissolvcd in hot acetonc and allowcd to crystallize. The white crystals 
(80% yield) are recrystallized from acetone or ethyl acetate, m.p. tí5-70T (as 
dihydrate). 

When an o-nitroaniline is acylatcd by cthyl chloroforrnate and then catalyti­
cally reduced, thcrmolysis of the reduction product (33) givcs a 1-substituted 
2-benzimidazolone (34) (Scheme 2.1.15) f99J. Presumably the carbamates (33) 
eliminate ethanol as they cyclize. and so the reactions bear similarities to those 
which proceed through isocyanatcs (see Schemc 2.1.18). In the presence of 
magnesium ch1oridc, which appears to actívate the "urea" carbonyl group 
to solvolysis and condensation, sorne benzirnidazolones are converted into 
2-a1kyl- and 2-arylbenzimidazoles [100]. 

,~No, 

~N-COEt 
1 2 

R 

H2fPd/C ----
(R = CH,Ph, CH2l;;H4-p-F, (CH,¡.,O) 

Scheme 2.1.15 

N-Ethoxycarbonyl-_1\T-alkyl-o-nitroanilines [99] 

H 
~-y-K 
' !1 )-o 
~_,./--...N 

R 

(34) 

A stirred so1ution of the nitroaniline (20 mmol) and ethyl chloroformate 
(60 mmol) in xy1enc (30m!) is hcated under reflux (14-18 h). The solvent 
is removed in vacuo to givc the pure carbamates as oils in quantitative 
yiehh. They can be used without further purification, but analytical samples 
can be obtained by preparative thin ]ayer chromatography using petroleum 
cther-ethy1 acctate as thc clucnt. Thc products ha ve Vmax ~- 171 O cm-· 1• 

N-Ethoxycarbonyl- _1\,T -alkyl-o-phen ylenediamine (33) [99] 

A mixture of thc nitro compound (IOmmol) and 10% palladium on carbon 
(500 mg) in methanol (50 mi) is magnetically stirred under hydrogen at atmo­
spheric pressure (2-4 h). The cata1yst is removed by filtration, and the filtra te 
is concentrated under reduced pressure to give thc purc amine (33) asan oil in 
a1most quantitative yield. Again the products can be used directly, or purified 
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by the use of a short silica gel column eluted with petroleum cthcr- ethyl 
acetate. The products have Vmax ~ 3450- 3460 and 1685-1690cm-1. 

l-A.lkyl-1,3-dihydro-2H-ben::.imidawlin-2-ones (34) f99J 

Thc amine (33) (lO mmol) is heated at 210"C (60-90 min) in a Kugelrohr 
apparatus in the presence of calcium chloride. The oily residue (34) which 
solidifies on cooling is recrystallizcd from the appropriate solvent as follows 
(R. solvent, m. p. listed): Cl-hPh, cthunol, 200-201 oC; CH2C6H..1- p-F, 
isopropanol, 178179aC; (CH2 ) 3Cl, ethyl acetate-hexunc, ll8-120·c. Yíelds 
líe in the range 80-85%. 

If the substrate is an acylated a-aminophenylhydrazine (30) (R3 = NHR), 
the cyclization givt:s rise to 1-aminobcnzimidazoles (35) in good yields 
(Scheme 2.1.16). Such a-aminoarylhydrazines can be made readily by catalytic 
reduction of thc nitro precursors [lO 1]. If the a-nitroarylhydrazine (36) 
is acetylatcd before catalytic reduction thc product is an N'-acetyl-N -(2-
aminophenyl)hydrazine (37). Undcr acidíc conditions (37) cyclizes to 1-amino-
2-methylbenzimiduzoles (35) (R = H, R2 = Me) via acetyl group migration, 
c.g. l-amino-2-methylhcnzimidazole (62%). Similarly prepared is 1-amino-2-
phenylbenzimiduzole (55%) [86]. (S ce al so Section 3. 1.2.) 

(30) (Rl = NHR) PCX:l, __ . _____ 

(36) 

re flux 

__ AcQ!!_-.­
Rcc:J'<'H2 

Scheme 2.1.16 

(35) 

-----\ l. TosONa 

)
2.HO 
3. l'aüH 

1 

~YNH2 

l~~H;-,¡HAc 
(37) 

Similar! y, aldehyde a-aminophenylhydrazones, available by reduction of 
thc nitro precursors, are converted in the absence of oxygen into 2-
substituted benzimidazoles. The reaction is acid catalysed and, although 
complicated experimcntally, gives good yields (67 87%), providing a useful 
altemativc when the 2 substituent may be sensitive. When oxygen is not 
excluded, benzotriazines form instead ¡ 102]. In addition, only fair yiclds of 
1 -aminohenzimidazoles are obtained by acid-catalyscd cyclization of N -(a­
nitroanilino)-substituted aliphatic amines. Benzotriazoles and benzotriazole 



24 2. RING SYNTHESIS BY FOR.:vrATJ0:-1 OF ONE BOND 

N-oxides are usually the major products. This type of reaction is helieved 
to follow a r 1 ,5]-sigmatropic rearrangement r 103]. 

N -(2 -Aminophenyl)-1 H -pyrrol-1-amine ll O 1] 

To a solution of (36) (R = 1-pyrryl) ( 4.06 g, 20 mmol) in ethy 1 acetate ( 100 mi) 
is added 10% palladium on carhon (200 mg). The mixture is hydrogenated 
(4 h) al room temperature under 4 atm of hydrogen (41). After filtration of the 
catalyst, the solvent is removed under reduced pressure to give an oil which 
solidifies after vacuum distillation (b.p. 130-132°C, 0.15-0.18 torr). Thc sol id 
is recrystallizcd from cyclohexane (2.8 g, 81%, m. p. 67 -70°C) . 

N-(2-Acetylaminophenyl)-1H-pyrrol-1-amine f 101] 

Acetyl chloride (1.0 g, 1 O mmol) in anhydrous THF (25 mi) is dropped with 
stirring into an ice-cooled solution of N -(2-aminophenyl)-lH -pyrrol-1-amine 
(1.73g, 10mmol) and triethylaminc (l.Og, IOmmol) in thc same solvent 
(50 ml). Thc mixture is kept at room temperature (1 h), then filtered and rotary 
evaporated. The so lid residue crystallizes from aqueous ethanol (1.8 g, 84%, 
m.p. 172-174oC; JJm:1x 3250, 3300 and 1650cm-1). 

1-(1-Pyrryl)-2-methylbenzimidazole (32) (R2 =Me, R3 = 1-pyrryl) [101] 

A mixture of thc abo ve amine (2.15 g, 1 O m mol) and phosphory 1 chloride 
(15 ml) is heatcd under reflux (30 min), then poured on to crushcd ice ( 100 g) 
and made alkaline with concentrated aqueous ammonia. Extraction with ethyl 
acetate (150 mi), followed by drying (NazS04), filtration, and removal of the 
solvent gives a residue which is chromatugraphed on an alurnina column 
with chloroforrn as the cluent. The first fractions are collccted and rotary 
evaporated to give the benzimidazole, which is recrystallized from aqueous 
ethanol (1.57 g, 80%, m.p. 142-144°C). 

Occasionally, benzirnidazules are made by cycliL:ation of diacylatcd a­
arylencdiamines (38) (Scheme 2.1.17). Ring closure of thcse compounds 
requires higher temperatures than for the monoacyl derivatives. They can, 
however, be cyclized in a melt, or in the presence of acid catalysts, 
and when conditions are anhydrous, 1-acylbenzimidazoles may be isolated. 
These latter compounds are "azolides", and as such are prone to ready 
cleavage by nucleophiles. Mixtures of products are likely to be forrned ir 
the twu acyl groups are different. Fur example, thern1olysis of N-acelyl-N'­
benzoyl-o-phenylcnediarnine gave a 3:1 mixture of 2-mcthyl- and 2-phenyl­
benzimidazoles [ 1 04]. A recen! modification has been used tu prepare 1-acetyl-
2-mcthylbenzimidazole (39) in quantitative yield [ 105]. Cornpound (39) can, 



2.1. FORMATION OF THE 1,2 (OR 2,3) BOND 

("''¡í"~Me 
~:-¡ 

H 
(100 %) 

HMDS.J.f 
refluxóJ h 

?SiMe 3 

:>~=CMe 
~ CF3s~ v, lrrun;RT. 

:>~=CMe 
1 

(40) OSiMe 3 

(38) 

(JCN 

1 >-Me 
""- N 

1 

A e 
(39) 

Scheme 2.1.17 
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of course, be made hy direct acetylation of 2-methylhenzimidazole, but the 
general mcthod may have applications. 

1 -Acetyl-2-rnethylbenzimidazole (39) [ 105] 

A stirred solution of 1 ,2-di(acetylamino)benzene (38) (19.2 g, 0.1 mol), tricthyl­
amine (30.1 g, 0.298 mol), and tolucne (300m!) is heated under reftux while 
trimethylchlorosilane (37.9 ml, 0.298 mol) in toluenc (50 ml) is added. After 
heating (4 h), the triethylamine hydrochloride is filtered off, and the solvent is 
removed under rcduced pressure. Distillation in vacuo givcs thc silyl deriva­
ti ve (40) as a fraction, b1 10rc (92% ). Addition of triftic acid (0.033 g) to 
(40) (2.026 g, 0.006 mol) induces instant cyclization at room tcmperature. The 
1-acetyl-2-mcthylbenzimidazole separates as a solid, and is recrystallized from 
diethyl cther in 100% yield, m.p. 80'C. 

Rclated to thc above synthesis is thc process which converts the a­
diaminc into thc diisocyanate (41) (Y= O) in the presence of excess 
phosgene (Se heme 2.1.18). Whcn ( 41) (Y = O) reacts with water, mcthanol 
or aniline, the product is a benzimidazolone [81, 106]. The corrcsponding 

(34)(R-"H) 
H,O ----Y=O 

~CON3 

l" ~ '-"' NHR 

(42) 

H 
~.NCY 

~:>ICY 
(41; Y= O. S) 

(CN >=s 
N 
1 

-~-----­xylene (34)(R=ll, Me, COPh) 

Scheme 2.1.18 

,1C-OCHJ 
S;/' 
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diisothiocyanates (41) (Y= S) provide a source of benzimidazolethiones 
(>60% yields) when they are heated with alcohols [107]. 

Isocyanates are also formed when acid azides are heated, by means 
of a Curtius rearrangement proceeding via a nitrene. When alcohols are 
present. the products are carbamate esters. Hence, high yields (75- 85%) of 
benzimidazolones can be obtained when a-aminoaroyl azides (42) are 
heated under reflux ( ~6 h) in acetic acid or xylene [62, 108]. Similarly, 
Hofmann rearrangement converts a-amidoanilines into a-cyanatoanilines, 
which can cyclize to form benzimidazolones [100]. 

Cyclization of a-azidoarylcarbamates to benzimidazolones ( ~ 30%) [ 109 J, 
and tbe action of thionyl chloride on a-arylazidocarboxamides to give 
2-arylbenzimidazoles LllOJ, are related reactions. Reductive cyclization 
of a-benzoquinonedibenzamide by tripheny1phosphine gives 1-benzoyl-2-
phenylbenzimidazole [111 ]. 

Schiff bases of a-amino- or a-nitroanilines can be cyclized (reductively in 
the latter case) to benzimidazoles often in rather better yields than when a­
arylenediamines react with aldehydes (see Section 3.1.2). Thus, N-benzylidene 
a-nitroanilines (43) are converted into 2-arylbenzimidazoles by refluxing them 
with triethylphosphite in t-butylbenzene (Scheme 2.1.19). Yields usually Iie 
in the range 30-50%, e.g. 2-phenylbenzimidazole is obtained in a yield 
of 47% [112]. Under rather less drastic base-catalysed conditions, such 
as potassium cyanide in methanol, the N-oxides can be obtained, e.g. 2-
phenylbenzimidazole N-oxide (79%) [113]. The corresponding Schiff bases 
(44) of a-phenylenediamines are oxidatively cyclized using a variety of 
reagents (copper salts, active manganese dioxide, lead tetraacetate, nickcl 
peroxide, barium manganate) to 2-arylbenzimidazoles (45) in yields between 
15 and 90% (Scheme 2.1.19) [82, 114, 115]. Sorne examples are listed in 
Table 2.1.8. 

((

N:--.. 
"'cHAr 

N02 
((

N:--.. 
"'cHAr 

I\H2 

(43) ~ (44) 

CnH.O, 
"'-._ or 

!~ ((
:-¡~ 

CHAr 

NJ 
(46) 

Scheme 2.1.19 
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TABLE 2.1.8 
2-Arylbenzimidazoles (45) made from Schiff bases (44)3 

2-Aryl substituent Time (h) Temperature CC) Yield (%) 

Ph 
4-MeC,;I-L¡ 
4-MezNC6H.¡ 
4-NOzC6H.¡ 
3-NOzC6H.¡ 

5 
9 

11 
28 

5 

•Bal'vln04 as the oxidizing agent. 
b 15% yield using Mn02. 
cz5% yield using MnOz. 

R.T. 
R. T. 
R. T. 
R. T. 

10 

82 
71 
70 
80b 
60C 

27 

Barium manganate (which is also known to dehydrogenate imidazolines to 
imidazoles fll6]) gives yields which are comparable with or better than those 
of other oxidizers, and it is an attractive altemative for other heterogeneous 
oxidizing agents. A reactant-to-oxidizer leve] of 1:10 in benzene solution is 
appropriate [115]. Using trichloroacetonitrile to form the Schiff base allows 
the general procedure to be adapted to prepare 2-aminobenzimidazoles [117]. 

Closely related synthetic methods thermolyse anils (46) derived from 2-
azidoanilines, giving 2-arylbenzimidazoles in 48-96% yields (Scheme 2.1.19). 
These cyclizations possibly invo1ve ary1nitrenes, which form when (46) are 
heated in so1vents such as nitrobenzene [62, 81, 118, !19]. The major prob1em 
which arises with this type of synthesis is the difficulty of making the Schiff 
bases. o-Azidoaniline decomposes at 65°C, and the azido group decreases 
the nucleophilicity of the ortho amino group, making it Jess reactive with 
a1dehydes. Sorne of these problems can be overcome by carrying out low­
temperature ( ~ 35°C) condensations in ethano1 containing sorne acetic acid 
as a cata1yst [118, 119], but the altemative methods which do not involve 
azidoanils seem more attractive for forming 2-arylbenzimidazo1es. 

Cyclization of o-aminoarylureas (or thioureas (47)) or, under reductive 
conditions, a-nitroaryl analogues can provide routes to benzimidazolones (or 
thiones) or 2-aminobenzimidazoles (49). Refluxing (48) for 5-10 min with 
iron in acetic acid gives a high yield of 5-nitrobenzimidazolone [120], and 
there are other examples [ 121]. Conversion of o-aminoarylureas or -thioureas 
into benzimidazolones or benzimidazolethiones is achieved by merely heating 
them (reactions m ay go through intermediate isocyanates) [ 122J. Oxidative 
methods, such as the use of mercury(II) chloride, oxide or acetate in ethanol, 
convert the a-aminothioureas (47) into 2-aminobenzimidazoles (49), with the 
best conditions using around 3 mol eq. of mercuric chloride in refluxing 
chloroform [123]. Such oxidative cyclizations possibly involve carbodiimide 
intermediares. Heating with either acids or bases also seems to convert the 
ureas or thioureas into 2-aminobenzimidazoles [82, 123 -126]. Appropriate 



28 2. RING SYNTHESIS BY FORMATION OF ONE BOND 

o-aminothioureas (47) can be made by treating the a-diamines with alkyl 
isuthiocyanates, and it is most convenient to transform them into ( 49) by 
heating them with around 8 eq. of an alkyl halide in ethanol (Scheme 2.1.20). 
Presumably S-alkylisothiouronium intermediates are involved under these 
reaction conditions. Yields range from 30 to almost 90% of botb 2-alkyl­
and 2-arylaminobenzimidazoles (e.g. (49), R, yield given: Ph, 76%; o-tolyl, 
74%; Bu, 30%; PhCH2 , 50%) [122, 127]. 

o=NHCSNHR 

HgOo1 HgCI: 

NH2 or Me! 
(47) 

(R=alkyL cycloalkyL aryl) 

(X)-~HR 
H (68-87%) 

(49) 

~NHCONH2 

02~~l__N02 
Fe,HOAc 

l1 ~~)=0 (RR%) 
ONA~N 

2 H 
(41!) 

Scheme 2.1.20 

2-Aminobenzimidazole ( 49) ( R = H) f 126] 

Mercury(II) oxide (8.5 g) in ethanol (50 mi) is added at 70oC to N -(o-amino­
phenyl)thiourea (47) (R = H) (1.41 g). The mixture is stirred at 70-75'C 
(15 min), then three additional portions ( 4 g each) of mercury(ll) oxide are 
added at 15 min intervals. The mixture is then filtered hot, and the filtrate is 
evaporated at 40nC to give 2-aminobenzimidazole (85%), m.p. 225-228oC. 

2-Phenylaminobenzimidazole (49) (R = Ph) [122] 

Iodomethane ( 1.14 g, 8 mmol) is added to a solution of ( 47) (R = Ph) ( 0.24 g, 
1 mmol) in ethanol (15 rnl), and tbe mixture is heated under reftux (9 h). Evolu­
tion of gas is observed as the mixture turns a deep violet colour. After addition 
of 10% hydrochloric acid (15ml) and concentration to about IOml, the solu­
tion is filtcred hot and allowed to cool. The crystals which scparate are filtered, 
dissolvcd in water (25 ml), made alkaline with concentrated ammonia solution, 
and then repeatedly extracted with chloroform. The extracts, after washing 
with water and drying (MgS04 ), are rotary evaporated to give a yellow salid 
which is recrystallized from benzene (78%), m.p.I95-197°C. 

In 0-henzoyl-2-aminobenzamide oxime (50) the two nitrogen atoms of the 
amidoxime, the amino nitrogen and C-1 of the aminophenyl group all compete 
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NH2 

~N-OCOPh 
:>1Hz 

(50) 

H00,pH 7 

Schcme 2.1.21 
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(49) IR=H) (98%) 

for the role of nucleophi1ic centre (Schcme 2.1.21 ). Although this should 
lead to a mixture of thermolysis products, whcn the substratc is hcated in 
aqucous mediurn the electron-rich C-1 attacks the oxime nitrogen. Beckmann 
rearrangcment, followed by ring closure, gives an almost quantitative yie1d 
of 2-aminobenzimidazole. There is less selectivity, though, with the corre­
sponding acetyl derivative, and in consequencc the proccdure may not have 
wide synthetic application [128, 129]. 

A1though the most vcrsatile methods of synthesis of 2-aminobcnzimidazoles 
involve cyclizations of 2-substituted anilines with formation uf the 1 ,2 and 
2,3 bonds ( see Section 3 .1.2), the reduction of o-cyanoaminonitrobenzenes 
(52) offers a viable altemativc route f83, 120, 130, 131]. Hydrogenation 
using a Raney nicke1 catalyst is frequent1y used, while iron-acetic acid 
is also a common reducing agcnt. The cyanamides (52) can be made 
from the aryl chlorides (51), or by dircct reaction of thc arylamine with 
cyanogen bromide (Schcmc 2.1.22). Thus, 2,4-dinitrophenylcyanamide is 
convcrted by iron and acetic acid into 2-amino-5-nitrobcnzimidazole in 
55% yield [120]. A number of 2-amino-1-hydroxybenzirnidazoles have becn 
made by electrochemical reductive cyclization of 2-nitrophcnylcyanamides 
(52) (R = H, a1ky1, OH, _1\TI-lz, C_I\T, SC_I\T, SH). For examp1e, 2-amino-l­
hydroxybenzimidazo1e itself is isolated in 69% yield when (52) (R = H) is 
reduced at lOOOmV and 25'C in a mixture of su1furic acid and mcthano1, 
using a platinum anode and mercury cathodc (Scheme 2.1.22) [132]. Thís 

r(NOz 
R/~ 'CI 

(51) 

(XN02 _!:I_L!Hz .• 

:>ICOoR 
1 -

(53) CN 

Scheme 2.1.22 

_j._,... 0:)-NHC02R 

H 
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latter process is, however, rather too exotic experimentally to supersede other 
approaches to 2-aminobenzimidazoles. Carbanilic acids (53), too, can be 
reduced directly to forro alkyl esters of 2-aminobenzirnidazole-1-carboxylic 
acids. These rearrange on heating to give the 2-carbamates [133]. 

There are a number of methods which cyclize a-amino- or a-nitroarylamines 
to benzimidazoles or benzimidazo1e N -oxides. These include cases where one 
of the amino groups is a secondary or a tertiary amine. 

The most general route to benzimidazole N-oxides ring clases N-alkyl­
a-nitroanilines which have the alkyl substituent activated by an clectron­
withdrawing group (e.g. acyl or nitrile). Many of thcse cyclizations are 
effected by base treatment [ 134-138], but acidic [139] and reductive [95, 
140, 141] regimes havc also been used, as have photochemical cyclizations of 
the corresponding a-nitroanilines [142, 143]. The synthesis of benzimidazole 
N -oxides has been reviewed [l44]. 2-Substituted benzimidazo1e N -oxides 
(55) were first rnade in 1910 by reduction of a-nitroacylanilines (54) with 
arnmonium sulfide (Scheme 2.1.23) [145]. Catalytic hydrogenation in acidic 
rnedium readily converts a range of compounds of type (54) into rnoderate to 
good yields of 1,2-disubstituted benzimidazole 3-oxides (55) (R = H, Me, Ph; 
R2 = H, Me, Ph, Ar) in moderate to good yiclds [95, 138, 141, 146, 147]. 

R 
1 

~NCORZ 

~NÜz 
(54) 

BOH,R=H 

Scheme 2.1.23 

(X~ 
)-Rz 
N 

1 o­
(55) 

In monosubstituted o-nitroanilines (56) (R = H) the activating group (R2) 

can be acyl or aroyl [148], nitrile [149], ester [137], or even carboxylic 
acid provided that the solution is buffercd. Weak clectron-attracting groups 
such as phenyl require rnuch stronger base trcatment, e.g. N-benzyl-a­
nitroanilincs are only cyclized in the presence of hydroxide, alkoxide 
or hydride ions [134, 150-154]. Sodium ethoxide treatrnent converts a­
allylaminonitrobenzene into 2-vinylbenzimidazole 1-oxide [138], and, in a 
related series of reactions, 2,4-dinitrophenylaminoalkenes (58) are cyclized in 
basic medium (Scheme 2.1.24). Yields can reach 70-80% when the reactions 
are carried out in a polar solvent such as DMSO, DMF or methanol [137]. 
All of these reactions are forrnally base-catalysed Aldol condensations which 
give good yields of 2-substituted benzimidazole N-oxides (57). When the 2-
substituent is ni trile or ester these functions can be readily removed to give the 
2-unsubstituted oxides (57) (R = R2 = H) in 63-83% yields [97, 135]. Many 
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R R 
1 2 1 

-ocNCH2R 
ÚN X ~ X +'">-R

2 

"'- NOz N 
1 o-

(56) (57) 

~NH-{OR2 
H 

~N 
R' 
~ +~COR2 

OzN NOz OzN ~ 
(58) 

o-
(Rl ~H. Ph; R2 ~ OMe, NHPr) 

Scheme 2.1.24 

TABLE 2.1.9 
Benzirnidazole N-oxides (57) (R = H) made by base treaunent of various 

compounds (56) (R = H) 

X R2 Base Yield (%) Re f. 

H Ph NaOH 71 151 
H H K2e03 683 97 
H e02Et K2e03 31 97 
H eH=eH2 NaOEt 90 138 
H e~ Na2e03 77 148 
5-Me eOPh KOH 149 
5-0Me e~ Kze03 51 97 
5-Me e~ K2eo3 53 97 
5-el e~ KzeOJ 58 97 
5-F e~ K2e03 71 97 
6-F e~ KzeOJ 70 97 
4-N02 e~ KzeOJ 34 97 
5-Me e02Et K2e03 46 97 
5-0Me e02Et KzeOJ 68 97 
5-NOz e02Me NaHeOJ 79 137 
5-NOz e02Et KzeOJ 56 97 
5-Me H KzeOJ n• 97 
5-0Me H Kze03 75• 97 
5-el H Kze03 76" 97 
5-F H K2e03 57" 97 

•y¡e)d based on the 2-cyano derivative. 

such reactions take place under mildly basic conditions, e.g. using a peptide 
with a terminal 2,4-dinitrophenylglycine residue fl55]. Sorne cxamples are 
listed in Table 2.1.9. N-Cyanomethyl-o-nitroanilines are readily made from 
o-nitroanilines by treatment with formaldehyde and potassium cyanide in 
acctic acid in thc prescncc of zinc chloridc. 
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N-C'yanomethyl-o-nitroaniline (56) (R, X= H; R2 = CN) [97] 

Glacial acetic acid (125 mi) containing concentrated sulfuric acid (eight 
drops) is added with stirring to a mixture of o-nitroaniline (6.9 g, 0.05 mol), 
paraforroaldehyde (4.5g, 0.15mol of CH20), potassium cyanide (9.75g, 
0.15 mol) and anhydrous zinc chloride (5.25 g, 0.38 mol). The mixture is heated 
and stirred at 50 oC (8 h), then poured into iced water before filtering. The sol id 
is washed well with water and recrystallizcd from ethanol to give the product 
(6.73 g, 76% ), m. p. 136-138°C. 

2-Cyanobenzimidazole N-oxide (57) (R, X= H; R2 = CN) [97] 

Potassium carbonate (1.22 g) is added to a suspension of N-cyanomethyl-o­
nitroaniline (3.08 g) in hot ethanol (170 mi), and the mixture is heated under 
rcfiux (4 h). The solvent is removed under reduced pressure and the rcsidue 
dissolved as well as possible in water. The mixture is filtercd, and the filtrate 
is acidified with hydrochloric acid to precipitate the pale yellow N-oxide 
(1.48 g, 54%), m. p. 232-234°C, when recrystallized from aqueous ethanol. 
2-Carbethoxybenzimidazole N -oxides are prepared in a similar manner. 

Hydrolysis of the 2-cyano or 2-carbethoxy group [97] 

The nitrile or ester is heated under reflux with concentrated hydrochloric 
acid (20-25 mi per gram of substrate) for 4h. The N-oxide hydrochloride 
which separates froro the cooled solution is recrystallized, then decomposed 
by dissolving it in aqueous ammonia (d. 0.88; ~40 mi per gram of hydro­
chloride), and the solution is concentrated at 50T under reduced pressure 
until crystallization commences. After cooling, the N-oxides are filtered. 

In view of the observation that N-a-nitrophenyl derivatives of glycine and 
other a-amino acids could be con verted into benzimidazolones by the action of 
heat, and the assumption that N -oxides were intermediates in the thermolysis 
[ 156], it was thought that flash vacuum pyrolysis with a very short reaction 
time might allow isolation of the N -oxides. This approach, however, did not 
turn out to be as synthetically efficient as the base treatment method f97]. 
Indeed, heating such coropounds in sand at 200oC is probably of more use for 
making benzimidazoles or benzimidazolones [156]. Benzimidazole N-oxides 
can be made from acid-catalysed therroal or photochemical reactions of N,N­
dialkyl-o-nitroanilines, but not from purely thermal reactions. 

Photolysis of N-(2,4-dinitrophenyl) derivatives of amino acids gives 
mixtures of 4-nitro-2-nitrosoanilines and 5-nitrobenzimidazole N -oxides. In 
acidic media the N -oxides predorninate with typical yields in the range 
30-80% [80, 143, 157]. A related reaction which also appears to proceed 
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vía an a-nitrosoanil is thc almost quantitative photolytic conversion of a­
nitrophenylaziridinc derivativcs into 2-phenylbenzimidazolc N-oxides [153]. 
There are other similar examples [142]. 

Base-induced conversion of N,N-disubstituted-a-nitroanilines (59) into 
oenzimidazole N-oxides may occur provided that one of the carbon 
suostituents can oc removed subsequently (e.g. cyano or arylsulfonyl). 
The reaction products, howcver, may well diffcr from those obtained 
from the monosubstituted analogues, e.g. cyclization of N-alkyl(or aryl)-N­
cyanomethyl-a-nitroanilincs givcs not thc 2-cyanooenzimidazole N-oxides, but 
thc 2-"hydroxy" derivatives [148]. These processes do not sccm to have great 
synthetic utility. 

When N,N-dialkyl-a-nitroanilincs are heated or photolyscd in acidic media, 
good yiclds ofbenzimidazolc N-oxides (60) can be ootained (Scheme 2.1.25). 
The thermal reactions usually require high temperaturcs (above 100°C) and 
extended heating times (often 12-48 h), but the rcactions are vcrsatile and 
simple cxperimentally. Rcfiuxing in constant-boiling hydrochloric acid is 
usually successful, giving yiclds in the rangc 30-70% even with N,N­
cycloalkyl derivatives fl58-160]. Table 2.1.1 O lists sorne cxamplcs. 

CCCH2ln 

(Xu 
X 

N02 

(61) (59) 

(62) (X= 5-N02• n = 4-6) 

Scheme 2.1.25 

H' ---­á 
orhv 

o-
(60) 

Similar photolytic cyclizations which are usually carried out in methanolic 
hydrogcn chloride solution can yicld either benzimidazoles or thc N-oxides, 
depending on the natures of the tcrtiary amino group and the ring substitucnts 
[ Hí 1]. U ndcr more vigorous reaction conditions ( or in the presence of reducing 
agents), N,N -dialkyl(or aralkyl)-a-nitroanilines are con verted into bcnzimida­
zolcs (61) rather than the N -oxides (Scheme 2.1.25). 
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TABLE 2.1.10 
Tricyclic benzimidazole 3-oxides (60) made by heating various (59) in acida.b 

X n Temperature ('C) Time (h) Yield (%) 

H 5 110 20 51 
5-CI 5 110 20 70 
5-~0:! 5 110 20 32 
H 6 160 7 61 

•From refs [159, 160]. 
bi-Methylbenzimidazole 3-oxide is made similarly from o-nilro-N.N-uimeLhylanilíne. l50'C, 
12h, 47% yield. 

Reductive conditions have utilized iron(II) oxalate [162, Hí3], tin and 
hydrochloric acid (which gives only low yields) r 160], and triethylphosphite 
(164, 165 ]. lt is, however, much more convenient and efficient to merely 
heat the substrates. This can be done in sand at around 24o·c, dispersed 
on glass beads, or in a high-boiling solvent such as polyphosphoric acid or 
diphenyl ether [62, S0-82, 160]. (Scc also similar thermal cyclizations of 
primary amino analogues in basic or reductive media, or thermally.) The 
reaction products are 1 ,2-disubstituted benzimidazoles (61) and, again, the 
N,!V-dialkyl group can be a carbocyclic ring. Cyclizations are particularly 
smooth if the nitroarene contains an clectron-withdrawing substituent para to 
the dialkylamino function. In the absence of such a substituent, or if there is 
an electron donar group present in thc benzene ring, the reaction times have 
to be increased ( 1-4 h) and lower yields are to be expected. The reactions 
are believed to proceed through benzimidazole N-oxide intermediates. Sorne 
typical examples are listed in Table 2.1.11. 

When o-nitroarylarnines are treated with zinc chloride in boiling acetic 
anhydride, a variety of products can be formed. N.)V-Dimethyl-o-nitroaniline 
forms 1-acetyl-3-methylbenzimidazolone in 48% yield, the N,N-diethyl 

TABLE 2.1.11 
Benzimidawles (61) prepared by thermal cyclization• of (59)b 

X n Time (h) Yield (%) 

H 5 4 62 
5-C02H 5 0.5 88 
5-Me 5 3 55 
5-Cl 5 0.75 70 
5-N02 5 0.5 82 
5-NHAc 5 1 40 
5-CFJ 5 0.5 65 

"24o·c in sand. 
bRef. fi66J. 
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analugue gives 2-acetoxy-1-ethylbenzimidazole (65% ), and N,N -cycloa1kyl­
o-nitruanilincs (59) are similarly converted into a-acctoxy products (62) 
(6R-87%) (Schemc 2.1.25) [167]. All of thesc reactions are Lewis acid 
catalysed, and prcsumably proceed through 3-acctoxy intermediares which 
can rearrangc (sec also refs 1168, 169]). 

When N.)V -dimethyl-o-aminoanilinc (63) reacts with acetic anhydride 
the primary amino group is initially acetylated (Scheme 2.1.26). Boiling 
the amidc (64) with acetic anhydride induces cyclization to form 1,2-
dimethylbcnzimidazole. This reaction is quite general in that the N,N-dialkyl 
group can be part of a ring [ 160, 170]. Yields can range from 10 to 90%, with 
ring size affecting the reaction rates; steric factors can inhibit the cyclization. 
A related process is probably involved when sulfuryl chloride converts (63) 
at room temperature into 4,5,6, 7-tctrachloro-1-methy lbenzimidazolc in 50% 
yield fl71]. Acylated N,N-dialkyl-o-arninoanilines (65) can also be converted 
into bcnzimidazoles in hot polyphosphoric acid or under oxidative conditions 
(Scheme 2.1.26). 

(63) 

í~ 
CH, (Cllz)n 
-) 

(~/'-!'C'H ¡: 2 

)l.__NHCOR 

(65) 

PPA 
[4()..J4'i°C 
O.'i-1 h 

(68) 

Scheme 2.1.26 

Me 

~~>-Me 
~N 

Me 

(Y~>-R 
~-'--N 

(66) 

With polyphosphoric acid the N,N-dimethyl substrates (64) (R = H, Me, 
Ph) are converted into 1,2-disubstituted henzimidazoles (66) (R = H (50c,k), 
Me (97%), Ph (53%)) (Scheme 2.1.26). The N,N-cycloalkyl analogues (65) are 
suhject to a skeletal rearrangement, which generates the tricylic products (67). 
These reactions are most successful with acetyl derivatives (65) (R = Me) and 
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with pipcridino compounds (65) (n = 3). Yields vary between 10 and 90%, 
with the top yield for (65) (n = 3, R =Me) [170]. 

A rather differcnt cyclization process occurs when (65) is trcated with tri­
fluoroperacctic [ 172] or othcr peracids (Schemc 2.1.26) 1 173]. The acylamines 
appear to react most cleanly, with performic acid giving yields of (68) in the 
rangc 43-91% for a wide range of compounds. The o-substituted anilides (65) 
are made by treatment of a-chloronitrobenzene (1 mol) with thc appropriate 
amine (2.1 mol) followed by reduction, and acylation with formic acid, acetic 
anhydride or benzoyl chloridc [173]. 

Oxidative cycliz.ation of acylated N,N-diakyl-o-aminuanilines (65) [173] 

Thc acyl compounds (2 g) are hcated with a mixture of 9R% formic acid 
(12 ml) and 30% hydrogen peroxide (6ml) at lOOoC (10-15 min). The solution 
changcs colour to ye!low or brown during this pcriod. Dilution with water arid 
neutralization with concentrated ammonia solution prccipitatcs the benzirnid­
azolc (68). Extraction of the filtrate with chloroform can incrcase the yield. 
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2.2 FORMATION OF THE 1,5 (OR 3,4) BOND 

r-:-; 
e: ):: 

N 
R 

Reactions of this type are almost entirely confined to cyclizations of suit­
ably substituted amidines, ureas or thioureas. Amidines givc 2-substituted 
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imidazole or benzimidazole products, but ureas and thioureas lead only to 
product<> with oxygen or sulfur groups at C-2. The methods are not especially 
popular because of the problems associated with synthesis of a range of starting 
materials. Nevertheless, amidines are usually made by treating imidates (imidic 
esters, imino ethers) with ethanolic amrnonia or with amines [ 1]. The imitates 
a:-e prepared by passing dry hydrogen chloride gas into a solution of a nitrile 
in anhydrous alcohol (Scheme 2.2.1). Ureas are usually made from reaction of 
potassiurn isocyanate, phosgene oran alkyl isocyanate with a primary amine, 
hut have more limited applicability because they do not allow variation of the 
imidazole 2-substituent. 

R-C"''-1 - RIOH ~ RC(OR 1)=NH.HCI R'NH, RC(NHR2)=1\"H 

Scheme 2.2.1 

2.2.1 lmidazoles 

The reaction between a suitable irnidate and an a-arninoaldehyde or a­

aminoacetal to forman amidine, which cyclizes toan imidazole, rests largely 
on the availability of the aminoaldehydes from a-arnino acids, which are 
readily reduced using the Akabori method [2]. Dimethyl or diethyl acetals 
frequently replace the aldehydes in these reactions [3, 4J. Table 2.2.1 lists 
sorne 2,5-disubstituted imidazoles prepared (ultimatcly) from amino acids. lt 
is not possible to introduce a range of substituents at both the 4- and 5-positions 
by thís method unless the arnino acid is converted into a ketone rather than 
an aldehyde (se e Section 2.1.1) (Se heme 2.2.2). 

(Et0)zCI!CHRINH2 

+ 

General method [5] 

(Et0)2CH-<¡=HR 1 

,NH 
HN-C 

1 

R 

Scheme 2.2.2 

(1) 

The ami no acid (0.05 mol) is heated in ethanol (100 rnl) saturated with dry 
HCI. After removal of the solvent under reduced pressure, the residue of 
the ami no acid es ter hydrochloride is dissolved in ice-cold water (! 00 mi), 
and 2.3% sodium arnalgarn (200 g) is added slowly with stirring, the pH being 
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TABLE 2.2.1 
Imidazo1es (1) prepared from amidines derived from a-anúno acidsa 

Anúno acid R R: Yield (%) 

Glycine Ph H IR 
Alanine Ph Me 46 
Alanine C5H11 Me 47 
Aminomalonic Ph C02Et 
a!-Aminobutyric Ph Et 53 
Aspartic Ph CH2C02Et 37 
Glutamic Ph (CHzJ2C02Et 46 
Serine Ph CH20H 10 
a!-Pheny lglycine Ph Ph 31 
Phenvlalanine Ph CH2Ph 33 
Tyro~ine Ph CHzC6lL-p OH 34 
a!- p-0 H-phenylgtycine Ph CdL-p-OH 42 

aRef. [5]. 
bBased on amount of ami no ac1d. 

maintained around 4 by addition of S \-1 hydrochloric acid, and the temperature 
between O and -5°C by addition of powdered dry ice. The resulting solution, 
after filtration, is evaporated under reduced pressure, and thc residue is taken 
up in ethanol and filtered. The solution of a-aminoaldehyde is mixed with the 
imidate (0.05 mol), and the pH is adjusted (if necessary) to 7 by the addition 
of acetic acid. After 1 h at room temperature the mixture is heated at 1 OOOC 
(3-4 h), effectively distilling off most of the ethanol. 

Trituration of the residue with dilute hydrochloric acid, and cooling to OOC, 
gives the imidazole hydrochloride salts, which are frequently crystallinc. The 
free bases can be obtained by making the salrs alkalinc with aqueous sodium 
hydroxide followed by extraction with ether. The ethcr is removed to give the 
products (1). Sorne free bases precipitate from aqueous alkaline solution and 
need not he extracted. The arninoaldehydes from aspartic and glutamic acids 
are best distilled at around 1 mrnHg pressure to purify them. 

Preparationfrom a-aminoacetals [3, 4] 

The aceta! (0.01 mol) is heated wilh the imidate (0.01 mol) in glacial acctic 
acid (0.02 mol) at IOOOC (3 h). Aqueous sodium hydroxide is added to form 
a dark-coloured ba~ic solution which is extracred with diethyl ether, and the 
cxtracts are dried ami rotary evaporated to give a residuc (an oil in thc case 
of a-henzamidinoethanal diethyl aceta!). Hearing with 5 M hydrochloric acid 
(4 ml) for 0.5 h. addition of water, and evaporarion under reduced pressure 
again gives a residue which, after being dissolved in water, is extracted with 
ether to remove any arnides (e.g. benzamide in the case of benzimidate). 
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Basification with aqueous alkali and re-extraction with ether, drying, and 
removal of the solvent gives the imidazole. Recrystallization may be necessary. 
Prepared in this way have be en 2-pentyl- (75% ), 2-phenyl- (RS% ), 1-methyl-
2-pentyl- (33%) and 1-methyl-2-phenyl- (42%) imida?oles. 

The general approach of amidine cyclization has been applied to the 
synthesis of a variety of 2-substitutcd imidazoles. Aminoacetaldehyde 
dimethyl and diethyl acetals are rcadily available commercially, and thc N­
substituted derivatives can be made with littlc difficulty, providing access to 
J -suh•aituted imidazoles on rcaction with a suitablc imidate. Thus, methyl 
,B-hydrox ypropanimidate (2), prepared from 3-hydroxypropanenitrilc. and 
methanolic HCI, condenses with an aminoacetaldehyde aceta! to give thc 
amidine hydrochloride (3), which ring closcs whcn heated in acidic medium 
to form the 1-substituted 2-hydroxyethylimidazolc (4) (Scheme 2.2.3) [6]. The 
reaction has been adapted to the preparation of 2-arylimidazoles [5, 7 -11], 

""Nli.HCI 
HO(CH2 J"C, 

(2) 

CHCbOi 

OCH3 

:-<aOII ~ 
McOH 

dry cther 

NH 
l. 

CHC12C0Mc 

. ·N 

( ;\-cHo 
N 
H 

(5) 

\"H.HCI CH(OMeJ" 

HO(CH2Ji:-......_ _.....-CH2 
"! 
R 

(3) 

~ HCI 

"!~ 
HO(CH,)z-( ) 

- N 
R 

(4) 

NH 
¡¡ 

CHCI2CNHCH2CH(0Me )z 

(
6
) /.CüzH 

~CF~~H 

NH C\ 
!1 : ILNCHR'CN -·-- Et02C-C,r-;/CHR4 

H 

(7) (8) 

Scheme 2.2.3 
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2-alkyl- or 2-substituted alkylimidazoles [ 12-15], imidazole 2-carbaldehyde 
(5) [ 16] and 5-aminoimidazole-2-carboxylates (8) [l7]. Concentrated sulfuric 
acid induces cyclization of alkyl or aryl amidines, but if the alkyl group is 
large, dilute acid suffices [14, 15]. 

The aldehyde (5) can be made in high yield from the amidine (6) via the 
unisolated 2-dichloromethylimidazole (Scheme 2.2.3). Dichloroacetonitrile is 
converted into its imidate with methanolic sodium methoxide, and then into 
the amidine with aminoacetaldehyde dimethylacetal. When (6) is heated in 
formic acid it is converted almost quantitativcly into the 2-carbaldehyde; the 
use of trifluoroacetic acid at reflux gives around 60% of (5). Using essentially 
the same method, imidazole-2-carboxylic acid and its ethyl ester can also be 
made very efficiently when trichloroacetonitrile and the aceta! are used to 
prepare the arnidine [ 16]. 

N-(2,2-Dimethoxyethyl)dichloroacetamidine (6) [l6] 

A 1M sodium methoxide solution (20m1, 20mmol) is added dropwise to 
a stirred solution of dichloroacetonitrile (13.7 g, 124.5 mmol) in anhydrous 
methanol (20m1) cooled in a dry ice-acetone bath at -78,C. After 1.5 h at 
-78"C and 1 h at room temperature the solvent is removed under reduced 
pressure and at ambient temperature to give the crude imidate (15 g) as an 
oil, Vmax (CHCh) 3330 and 1670cm-t . A mixture of the imidate and amino­
acetaldehyde dimethyl aceta! (l L1 g, 105.7 mmol) is heated in an oil bath at 
80"C (interna! temperature; 1.45 h). The crude product is taken up in ethyl 
acetate and purified by column chromatography on Florisil using ethyl acetate 
to elute the crystalline product (6) (20.1 g, 88% ), m. p. 85-89"C. 

lmidazole-2-carbaldehyde (5) [16] 

A solution of the arnidine (6) (5.0 g, 23.2 mmol) in 95-97% formic acid 
(lO ml) is heated in an oil bath at 70 -80"C (20 h). After removal of the solvent 
in vacuo, benzene is added to the residue, and the mixture is evaporated to 
dryness (repeat three times). The residue is dissolved in water (9 ml), and 
solid sodium carbonate is added to raise thc pH to 8. The aldehyde precip­
itares immediately. After cooling the mixture overnight in a refrigerator the 
product is obtained by filtration and dried in a vacuum dessicator to give (5) 
(2.21 g, 99%). Sublimation at 80-90oC and 2mmHg pressure gives the pure 
aldehyde, m.p. 204-205oC. 

4(5)-Aminoimidazole-2-carboxylates can be prepared by initial formation 
of the a-amidinonitrile (7) from ethyl formimidate and aminoacetonitrile. The 
amidinonitrile can then be cyclized by heating. The overall process, however, 
also occurs merely by heating the imidate (or thioimidate) and a-aminonitrile 
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together and, as such, might be classified as a synthesis involving the forrnation 
of both 1,5 and 2,3 bonds. The products are ethyl 4(5)-aminoimidazole-2-
carboxylates (8) [17]. Similar reactions cyclize other amidinonitriles in hot 
acetic anhydride in the presence of 1 eq. of sodium acetate (which gives 
acetylaminoirnidazoles), or, when heated in pyridine, the products are 4(5)­
amidinoirnidazoles. 4-Aminoirnidazoles are never noted for their stability, 
and they are usually isolated as their arnides through reaction with acetic 
anhydride or ethyl chloroformate [7]. An improved synthesis of 5-amino-
1-hydroxyimidazole-4-carboxamide cyclizes the amidine formed when N'­
benzyloxy-N.)V'-dimethylformamidine is treated at room temperature with 2-
amino-2-cyanoacetamide. The amidine, formed in 63% yield, is ring closcd, 
again in 63% yicld, by trcatment at 60oC with boron triftuoride etherate 
in DMF. The initial benzyl ether product can be catalytically reduced in almost 
quantitative yield to the 1-hydroxy compound [ 18]. 

Guanidines are also subject to acid-catalysed cyclization, which converts 
them into 2-aminoirnidazoles. Cyanarnide converts appropriate aminoacetalde­
hyde dialkyl acetals (9) into guanidines (10), which cyclize in hot aqueous acid 
(Scheme 2.2.4) f3, 19, 20]. Sirnilarly, S-methylthioureas are converted via 
guanidines into mixtures of 2-arylarnino- and 1-aryl-2-arninoimidazoles r 19]. 

(9) 

f'NH 
ArNH-C..._ 

S Me 

R 
1 

H2N- rrNCH2CH(OR1 h 
Nll 
(lO) 

NH CH(OEth N -~ /~ -~ 
• 11 1 w )( ) + /..._ ) 

ArNH-C,N/CH2 --... ArNH N H2N ~ 
H H Ar 

Scheme 2.2.4 

3-Amino-1 ,2,4-oxadiazoles (11) are excellent sources of amidines. When 
they are treated with 1,3-dicarbonyl derivatives they are converted into 
enaminones (12), which cyclize to imidazoles in the presence of bases 
(Scheme 2.2.5). This reaction uti1izes the well-known general attack of a 
nucleophilic group in the side chain at N-2 of the oxadiazole ring. Yields 
of 2-acylamino-4-acylimidazoles usually lie between 60 and 80% f21]. The 
free amino derivatives are readily isolated after acid hydrolysis. 

General methodfor cyclization of an enaminone (12) [21] 

The enaminone (12) (0.01 mol) and sodium ethoxide (0.01 mol) are mixed in 
dry DMF (50rnl) and heated at llOoC (2.5-3h). After removal ofthe solvent 
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(11) (12) 

Scheme 2.2.5 

EtONa -DMF, 
li0°C 

;(~OR2 
RCONH N Rl 

H 

under reduced pressure, the residue is dissolved in a minimum amount of water 
containing a few millilitres of 10% sodium hydroxide. Neutralization of the 
solution with acetic acid precipitates the product, which is rccrystallized from 
solvents su eh as ethanol, petroleum ether, benzene, and ethanol- water ( 1: 1 ). 
Substituent groups R, R 1, R2 can by alkyl or aryl, while R2 can also be ethoxy. 

Benzarnidine combines with 2-amino-3-phenacyl-1 ,3,4-oxadiazolium 
bromides to give 1-acylarnino-2-benzimidoylamino-4-arylimidazoles. Yiclds 
are only moderate (14-43%), but the reaction works for a variety of 4-
arylimidazoles [22]. Reactions of N-methyl-N-(N'-phenylbenzimidoyl)amino­
acetonitrile (13) under acidic conditions lead to imidazolium salts which 
have amino (14) or arnido (15) groups in the 4-position (Scheme 2.2.6). 
The 4-amino salt (14) undergoes Dimroth rearrangement to the 4-
phenylaminoimidazole (16); direct conversion of (13) into (16) also occurs 
in warm alkali [8]. A Claisen rearrangement of the adduct (17), which forms 
from interaction of an arylarnidoxime anda propiolate es ter, provides a method 

dry HO NPh 
11 

PhC-N(Me)CH201 

(14) \di 
\ilKOH 

PhNH 

(1~) 
warrn 
KOH 

Me 
1 

~rPh 
(16) 

:>~H..-0'cH 
ArC(NH2)=NOH R~CO=QI_. Ar--t ~H 

11 1 
NH C02R 

(17) 

Scheme 2.2.6 

MeCOO 

Me 
1 

\(rPh 
McCONH_}.-!_;I,Ph 

(15) cr 
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TABLE 2.2.2 
Imidazo1es made by cyclization of amidines or guanidines 

R4 

Jc~R2 
R5 N 

Rl 

Rl Rz R4 Rs Yie1d (%) Ref. 

H (CHzhOH H H 40 12 
Me (CHzhOH H H 65 12 
H ArOCHz H H 5-87 13 
H Ph NHAc H 49 7 
A e Ph NHAc H 15 7 
H Ph NHCOzEt H 39 7 
H Ph NHAc Me 70 7 
H COzEt H Nlfz 91 17 
H C02Et C02Et NIIz 92 17 
H COzEt CONHz NIIz 92 17 
H CHO H H 99 16 
H CD3 H H 66 15 
OH H CONHz NIIz 63• 18 
2,6-MezCóHJ Ph CF3 F 58 9 
2,4,6-Me3C6Hz Ph CF3 F 63 9 
2,6-Me2CóH3 2-CIC6~ CF3 F 65 10 
H COzEt H H 78 16 
H C02H H H 94 16 
(CHzhNMez NHz H H 3 
H NMez H H 83 20 
H Ph COz Me H 72 23 
H Ph COzEt H 70 23 
H 4-CIC6~ COz Me H 61 23 

•o-benzyl derivative. 

of making 2-arylimidazolc-4-carboxylates in good yiclds (Scheme 2.2.6) 
f23, 24]. Table 2.2.2 lists imidazoles made by ring closure of amidines or 
guanidines. 

An electron-deficient carbon bearing a trifiuoromethyl group becomes part 
of an imidazole ring when Schiff bases (18) made from amidines and hexa­
fiuoroacetone are reduced by tin(II) chloride (Scheme 2.2.7). The 5-fiuoro-
4-trifluoromethylimidazoles (19) are isolated in 58-65% yields [9-11]. The 
fiuoro substitucnts in the 5-position are readily displaced by nucleophiles such 
as alkoxy or cyanide, thereby extending the versatility of these syntheses f9]. 

When 4H -1 ,3-benzothiazine-4-thiones react with propargylamine, imida­
zoles are formed in 53-72% yiclds via amidine intermediates. This approach 
is, however, a little exotic to compete with the more common methods f25]. 
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~1 

NR1 

R--< 
NHz 

(CF3),CO NR1 

R-C~ 
'N=C(CF3)z 

SnO, 
N F 

R~x 
N CF3 

I00-120" e 

(18) (19) 

Scheme 2.2. 7 

The great versatility of DAMN in im..idazole synthesis has already been 
discussed (see Section 2.1.1 ). It also has applications under the present heading 
because the reagent can be converted into am..idinium salts (20) by nitrilium 
trifiates. In the presence of varying strength bases and temperatures (20) 
are transformed into 5-am..inoim..idazoles, substituted in the 4-position by 
nitrile (21), cyanoformim..idoyl (22) or carboxamido (23) (Scheme 2.2.8). The 
amidinium salts (20) are isolated as mixtures of cis and trans isomers. The 
yields quoted for (21)-(23) have not been optimized, and their low recuveries 
refiect poor solubility in the usual solvents used for extraction f26, 27]. Since 
nitrilium salts with R1 = H are unstable, it is not possible to prepare similar 
im..idazoles which have no 2-substituent by this method. 

Me 

NH 
R 1 -1> CN + 

~->--eN 
NH2 

(20) 

N%0H RT. 
boil ~aOH 

~e NHz 
pH8-9l aq. NazCD, 

Me RI--{ X 
N CONH2 

(23) 

~e NHz 

Rl--{ X 
N CN 

(21) 

(
RI=Ph 50%) 
R1=Me·.-32% 

Scheme 2.2.8 

NyNHz 
RI--{ 1 

NYH 

(22) CN 
(RI =Me, 80%) 

Reaction of DAMN with formamidine gives the formamidine (24), which 
can either lose ammonia to form imidazole-4,5-dinitrile (25), or isomerize 

. and then cyclize with elimination of HCN to form 4-am..inoim..idazole-5-
nitrile (26) (Scheme 2.2.9) [28, 29]. The latter compound is of value for its 
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conversion in the presence of excess formamidine into adenine; with urea it 
gives guanine [30]. Forrnamidine acetate in refluxing ethanol, however, only 
gives a 2% yield of the formamidine (24) [30], and it is preferable to prepare 
it from thc imidate (27) which is formed in high yield (80-85%) when DAMN 
is refluxed in dry dioxane with triethyl orthoforrnate (Scheme 2.2.9) [27]. 
At low temperaturcs in the presence of aniline hydrochloride as a catalyst 
the imidate reacts with ammonia to give the forrnamidine (24) in 95% 
yield. Aqucous ammonia converts (24) into (26); acetic acid leads to the 
dinitrile (25); barium hydroxide is best for formation of 4-cyanoforrnimidoy1-
5-aminoimidazole (28). The base chosen to produce (28) is quite critica!. If 
it is too weak the reaction will be too slow, and the product is likely to 
decompose. Saturated aqueous sodium carbonate or 1 M sodium hydroxide 
cause rapid cyclization, but base subsequently attacks the product to eliminate 
HCN and forrn (26). It is best to treat an ethanolic solution of (24) with solid 
barium hydroxide, which gives a 72% yicld of (28) f27, 291. 

HjíOEt 

NXCN 

HzN CN 

(27) 

NCxN=CH-NHz DAMN 

NC NH2 
(24) 

7 Ba(OH}, 
NHJ/ 1 

NC ):N 
HN=C N_;\ 

\ H 
NHz (28) 

Scheme 2.2.9 

~CN NCXN 

1 > 
HzN N 

H 
(26) 

Ethyl (Z)-N-(2-amino-1,2-dicyanovinyl) formimidate (27) [27] 

(25) 

A mixture of DAMN (2.0 g, 18.5 mmol) and triethyl orthoforrnate (2.74 g, 
18.5 mmol) in dioxane (31.5 ml) is heated in a fiask fitted with a short Vigreux 
column, distillation head, condenser and receiver. Ethanol mixed with dioxane 
is removed continuously until the temperature at the distillation head reaches 
90° e ( ~ 17 ml, ~ 10 min ). The clear brown solution remaining is allowed to 
cool ovemight before the addition of hexane (16ml), which precipitates dark 
brown crystals. Complete precipitation is ensurcd by the addition of further 
hexane. The filtercd solid is dissolvcd in the mínimum volume of hot diethyl 
ether, filtered to remove a dark brown solid impurity, then cooled to give (27) 
as white needles (2.55 g, 84%), m.p. 132SC (dec.). 
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(Z)-N-(2-Amino-1,2-dicyanovinyl) formamidine (24) 

Ammonia is bubblcd (30 min) through a cold suspension of (27) ( 4.0 g, 
24.36mmol) in dry chloroform (90ml) containing a catalytic amount of 
anilinium chloride. Whcn all of the imidate has dissolved, the solution is 
allowed to warm to room tcmperature and stirred (19 h), during which time 
the product separates as an off-whitc solid. Aftcr filtering, washing with dry 
ether-dry chloroform, and drying in vacuo, (24) is obtaincd (3.11 g, 95% ), 
m.p. > 300oC. 

5-Amino-4-( cyanofonnimidoyl)imidazole (28) 

Solid barium hydroxide dihydrate (8.0 g) is added to a suspension of the 
amidine (24) (3.0 g, 22.2 mmol) in 95% aqueous ethanol (270 ml), and thc 
mixture is stirred vigorously (~so min), till TLC shows that all of the (24) 
has been consumed; the solution turns deep yellow. Ether (300m!) is addcd, 
and carbon dioxide is bubblcd through the solution (lO min). The precipi­
tated barium carbonate and unchanged barium hydroxide are filtcrcd off and 
the solid is washed with ethcr. The combincd filtratc and washings are rotary 
evaporated below 30oC to givc the product as a palc green so lid (2.17 g, 72% ), 
m.p. > 300oC (dec.). 

This general reaction can be adapted to prepare analogous 1-arylimidazoles 
by treatment of the imidate (27) with an arylaminc at room tcmpcrature 
in thc prcsencc of a little anilinium chloride (Tablc 2.2.3). Yiclds of 
arylformamidincs are usually around 60%, but vary betwcen 35 and 95%. 
Elcctron-attracting groups in thc aryl ring dccrcase the nucleophilicity of 
the amino group, Jcading to low yiclds. The reaction provides the first 
general mcthod of prcparation of 5-amino- 1 -arylimidazole-4-carbonitriles (and 
the 1 -aryl ana!ogucs of (26) [31, 32 ]). The former are isolated when the 
arylformamidincs are treated with ethanolic potassium hydroxide; the latter 
result when cthanolic or ethyl acetate so!utions of thc arylformamidincs are 

TABLE 2.2.3 
1-Aryl-5-aminoimidazo1e-4-nitriles made from (27) [32] 

1-Aryl group Yield (%) 1-Aryl group Yield (%) 

Ph 
4-MeOC,~ 
2-Me04~ 
3,4-(MeO)zC6H3 
2,4-(MeO)zC6H3 
4-MeCólL 
2,4-Me2C6H3 

90 
86 
75 
89 
83 
96 
86 

4-PhCH20C61-L 
4-C!C,;J-L 
4-FC6!-L 
4-NHzC61-L 
3-~HzCóH¡ 
4-N02C6H¡ 
4-CNCói-L 

95 
70 
86 
67 
75 
80 
85 
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treated with a few drops of 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) for 
1-3h. 

5-Amino-1-aryl-4-( cyanoformimidoyl)imidazoles f32] 

To a stirred solution of the formarnidine (1.00 g) in either dry ethy1 acetate, 
ethanol, or a 1:1 mixture of ethy1 acetate and "isopropanol is added DBU (lO 
drops, 50 ~-ti), and the reaction is monitored by TLC (Camlab polygram G254 

silica gel; 9:1 chloroform-ethanol). The solid dissolves, and after 1-3h the 
product precipitates as an off-white to paJe yellow product, which is filtered 
off, washed with diethyl ether or 1ight petroleum, and dricd under vacuum to 
give the title compounds in 53-96% yields. 

5 -Amino-1-aryl-4-cyanoimidazoles [32] 

An aqueous solution of 1 M potassium hydroxide (1 ml) is added to a suspen­
sion of the formamidine (1 mmo1) in ethanol (1 ml). The mixture is stirred 
at room temperature (""'1 h). The precipitated product is filtered, wa<>hed with 
water, a few drops of ethano1 and, finally, with diethyl ether before drying 
under vacuum. (See Tab1e 2.2.3.) 

Similar! y, 1-aralkyl analogues can be made by base-induced cyclization 
of N-aralkyl formamidines rclated to (24) (e.g. 5-amino-1-benzyl-4-
cyanoimidazole (77%)) [33]. 

The imidate (27) reacts at IOOOC with excess triethyl orthoformate to 
give 4,5-dicyano-1-ethylimidazole after vacuum distillation. The reaction 
becomes economically competitive with other reactions which alky1ate 4,5-
dicyanoimidazole since the I-alky1-4,5-dicyanoimidazoles can be made in 
one-pot reactions merely by heating DAMN at HXtC with excess ortho 
ester. No co-solvent is necessary. Presumably, (27) forms frrst, then 4,5-
dicyanoimidazole, then the 1-alk:yl derivative, with the anion of 4,5-
dicyanoimidazole probab1y being the reactive species. Imidazole itself is not 
N -alkylated by ortho esters; instead it induces alkoxide displacement to give 
amide acetals f34]. 

4,5-Dicyano-1-methylimidazole f34] 

A mixture of DAMN (100 g, 0.925 mol) and trimethyl orthoformate (350 mi, 
3.20 mol) is stirred and heated under partial retlux through a 25 cm Vigreux 
distillation column. Around 200 mi uf distillate, mainly methanol and methyl 
formate, is collected, b.p. 50-70°C, over 140 min. The distillation tempera­
ture is allowed to rise to 1 02°C, and distillate is slowly collectcd over 2 h 
(the pot temperature is 115°C). The fractionating column is removed, and 
the bulk of the remaining ortho ester is distilled off. The residue is distilled 
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using a Kugelrohr apparatus (1.5 mbar; oven temperature 130-140oC) to give 
the titlc compound as a co1ourless solid (I17.3g, 96%), m.p. 87-89oC. Sirni­
larly prepared are the following 4,5-dicyanoirnidazoles (1- and 2-substitucnts, 
tcmperaturc (rcaction time), yield, m.p. listed): 1-Et, 100 (1 h)-150'C (3 h), 
97%, 67-68'C; 1,2-Mez, 100-75'C (18h) (with added triethylarninc), 76%, 
101- 103'C. This method is slowcr and less efficient with tri-n-propyl, tri-n­
butyl and triisopropyl ortho csters [34]. 

The cyclization of formarnidincs (24) has bccn extended to similar reac­
tions of arnidrazones (29), which give 1,5-diaminoirnidazoles when treated 
with bases (Schcme 2.2.10). Again, dcpending on thc basic strength, the 4-
substitucnt is cyano or cyanoforrnimidoyl. Thc arnidrazones are available in 
almost quantitative yicld by treatment of thc irnidate (27) with hydrazine 
hydrate at room tcmperature [35]. 

!MKOH 
H2NH~ ~ 

HC=NxCN 

HzN CN 

(&2'*:) 

(29) ~ 
&OH, !S'C 

Scheme 2.2.10 

(Z)-N3 -(2-Amino-1 ,2-dicyanovinyl)fonnamidrazone (29) [35] 

Hydrazine hydratc (0.39 g, 0.38 ml, 7.72mmol) is added at room temperature 
toa suspcnsion of (27) (1.27g, 7.72mmol) in dry dioxane (8m1). An imme­
diate and slightly exothermic reaction givcs a yellow solution, from which the 
product precipitates as yellow nccdles. Filtration, washing with diethyl ether, 
and drying in vacuo gives (29) (1.13g, 98%), m.p. > 300'C (dec.). 

1,5-Diamino-4-cyanoimidazole [35] 

The formamidrazone (29) (1.01 g, 6.73 mmol) is dissolvcd in aqueous 1M 
KOH (10 ml). A ycllow solid soon precipitates. Filtration, washing with 
ether and drying as bcfore givcs the titlc compound (0.68 g, 82% ), m.p. 
214-215.5'C (dec.). 
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The utility of ureas and thiourcas as substrates for making imidazolcs is 
limited by thc fact that thc imidazole 2-substituent can only be an oxygcn 
or sulfur function. Synthetic methods involving ureas and thioureas will also 
be discussed in Section 4.1, but sorne cyclizations of suitably functionalized 
species fall under the present heading. Appropriately substituted ureas and 
thioureas can be made from isocyanates and primary amines [36-38], from 
isocyanates and hydrazines [39] or thiocyanates and hydrazincs [40], from a­
aminonitrilcs and carbon dioxide [41] and by heating 1,3,4-oxadiazol-2-oncs 
with amino acids [42]. Sorne of thc substrates prepared in thcsc ways, though, 
lead ultimately to rcduced imidazoles such a~ hydantoins. Cyclizations are 
usually acid catalysed, but they can al so be thermal r 43 J. 

Suitablc ureas have been prcpared by treating 1-hydroxylarnino- or 1-
alkoxylarnino-2,2-diethoxyethane with cyanic acid or an arylisocyanate, 
or by the addition of hydroxylamine (or an alkoxyarninc) to 2,2-
diethoxyethylisocyanate. From the urca intermediatcs (30)-(32), 1-
alkoxyimidazolin-2-oncs (33) are formcd in ~80% yiclds on acíd 
treatmcnt (Scheme 2.2.11). Catalytic rcduction quantitatively convcrts the 
alkoxyimidazoles into thc hydroxy analogucs [37, 38, 44, 45]. 

__ HOCN 

H20. 2íl"C 
(EtO)zCHCH2N(OR)CONH 2 

(30) (-80%) 

(EtO)zCHCH2N(OR)CONHAr 

(31) (40-95%) 

~ ~HCI. 
20L~H 

F\ 
H:>IYN-OR 

o 
(33) 

RONH¡,CH03 

20"C 

~HCJ. 
(EtO)zCHCH2NHCONHOR EtOH,20T 

(32) (70-93%) 

Scheme 2.2.11 

3-Butynylurea and the corresponding thiourea cyclize in sulfuric acid to 
form 4,5-dimethylimidazolin-2-one and thc analogous 2-thione f43]. 

Among thc possible approachcs to the preparation of 4-aminoimidazoles is 
the cyclization of a-cyanoalkyl cyanarnidcs (34). When treatcd with anhydrous 
hydrobromic (\Cid they givc 4(5)-amino-2-bromoimidazoles (35) in a process 
which bears formal similaritics to arnidine cyclizations (Scheme 2.2.12). The 
instabilitics of many 4(5)-arninoimidazolcs necessitates their conversion into 
the more casily handled acctyl dcrivativcs using acetic anhydride [46] (see 
also Section 3.1.1). Table 2.2.4 lists sorne exarnplcs. 
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NC-NRICH(RS)CN ~ 

(34) 

(35) 

Scheme 2.2.12 

TABLE 2.2.4 
4(5)-Amino-2-bromoimidazoles (35) made by cyclization of 34 [46] 

Rs Yield (%) RI Rs Yield (%) 

H 33. Ph 3-CIC61-L. ss• 
H 53. Ph 4-ClC6~ so• 
H 47• Ph 2,4-Clz4H3 68 
H 82" Ph 2-MeOC6~ 82 
Ph 82 PhCH2 H 68" 
2-CIC6lL lO CHzCN H 5-65• 

•rsolated as the acetyl derivative. 

The thermal ring closurc of cnecarbamoyl azides to imidazolones and 
rcduced indazoloncs as minor products is unlikely to ha ve compelling synthctic 
application [47]. The unusual cyclization of benzil monohydrazones to 4,5-
diphcnylimidazoles involves brcaking and reorganizing an N-N bond. It 
is possiblc that this reaction procccds through a diaziridine intermediatc or 
a four-membcred ring ylide. The rcaction may have synthctic possibilities 
because yiclds of 4,5-diphenylimidazoles are 58-95%, and the benzil N­
alkylhydrazones are readily made from benzil and 1, 1-dialkylhydrazincs [48]. 

fl,y-Acetylenic carbanilides cyclize and subsequently isomcrizc to 2(3H)­
imidazolcthioncs and 2(3H)-imidazolones when trcated rcspectivcly with 
hydrogen · sulfide or potassium hydroxide in t-butanol. Although yiclds 
are almost quantitative, this approach does not appear to be particularly 
convenicnt [49]. Mixtures of imidazoles and pyrazolcs are formed when 
phenacylcthylene ketal hydrazones of benzaldehyde and acctaldchyde are 
trcated with alurninium chloride in benzene [50]. 

2.2.2 Benzimidazoles 

Under oxidative or acidic conditions, or merely by heating thc rcagents, 
appropriately functionalízed aryl-amidines or -guanidines cyclize to 
1-alkyl or 1-aryl-benzimidazoles [51, 52]. If guanidines are employed, 
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RCONH'(XN 
' / :r--NHC02Me 
~ N 

H 

(36) (17-50%) 

2-aminobenzimidazoles (36) result [53-55]; N-arylbenzamidines give 2-
phenylbenzimidazoles (77-83%); N-arylphenylacetamidines give 2-benzyl­
benzimidazoles (86-98%) (Scheme 2.2.13) [51]. 

Oxidation ofN-phenylphenylacetamidine; 2-benzylbenzimidazole [51] 

To a stirred solution of N-phenylphenylacetamidine (2.10 g, 0.01 mol) in di­
chloromethane (25 mi) and pyridine (8 ml) is added lead tetraacetate ( 4.88 g, 
0.011 mol) is small portions over 15 min. After complete addition the mixture 
is heated in an oil bath at 80-90oC ( 1.5 h) before removal of the solvent under 
reduced pressure, and extraction of the residue with hot benzene. The benzene 
extract~ are washed with water and dried (Na2S04) before rotary evaporation 
of the solvent to gi ve 2-benzylbenzimidazole ( 1.89 g, 90% ), recrystallized from 
henzene, m.p. 182-183oC. 

The appropriate amidines can be made from nitriles and metal arnides, 
but reaction conditions appear to be critica! with best yields reported using 
DMSO-THF. Alkylchloroaluminium amides, which can be generated from 
trimethylaluminium and arnmonium chloride or amine hydrochlorides, have 
been shown to add efficiently to nitriles to give high yields (60-95%) 
of suitable amidines. Similarly, N-alkylcyanamides can be converted into 
guanidines, in an approach which appears to be useful and potentially quite 
general. Yields, however, are not always good [56]. 

N-Arylbenzimidazolones can be prepared in low to moderate yields 
from N,N' -diarylureas with sodium hypochlorite, e.g. 6-chloro-1-phenyl-2-
benzimidazolone (49%) [57, 58]. Similarly, in a one-pot reaction, N-methoxy­
N'-arylureas react with t-butyl hypochlorite to forrn unstable N -chloro-N­
methoxy-N'-arylureas which cyclize in basic media to give 1-methoxy-2-
benzimidazolones (56-83%) f59]. 
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2.3 FORMATION OF THE 4,5 BOND 
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\ e, ,e 

N 
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R 

[) 
N 

1 

R 

This is an uncommon synthetic approach to imidazoles, being largely 
confined to examples in which an active methylene group cyclizcs on to 
a nitrile carbon. There are, naturally, no such examples of benzirnidazole 
synthesis. 

Acyclic precursors (S) for these cyclizations can be made by alkylation 
of arylaminomethylenc cyanamides (l) (R1 = SMe) with a-halogenocarbonyl 
reagents [ IJ. Altematively, condensation of 2-aminonitriles (or glycine esters) 
with N -cyanoacetamido estcrs (2) in the presence of triethylamine can be u sed 
to prepare suitahle substrates (6) for cyclization. Subsequent base-catalysed 
ring closure gives 4-aminoimidazoles (3) and (4) in 40 90% yields fl, 2]. 
(See Table 2.3.1 and Schcme 2.3.1.) Such synthctic procedures provide useful 
altematives in the preparation of 4-amino-5-cyanoimidazoles (see also the use 
of DAMN, Sections 2.1 and 2.2) in that the hctaryl N -suhstituent is put in 
place before cyclization in these latest examples. The N-cyanoamidine inter­
mediares (5) and (6) can be isolated in good yields (40-85%), hut they need 
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R 
1 

R.,"'H-C-NCN + BrCH2C'OR2 

(l) (R 1=H, SMe) 

NaO& -ErOH 

:\'CN 

NH, 

R'~~C~R2 
1 

R 
(3) 

)\ + RNHCH2C:-.i HC'l 
R' OMe 

(2) 

~ 
DMF 

Scheme 2.3.1 

TABLE 2.3.1 

N~CN 
11 

/C, ,CH2COR2 
R' N 

R 

(5 ) !\'Hz 

~-< 
R1/l(NACN 

1 

R 

(4) 

t 
NaOEr 1 FlDII 

N/CN 
11 

,C, ,CH2CN 
Rl' N 

1 

R 
(6) 

4-Am..inoimidazoles (3) and (4) and precursors (5) and (6) made by 
alkylation of (1) and (2) by a-halogenocarbonyl reagents in basic medium 

R R' R" Producl~ (yield, %) Re f. 

Ph H OEt (5) (85) . (3) (85)" 
Ph H Ph (5) (84) (3) (88)• 
p-CIC6~ H OEt (5) (79) (3) (83)" 
p-Me0C6~ H Ph (5) (68) (3) (84)a 
Ph MeS Ph (5) (62) (3) (90)" 1 

Ph MeS OEt b (3) (68)" 1 
Me MeS OEt (3) (45)c 1 
CH2 CH=CHz MeS OCt (3) (41)' 1 
Me Me (6) (68) (4) (79)d 2 
H Me (6) (41) (4) (4l)d 2 
Me Me (6) ( 49) (4) (88)d 2 
H Me (6) (70) (4) (63)J 2 

"Yield based on (S). 

b(S) not isulated. 
e Yield ha sed on ( l ). 
dYield based on (6). 
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not be isolated in all cases. Consequently, sorne syntheses classified in this 
ciass could also be listed undcr 1 ,5 and 4,5 bond formations. 

f\-Ethoxycarbonylmethyl-~' -cyano-N-phenylformamidine (5) (R = Ph, 
R1 =H. R2 = OEt) [11 

A mixture of (1) (R = Ph) (1.5 g) and ethyl bromoacctate (1.7 g) with dry, 
powdered potassium carbonate (1.4 g) in absolute ethanol (10-15 ml) is 
warmed at 75 -80T for 30 min. The cooled solution is then stirred into 
!50 mi of water, treated with a little acetic acid, concentrated, and allowed 
to stand at room temperature. The product which separates is filtered and 
recrystallized from ethanol. giving (S) (R = Ph, R 1 =H. R2 = OEt) ( 1.9 g, 
85% ), m.p. 84- 86oC. 

Ethyl 5-amino-2-phenylimidazole-4-carboxylate (3); (R = Ph, R1 = H, 
R2 = OEt) 

The above phenylforrnamidinc (2.1 g) (note: the crude product can also be 
used in the cyclization step) is warmcd in a sodium cthoxide solurion made 
by disso1ving sodium (0.5 g) in ethano1 (15 mi). Al! of the phenylformamidine 
dissolves in 3-5m in. After 15 min a 2- 3-fo1d volumc of water is added to the 
so1ution, which is allowcd to stand (1 h) to crystallize. Recrystallization from 
elhanol gives ncarly co1our1ess crystals ( 1.8 g, 85%), m. p. 97 -99'C. 

A similar reaction sequen ce condenses N -cyanoiminodithiocarbamíc 
esters (7) with a-cyanoammonium salts (c.g. sarcosine nitri1e sulfate) 
(Scheme 2.3.2). The isothiourea product (8) readi1y cyclizcs to give 4-amíno-
5-cyanoimidazo1es when heated with sodium ethoxide in DMF so1ution. It 
is possible to convert thc dithiocarbamic esters directly into imiuazoles íf 
they are heatcd in DMF solutíon with sarcosine ethy1 ester hydrochloride or 
methylaminoacetophenone in the prcsencc of triethyamine [3]. These dírect 
cyclizations are. howcvcr, cxamples of both 1,2 and 1,5 bond formation. (See 
also Section 3.2). 

When carbanions are generatcd from the products of reaction between 
azirines and forrnamidine, a similar proccss also leads to imidazoles in 
moderate yields. Azirincs are, howcver, rathcr too exotic as substrates to make 
this an appealing synthetic approach f4 ]. Treatmcnt of perhydro-1,3-thiazine-
2-thione wilh trifluoracetic anhydride gives an imidazothiazine [5]. 

Imidazo1es can be made by 1 ,5-dipolar cyclization of suítab1e 2-
azavinamidínium salts [6. 7]. Such salts (10) are rcadily made from amidines 
(or guanidincs) and amido or ureido chloridcs (9), and in thc presence of 
sodamide in liquid ammonia they cyclize to form electron-rich imidazoles 
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/S Me (MeÑH,CHzCNJ,S042· 
N e ~=e, BOH: F13N S Me 

(7) 

+ 1 . ~MD<~ MeNH2CH2CO,Et O N 

Et,N 1 DMF DMF 

t 

H2K):~ 
Et02C 7 SMe 

H,X~ 
PhOC N SMe 

Me Me 

(50%) 

Scheme 2.3.2 

e1'('~Me2 

R ct 

(9) 
NaNH2 / 

Me2K ¡/ 

t:l N R 
1 

Me 
(11) 

Scheme 2.3.3 

S Me 
1 

KC-N=C-7-eH2eN 

Me 
(8) (45%) 

¡~~ DMF 

H2N) ·N 

7~ 
~e 7 SMe 

Me 

(100%) 

(Scheroe 2.3.3). The approach has been used to roake iroidazoles (11) with 
diroethylaroino groups in the 4- aml/or 2-positions. Such coropounds are not 
well known (they are inclined to be sensitive to the effects of air and moisture, 
and their behaviour in electrophilic aroroatic substitution rcactions parallels 
that of N,N-diroethylaniline [8]), and the roethod is of valuc for that reason 
alone. Its widcr application to iroidazole synthesis seems unlikcly. 

N, N -Dimethyl-( 1-t-butyl-3, 3-bis[ dimethylamino ]-2-aza-3-propenyliden)­
ammonium perchlorate (10) (R = tBu) [6] 

To N,N-dimethyltrimcthylacetaroido chloride (9) (R = tBu) (6.23 g, 33 romo!) 
dissolved in dichloromethane (50 mi), an ethereal solution of tctramethyl­
guanidinc (7. 79 g, 66 mrool) is added dropwise with stirring. After heating 
thc mixture for l h under reftux, the solvent is removed under reduced pres­
sure, and the residue taken up in a little water before addition of a saturated 
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aqueous solution of sodium perchlorate. The precipitated perchlorate salt 
is isolated as colourless plates after recrystallization from ethanol (71%), 
m.p. 96-97°C. Similarly prepared in 93% yicld is (10) (R = NMe2). 

1-Methyl-2,4-bis(dimethylamino)imidazole (11) (R.= NMe2 ) [6] 

Toa suspension of sodamide in Jiquid ammonia (200ml) (add sodium (3.91 g, 
170 mmol) in portions with vigorous stirring to the ammonia) is added (10) 
(R = NMez) (10.7 g, 34mmol). After 45 min, pentane (l50ml) saturatcd with 
nitrogen is added, and the mixture is very gently warmed, or allowed to stand, 
until the arnmonia has evaporated. The pentane solution is decanted, rotary 
evaporated and the residue is distilled using a Kugelrohr apparatus to gi ve a 
paJe yellow liquid, b0.8 70°C, in 70% yield. Similarly prepared is 2-t-butyl-1-
methyl-4-dimethylarninoirnidazole, b0.8 65"C. 
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Two Bonds: [4 + 1] Fragments 

3.1 FORMATION OF 1,2 ANO 2,3 BONOS 

3.1.1 

fl) 
"N 

H 

lmidazoles 

As will be discussed in Section 3.1.2 the most common approaches to benz­
imidazoles involve cyclizations of o-arylenediamines with suitable carbonyl 
species. This general strategy can be applied to uncondensed imidazoles by 
similar cyclization of 1.2-alkylenediamines ( or 1 ,2-diaminoalkanes in the pres­
ence of a dehydrogenating agent). Such syntheses ha ve been best adapted to the 
preparation of 2-alkyl- and 2-arylimidazoles. Thus, when a 1 ,2-diaminoalkane 
is treated with an alcohol, aldehyde or carboxylic acid al high temperature. 
and in the presence of a dehydrogenating agent, the products are 2-substituted 
imidazoles (Scheme 3.1.1). Suitable dehydrogenating agents include platinum 
and alumina, or palladium on carbon [1-6]. When there is no dehydrogenating 
agent present the products will be imidazolines or imidazolidines. The C-2 
fragment can also be introduced by replacement of the carbonyl reagent with 
an iminoether hydrochloride, an amidine hydrochloride. a thioamide ora nitrile 
[7]. Apart from the high temperatures often needed to carry out the reactions, 
another problem is product purification. One method is to distil the product 
azeotropically with an aralkyl hydrocarbon whose boiling point is 10-40'C 
lower than that of the imidazole. 2-Methylimidazole can be purified by distilla­
tion with 1- or 2-methylnaphthalene, and then isolated by washing with toluene 
or pentane, solvents in which the azole is only sparingly soluble. On the labo­
ratory scale, however. combinations of acidification and extraction methods 
are likely to be more convenient [8]. Reaction yields can be high, but the 
methods are experimentally complicated. The manufacture of irnidazole itself 
uses a modification of the general approaches [3, 4]. When carbon disulfide 
is introduced as the C-2 fragment the products are imidazolidin-2-thiones [9]. 
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RCOOH, 400'C 

PI/AI20,IH2 

Scheme 3.1.1 

A specific synthesis of 1,4- and 1,5-disubstituted imidazo1es has 
been accomplished in about 70% yields by cyclization of 2-amino-
3-methylaminopropanoic acid and 3-amino-2-methylaminopropanoic acid, 
respectively, with tricthyl orthoformate (Schemc 3.1.2). The initial product 
is thc 2-imidazoline, which needs to be aromatized by treatment with active 
mangancsc dioxide [10]. 

Scheme 3.1.2 

1-Methyl-2 -imidazoline-4-carboxylic acid [ 1 O] 

2-Amino-3-mcthylaminopropanoic acid hydrochloride ( 4.0 g) is stirred with 
freshly distillcd triethy! orthoformate (40 mi) in the presence of 36% HCJ 
(2.5 mi) at 90-lOO•c ( 12 h). During the initial few hours of heating, a low­
boiling (56•q distillate is collected, and fresh triethyl orthofonnatc ( 10 ml) is 
added after the first hour. The mixture is cooled, and the salid imidazolc is 
filtered and washed with a little acetone (3.38 g, 79% ). Recrystallization from 
absolute ethano1 givcs the pure product, m.p. 194-195"C. 

Methyl 1-methyl-2-imidazoline-4-carboxylate [10] 

To a suspension of the acid (11.1 g) in dry methanol (125 ml) is addcd 2 g of 
molecular sievc. Dry HCl is bubblcd in rapidly until thc solution is saturated, 
and then more slowly whilc the solution is refluxed (4 h). The exccss HCI 
is removed in a stream of nitrogen, and the solution is neutralized with 
salid sodium bicarbonate. Most of thc methanol is evaporated, thc residuc 
is dissolved in water, and thc mixture is filtered, cooled in an ice bath, and 
adjusted to above pH9 with cold sodium carbonate solution, befare extracting 
with chloroform. The dried extracts are rotary evaporated to leave a pale 
ycllow oil (81% ). The crude product seems to be unstable when distilled, and 
is bcst dchydrogenated without purification. 
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Methyl 1-methylimidazole-4-carbo:xylate [10] 

To a solution of the imidazoline (7 .5 g) in chloroform (150 mi) is added active 
manganese di oxide* (30 g). The suspension is stirred at room temperature 
( 16 h) then filtered, and the salid washed with hot chloroform. Evaporation of 
the combined chloroform fractions gives the imidazole ester (5.2 g). Sublima­
tion at 80"C (0.05 mmHg) gives the pure product, m.p. 97-98"C. 

• Active manganese dioxide is available commercially from a number of suppliers. 
It can also be prepared quite readily (see L. F. Fieser and M. Fieser, Reagents for 
Organic Synthesis, Wiley, Chichester, 1967, p. 637). 

Another interesting example of the method involves making the 1,2-diamine 
by a Diels- Alder reaction. The 2-substituted imidazoles which result are 
isolated in yields of 40-79% based on the diamine (Scheme 3.1.3) [11]. 

RC(OB}, 

HOAc 
/~~~R ---=de=c=aiin~_.. líJ-.... ~ 185-195"C, 

~ 3-4h 

(62-87%) {R(%): Bu (73), Ph (54), OB (70)) 

Seheme 3.1.3 

lt has been known for many years that 1,2-dibenzoylaminoethene (which 
forms when imidazole is benzoylated under Schotten-Baumann conditions) 
can be recyclized to 2-methylimidazole when heated with acetic anhydride at 
180"C. Although sorne other acid anhydrides take part in this reaction, it is 
not synthetically viable for a wide range of 2-substituted imidazoles [12, 13]. 

When 3-arylamino-2-nitro-2-enones (1) condense with orthoesters in the 
presence of reducing agcnts, 4-methoxycarbonylimidazo1es are produced, 
alheit in on1y moderate yiclds (Scheme 3.1.4) [14]. The synthetic utility of 
this method is probab1y limited to occasions when particular 4-acy1imidazo1es 
are desired (see also Sections 7.2.2 and 8.3). 

A corollary of the foregoing reactions is the conversion of (2) into the 
5-hydroxyimidazo1e (3) by treatment with an orthoester (Scheme 3.1.5) [ 1 S]. 

Suitable 1,2-diimino species can replace 1,2-diaminoalkanes or -alkenes 
in cyclizations of this general type. Thus, diazadienes (4), which are easily 
prepared from glyoxal and primary amines, can be converted into 2-substituted 
1 ,3-dialkylimidazolium salts by treatrnent with dry HC1 (Scheme 3.1.6) 
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[16]. Similar trimethylsilyldiimines are converted by phosgene into 2-
imidazolinones [ 17]. There are also similarities in the reaction of cyanogen 
with aldehydes in the presence of HCI. The products are 2-substituted 4,5-
dichloroimidazoles in yields of 36-72%. This reaction sequence has value 
because of the difficu1ty of access of 4,5-dichloroimidazoles, but it is rcstricted 
to aldehydes which cannot enolize and undergo altemative Aldol-type side 
reactions. In addition, basic heteroaromatic aldehydes form salts under the 
reaction conditions [18]. 

Synthetic methods based on the versatility of DAMN have already been 
discussed. Its conversion into amidinium salts by nitrilium trillares and cycliza­
tion of these products to form 5-aminoimidazoles, and its reactions with 
formamidine, or as its imidate with ammonia, amines, or orthoformate esters, 
have bcen classified as 1,5 bond formations (see Section 2.2.1). Oxidative 
cyclization of Schiff bases formed when DAMN is treated with appropriate 
carbony1 reagents (see Section 2.1) also provides versatile entry to a variety 
of imidazoles. 

Under the current heading can be considered processes in which DAMN 
(ora DAMN derivative) is heated in alcoho1ic so1ution with an orthoester 
to give 4,5-dicyanoimidazole [19, 20]. Note that with excess orthoester 
the 1-alky1-4,5-dicyanoimidazo1e is formed (see Section 2.2.1). With forrnic 
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TABLE 3.1.1 
2-Substituted 4,5-dicyanoimidazoles prepared from DAMN 

Reagent Reaction conditions 2 substituent in Yield (%) Re f. 
product 

CizC=NSOzMe t., C6H6 NHSOzMe 90 27 
C12C=NSOzPh t., c6~ NHS02Ph" 79 27 
(Et0)3CH 135"C, PhOMe H 83 27 
HC02H t., diglyme H 76 22 
CJCN 0-50"C, THF NHz 75 25,26 
COClz 50"C, NaOH, dioxane "OH" 80 23 
DMF 160"C, POCh H 90 26 
ChC=N-tBu R. T. 16 h, THF NH-tBu 11 26 
MeC(==NH)OEt t., 9 h, PhOMe Me 51 28 

acid in refluxing xylenc, DAMN is converted into 4-cyanoimidazolc-5-
carboxamide [21, 22], with phosgcne in the prcsencc of base the product 
is 4,5-dicyanoimidazolin-2-one [23, 24], and with cyanogen chloride or 
other isocyanide dichlorides, 2-arnino-4,5-dicyanoimidazoles result [25, 26]. A 
furthcr example is the reaction of DAMN with dichloromcthylencsulfonamides 
[27]. With iminoether (imidic ester) hydrochlorides, DAMN is converted into 
2-alkylimidazolc-4,5-dinitriles [28]. Table 3.1.1 lists sorne examplcs. 

In thc reaction with formic acid, reaction conditions modify thc prod­
ucts isolated. Refluxing for 15 min in dry benzene merely formylatcs one of 
thc amino groups. Reftuxing for 6h in diglyme gives 4,5-dicyanoimidazolc, 
whereas in refiuxing xylene one of the nitrile groups is convcrted into an 
amido group. 

The synthetic utility of DAMN is summarizcd in Schcmc 3_1.7. 

2-t-Butylamino-4,5-dicyanoimidazole [26] 

Toa solution of t-butyl isocyanide dichloridc (8 g, 96 rnmol) in THF (lOO ml) 
is addcd DAMN (5.0 g, 46 mmol). The temperature rises to ~43•c, and a 
precipitatc forms. After stirring (18 h), the precipitate redissolvcs, and thc 
resulting dark solution is chromatographed on silica with chloroform to give 
thc product (0.94 g, 11 o/o ). White crystals scparate from cther-pctrolcum ether, 
m.p. l7l-172"C. 

4,5-Dicyano-2-sulfonylaminoimidazoles [27] 

To a suspension of DAMN (2.7 g, 25 rnmol) in dry benzene (100 ml) is 
addcd, dropwise with vigorous stirring at room temperaturc, a solution of 
an N-dichloromethylencsulfonamide (25rnmol) in benzcnc (100m!). After 
refiuxing (8-10 h), the reaction mixture is cooled, and thc prccipitate filtcrcd, 
dried and rccrystallized from acetonitrile (see also Table 3.1.1). 
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4-Cyanoimidazole-5-carboxamide [22] 

A mixture ofDAMN (4 g), fonnic acíd (4ml) and xylcne (150ml) is stirred at 
room tcmperature (30 min), and then refluxed (6 h). The resulting dark solids 
(which adhcre to the walls of thc flask) are collccted, washed with diethyl 
ether, and extractcd repeatedly with hot water. Concentration of the aqucous 
extracts givcs thc above product (3.9 g, 77%), m.p. 273"C. From the rcsidue 
sorne imidazolc-4,5-dicarboxamidc (0.12g, 2.2%) is obtained. 

Whercas diirninosuccinonitrile is convertcd by trifluoracetic anhydridc into 
2H -irnidazoles, these sometimes rearrange at fairly low tcmperatures ( <80°C) 
to 1 ,2-dialkyl-4,5-dicyanoimidazoles [ 17, 29, 30J. 

A synthetic strategy which lcads to 2,4(5)-disubstituted imidazolcs 
utilizes the reaction bctwccn 2-aminonitriles and aldchydes. The aldehyde 
providcs the 2-suhstituent [31, 32]. Thus, 2-mcthylaminophenylacetonitrile 
reacts with benzaldehyde to give 1-mcthyl-2,5-diphenylimidazolc (76%) 
[32]. With orthoformates the products are 2-irnidazolin-4(5)-ones. Thus, 
when aminoacetonitrile hydrochloride is refluxed for 30 min with trimethyl 
orthoformatc, sorne 2-irnidazolin-4(5)-one is formcd (although the rcaction is 
not very efficicnt - the majar product is N -formylacetonitrile) (Schemc 3.1.8) 
[33, 34]. A rapid mcthod for making N-substituted a-aminonitriles undcr mild 
conditions in a one-pot reaction uses an aldehyde, a primary or secondary 
arnine, and trimcthylsilyl cyanide in methanol [35]. 
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Scheme 3.1.8 

Condensation of aldehydes with 2-amino-2-phenylacetamidooxime (5) gives 
high yiclds (~80%) of 5-aminoimidazoles as their Schiff bases [36]. In a 
similar reaction, 4-amino-1-substituted imidazoles are formed in the reac­
tion between the hydrochlorides of benzyloxycarbonyl or tosyl derivatives 
of aminoacetamidine and orthoforrnic esters (Scheme 3.1.9) [37]. 

Ph, 
yH-NH2 

,.e, 
HO~ NH2 

(5) 

2PhCHO 

AcOH 

HC(OF.l), 

Ac20 

AcNH)--N 
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N 
R 

Scheme 3.1.9 

(75%) 

Irnidazole N-oxides and/or 1-hydroxyimidazoles are also accessible by 
ring-synthetic methods which fall into this general classification. Of most 
importance are the reactions of (E)-a-hydroxylamino oximes with aldehydes 
[38-41]. When the carbonyl compound is aryl or hetaryl, alternative pathways 
can result in the formation of imidazo1e N -oxides, pyrazine-1 ,4-dioxides or 
open-chain nitrones [42]. Methods of synthesis of a-hydroxylarnino oximes 
have been surveyed [41], and their applications to imidazole synthesis have 
been reviewed [41, 43). Suitable (E)-a-hydroxylamino oximes (6) react at 
room temperature with formaldehyde, or when warmed with acetaldehyde or 
chloroacetaldehyde, to give 1-hydroxy-3-irnidazoline 3-oxides (7) in 40-100% 
yields (Scheme 3.1.10). Provided that the 2 and 5 positions of (7) bear at Ieast 
one hydrogen atom, aromatization can take place. Treatment with ethanol 
saturated with hydrogen chloride gives 1-hydroxyimidazoles (8), which can 
be isolated either as hydrochloride salts or as the free bases [39]. Warming 
at 50-6o·c with dilute alkali also "dehydrates" compounds of type (7) [44]. 
The isomeric 1-hydroxides (9) are formed in high yield from the acy1oxy 
or aroyloxy derivatives of (7). Either heating in vacuo or saturation of an 
ethanolic solution with dry HCI is effective [39, 45, 46]. When oximes (6) 
are condensed with triethyl orthoformate by heating in ethanolic solution, 
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2-ethoxy-1-hydroxy-3-imidazoline 3-oxides (7) (R1 = OEt) are fonned in 
60-65% yields [47, 48]. Funher heatíng in ethanol or merely increasing 
the reaction time gives 2-ethoxy-1-hydroxyimidazoles (e.g. (8) (R 1 = OEt, 
R =Me, R2 = Ph, 80%)). The isomer (8) (R 1 = OEt, R = Ph, R2 =Me) can 
again be made by the acetylation -aromatization sequen ce abo ve [47]. 

(6) ~~y/ 

/ RZ ;. 

R/~)lRI 
1 

OH 

Scheme 3.1.10 

RZ 
I'JOH.,HO "")__-~ 
- ··- - R N' Rl 

vacu:Jm __ ,.. 
or 

BOH,HO 

1 

OH 
(8) 

(RZ:Ph; R. 
Rl=Me; 80%) 

:~~(R~ 
(9) 

(70-80%) 
(R2:Ph; R~\1e; 
Rl=M".Ph) 

Reaction of phosgene with the anti isomer of 1-amino-1-phenyl-2-
propanone oxime gives 1-hydroxy-5-methyl-4-phenyl-3-imidazolin-2-one in 
25% yicld [49]. A review of N-oxide fonnation has appeared recently [50], 
and discussions of other approaches to the compounds are found in Section 4.1 
and Chapter 5. 

The Pinner salt (10), which is obtained by reaction of methanol and gaseous 
HCl with a-azidoacetonitrile [51], reacts sequentially with triethylamine, tri­
phenylphosphine and either acid chlorides or isothiocyanates to give imida­
zoles in modemte yields (Scheme 3.1.11) [52]. 

General method [52] 

A mixture of a-azidoacetonitrile (2.32 g, 28 mmol), dry methanol (0. 90 g, 
28 mmol) and dry CH2Ciz (25 ml) cooled to o· e is prepared. Through this 
stirred solution a stream of dry HCl is passed (3 h). Addition of dry diethyl 
ether precipitares the Pinner salt (10), which is rapidly filtered off and dried in 
vacuo at room temperature. Toa suspension of (10) ( 1.50 g, 9.96 mmol) in dry 
CH2Cl2 (30 ml) triethylamine ( 1.00 g, 9.96 mmol) is added. After stirring at 
ambient temperature (1 h) the solution is cooled to O'C befare dropwise addi­
tion under nitro gen of a solution of triphenylphosphine (2.61 g, 9.96 mmol) 
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in dry CH2Cl2 (15 ml). Stirring is continued (2 h) befare addition of the 
appropriatc aroyl halide ( 1 eq.) or isothiocyanatc (2 eq.) in dry CH2Ch. The 
reaction mixture is allowed lo warrn up to arnbient temperaturc and stirred 
(15 h). The solvenl is removed under rcduced pressure, and the residue chro­
matographed on a sílica gel column (40 x 3.5 cm, 70-230 mesh), cluting with 
ethyl acetate-diethyl ethcr (1 :4 ). 

3.1.2 Benzimidazoles 

The most important synthetic methods for prcparation of a widc rangc of 
bcnzimidazolcs condense o-diarninobenzcnes with carboxylic acids or deriva­
tivcs. Benzimidazole itself can be made in greater than 80% yield mcrely by 
standing a mixture of a-phenylenediamine and formic acid at room tempera­
turc for 5 days. At around 1 OOoC the process takes only 2 h, and it is applicable 
to a wide range of 2-substituled benzimidazolcs. Careful choice of reaction 
conditions is, however, essential if good yie!ds are to be obtaincd in all 
mstances [53, 54). 

Thc most widely used condilions (Phillips mcthod l55)) involve hcaling 
:he reagenls together in thc prescnce of hydrochloric acid, usually around 
4 ~~ concentration. As detailed bclow, it is more difficult lo make 2-
arylbcnzimidazoles in this way, but application of more vigorous conditions 
is frequcntly successful, e.g. heating in a sealed tube at 180'C in the presence 
of hydrochloric acid or, better still, substitution of polyphosphoric acid for 
the hydrochloric acid. Other acidic ca1alysts have also been found lo be 
effective [56]. 

Thc rangc of reaction conditions which has been uscd is quite wide, from 
mere! y heating the diamincs with a carboxylic acid, lo heating in the prescnce 
of acids such as hydrochloric acid [57- 59], PPA [60-64] and boric acid [65]. 
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hcxamethyldisilazanc in the presencc of a catalytic amount of triflic acíd [66], 
hcating with a titanium catalyst [67], heating at elevated pressure [68], or use 
of photolytic conditions [691. Tablcs 3.1.2-3.1.4 list sorne typical examples. 

2-Trifluoromethylbenzimidazole [7 4] 

A mixture of o-phenylenediamine (5.0 g. 46 mmol), trifluoracetic acid (5. 7 g, 
50 mmol) and 4 M HCI is heated undcr reftux (3 h). The cooled solution 

TABLE 3.1.2 
Benzimidazoles made from reaction of aliphatic carboxylic acids and 

o-phenylenediamines 

CXNH2 RCO,H (IN P-R 
NHz ~ 

H 

R Reaction Other suhstituents on Yield (%) 
conditionsa benzimidazole 

H A ·s,6-Me2 85 
H E 4,7-(0Me)z 8R 
H A 4-CF3 44 
H A S-CF3 35 
H E 4-F 80 
H A 5,6-(0Me)z 93 
H E 4,7-(N02h 88 
H A 5-COzEt 58 
Me H 73 
Me e 4,7-(NOz)z 85 
Me A 4,7-(0Me)z 90 
Mt: A 5,6-(0Me)z 65 
Et H 62 
CF3 A 64 
CF3 A 4-Cf'3 29 
CF3 A 5-CF3 4R 
CF3 E 4-f 83 
Et A 4,7-(0Me)z 57 
Pr A 4,7-(0Me)7 50 
CHzOII A 4,7-(0Me)z 72 
CH2Cl A 1 (CIIzhOEt 47 
tBu F 60 
CH2SBu A 49 
COzH J 62 
Cl J 30 
CH~CH-COzH J 96 

aA-t., HCI (Phillips); B- HB03, !90-200•c; C- AczO, ó; D- PPA, .ó.; 
E- 180-2IO•c; F- .ó., high pressure; G- Ph3P(OTI)2, R.T.; H- Photolysis; 
1- ó, Ti(0Bu)4 ; J - IICI, acid resin. 

Ref. 

70 
SR 
57 
57 
71 
58 
72 
73 
69 
72 
58 
58 
69 
74 
74 
74 
71 
58 
SR 
58 
75 
76 
73 
77 
77 
77 

is 
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TABLE 3.1.3 
Benzimidawles made from reaction of aromatic carboxylic acids 

and o-phenylenediamines 

o=NH2 AICO,H o= N '-Ar :-.11!2 r-; 
H 

Ar Reaction conditions" Yield (o/é) Re f. 

C6Hs I 54 67 
Ct,Hs G 85 78 
C¡;Hs D 8! 60 
o-C!C6H¡ 1 65 67 
m-CIC6lL. E 44 68 
p-CIC6fit J 69 67 
o-BrC6fit E 22 68 
m-BrC6Ht E 35 68 
p-BrC6l{.¡ B 80 65 
o-JC61 {.¡ E 26 68 
m-IC,;f{¡ E 23 68 
p-IC6fit E 22 68 
o-FCnH.t E 26 79 
m-FC6H~ E 46 79 
p-FC6H4 E 39 79 
o-MeC6 f{¡ G 95 78 
m-MeC6t4 D 85 60 
p-Mt:C6fit B 58 65 
o-NH2C6f{¡ D 60 60 
o-HOC6fit D 29 60 
o-HSC6fit A 12 59 
o-H02CC6fit D 58 60 
o-NOzC6fit 1 95 67 
p-NOzCnH4 J 48 67 
3,4-CI2C6H3 D 62 60 

"S ce Table 3. L2 

neutralized with aqueous ammonia, and the precipitatcd product is filtercd 
and rccrystallized from ethanol (5.5 g, 64%), m. p. 209-210UC. 

Most aliphatic acids enter the process easily, but more vigorous rcaction 
conditions are necessary for aryl carboxylic acids or for stcrically hindered 
alkanoic acids. Increascd pressure can help countcract such problcms, 
e.g. 2,2-dimethylpropanoic acid heated at 112"C in ethanol with o­
phenylenediamine dihydrochloride for 24 h at 8 kbar pressure gives a 48% 
yield uf 2-t-butylbenzimidazole !761. Carc has to be taken, though. that the 
ethanol concentration is not too high, as esterification of the carboxylic acid 
becomes a competing rcaction; DMSO appears to be a suitablc altemativc 
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TABLE 3.1.4 
Benzimidazoles made from reaction of other aromatic and heteroaromatic carboxylic 

acids and o-phenylenediamines 

Carboxylic acid Reaction Other substituents on Yield (%) Re f. 
conditionsa benzimidazole 

1-naphthyl 8 77 65 
2-pyridyl D 5-0Me 33 61 
3-pyridyl D 11 60 
3-pyridyl D 5-0Me 9 61 
3-pyridyl D 5-C\ 45 61 
3-pyridyl D 7-CI 45 61 
4-pyridyl D 5-0 Me 61 61 
4-pyridyl D 5-Cl 40 61 
4-pyridyl D 5,6-Me: SI 64 
2-HS-3-pyridyl A 14 59 

"See Table 3.1.2. 

solvent. This mcthod is probably only of synthetic utility when the acids 
are sterically hindered. There has bcen a review of the applications of high 
pressure to such rcactions (80]. Phillips-type reactions can also be carried 
out in the presence of a mixture of hydrochloric acid and an acid resin 
such as Dowex-50W-X8. Such reactions go at room tempcrature, much 
mildcr conditions than thc usual refluxing in 4 M HCl [77]. If the o­
diaminoarene has onc of thc amíno groups substituted by an alkyl or aryl 
group, 1-substituted bcnzimidazolcs are formed [72]. Under prolongcd heating, 
a-amino acids react with a-phcnylenediamine to givc satisfactory yields of 2-
aminoalkylbenzimidazoles. When the a-carbon is highly substituted, reactivity 
is reduced, and compounds such as glutamic acid naturally react at the y­
carboxyl group 181]. 

Yields of 2-arylbenzimidazolcs havc been shown to decrease in the arder 
2-NOz >2-Me>4-Cl>H>4-N02 >2-NH2 for a range of phcnylcarboxylic 
acids reacting at 185-250oC in the presence of stoichiometric amounts of 
hydrochloric, polyphosphoric or boric acid. In the HCI-catalysed reactions the 
yields increase in Jine with thc pK. valucs, i.e. associated with incrcasing 
polarization of the carbonyl bond [67]. 

5-."-fethoxy-1-methylben;:,imida::.ole 1 lí2] 

A solution of 3-amino-4-(methylamino)anisole (46.6 g, 0.27 mol) in 96% 
formic acid (50 ml, 1.27 mol) is refluxed (2 b). After addition of toluene 
(200m!) and water (50ml) thc volatile liquids are removed under reduced 
pressure, the rcsidue poured into water (300 mi), and extracted with ethyl 
acetate (2 x 200 mi). The combined extracts are washed with water (200 ml) 
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befare drying (MgS01). filtering and evaporating to give 5-methoxy-1-
methylbenzimidazole (35.6g, 81 %). The brownish product of approximately 
95% purity can be puritied by filtration in dichloromethane solution through 
silica gel. Recrystallization from dichloromethane -hexane gives plates, 
m.p. 112°C. 

2-t-Butylben::.imidazo/P [76] 

A solution of o-phenylenediamine ( 1.0 g, 9 mmol) and 2,2-dimethylpropanoic 
acid (l.Og, 10mmol) in 75% (v/v) ethanol-water (6ml) is heated at 107°C 
for 66 h under 8 kbar pressure (reactions are carried out in glass or Teflon 
precision-bore tu bes of 5-30 mi capacity pressurized with a hydraulic press 
and electrically heated). Dilution with water and ncutralization with ammonia 
(d. 0.88) gives the henzimidazole (0.73 g, 42% ), which is recrystallized from 
aqueous methanol. m.p. 334°C. 

2-(2' -Pyridyl)ben::.imida::.ole [61] 

A mixture of o-phenylenediamine (3.24 g, 30 rnrnol), 2-picolinic acid (4.31 g, 
35 mmol) and PPA (7 g) is heated at 170-180°C (3 h). The reaction mixture 
is poured into ice-water, neutralized with sodium bicarbonate and filtered. 
Further treatment of the filtrate with 5% sodium hydroxide solution produces 
additional crystals which are filtered, combined with the earlier crop, washed 
with water, dried, and recrystallized from benzene to give the product 
(4.7 g. 80%). 

2-Methyl-5, 7-dinitro-1 phenylben::.imidazole [72] 

A solution of 4,6-dinitro-2-phenylaminoaniline ( 1.00 g, 3.65 mmol) in glacial 
acetic acid (7 mi) and acetic anhydride (S mi) is refluxeu ( 12-15 h). The 
cooled mixture is quenched with iced water to give a grey solid (1.08g, 99%) 
which, on recrystallization from ethanol, gives off-white needles (0.80 g, 74%), 
m.p. 189°C. 

The last synthesis can be adapteu to prepare 2,2' -bi-benzimidazolcs from 
éibasic acids 183]. 

Cenera[ procedure 183] 

A 1:2 mixture of the dibasic acid and o-phenylcnediamine is placed in a two­
necked flask equipped with a reflux condenser, a calcium chloride drying tube 
:lnd a mechanical stirrer. PPA is added to make a thick paste, then sufficient 
extra PPA to make a smooth slurry. The temperature is raised slowly until the 
desired temperature is reached, maintained for 3-4 h, then thc slurry is cooled 
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to about 80oC and added slowly in a fine stream with rapid stirring to cold 
water. Stirring is continued (1 h) befare filtering the solution and neutralízing 
with dilute aqueous ammonia to precipitate the product, which is filtered, dried 
and recrystallized (e.g. 2,2'-bi-benzimidazole is isolated in 85% yield using 
oxalic acid heated for 4 h at 240aC; analogous products ha ve been made using 
malonic acid (85% yield, 250aC, 3.5 h), succinic acid (80% yield, 230°C, 3.5 h) 
and glutaric acid (90% yield, 200°C, 3 h)). 

Recently, sorne modified reaction conditions have been proposed to 
improve yields, particularly for aromatic carboxylic acids. A "phosphonium 
anhydride" reagent (11) made from triphenylphosphine oxide and trifiic 
anhydride appears to induce reaction at low tcmperatures in common solvents 
giving high yields of 2-arylbenzimidazoles in 30-60min at room temperature 
(Scheme 3.1.12) [78]. 

Scheme 3.1.12 

2 -Phenylbenzimidazole 178] 

rYN 
'~~)-Ar 

H 

(71-95%) 

A solution of triftic anhydride (1.57 mi, 10 mmol) [84] in dichloroethane 
(30 rnl) at onc is added to a solutíon of triphenylphosphine oxide (5.56 g, 
20m mol) or equivalent phosphinamide in dichloroethane. After appearance 
of a precipitate (usually in less than 15 min), a solution containing o­
phenylenediamine (0.44 g, 4 mmol) and henzoic acid (0.61 g, 5 mm o!) in 
dichloroethane (1 O ml) is added dropwise. After stirring (0.5 h), the solution is 
washcd with 5% sodium bicarbonate solution, dried (MgS04 ) and evaporated. 
The residue is passed through a short column packed with silica and eluted with 
hexane-ethyl acetate (3:1) to remove excess phosphine oxide. Evaporation 
gives 2-phenylbenzimidazole (0.66 g, 85%), m.p. 287,C. 

An alternative procedure utilizes photo-oxidation of o-phenylenediamine in 
the presence of a carhoxylic acid [691. It is unlikely that this approach will 
supersede the more usual methods. 

2-Ethylbenzimidazole [69] 

A solution of o-phenylenediamine ( 1.08 g, 10 mmol) in glacial acetic acid 
(lOO m!) is irradiated in a quartz flask at 253.7 nm (3 days) while air is slowly 



3.1. FORMATIO~ OF 1,2 AND 2.3 BONDS 77 

bubbled through the solution. Evaporation of the solution gives a brown salid 
which is redissolved in hot water (200 ml), treatcd with charcoal, filtered and 
concentrated. The crystalline product (0.90 g, 62%) separates on standing. 
Similarly prepared is 2-methylbenzimidazole (73% ). 

A novel palladium-catalysed carbonylation of iodobenzene has recently been 
Jinked to base-induced coupling and cyclization with o-phenylenediarnine, 
to give 2-arylbenzirnidazoles without having to use an aryl carboxylic acid 
(Scheme 3.1.13). Provided that bases with pKa values around 6.6 are used, the 
yiclds of 2-arylbenzirnidazoles lie in the range 70-98%. This route is tolerant 
of a variety of functional groups and complements the classical approaches 
where the required benzoic acids are not readily available [85]. 

Arl. Pdl12L;, 

Mc2NCOMe, CO (95 psi), 
140-J.\5°C 

Scheme 3.1.13 

("'Y~>-Ar 
vl,N 

H 

A wide range of acid derivatives can be substituted for carboxylic acids: 
esters [86-90], orthoesters [91, 92], nitriles [53, 60, 93], amides [60, 94, 95], 
imidates [96-100], acid chlorides (inclucUng phosgene) [101] and anhydrides 
(Scheme 3.1.14) [102, 103]. 

4-Hydroxybenzimidazole [91] 

A rnix tu re of 2,3-diarninophenol ( 1.24 g, lO mmol), triethyl orthoformate 
(1.48 g, 10mmol) anda catalytic arnount of p-toluenesulfonic acid is heated at 
120'C in a distillation flask. Ethanol is removed by distillation as it is formed, 
and final traces are removed by azeotroping with added toluenc. The salid 
rcsidue is recrystallized from ethanol to gi ve 4-hydroxybenzimidazole ( 1.20 g, 
90%), m.p. 182-183°C. 

Orthoesters such as ethyl triethoxyacetate react easily when heated with 
o-phenylenediarnines, to give 2-carbalkoxybenzimidazoles in good yields, 
e.g. 2-carbomethoxybenzimidazole (55%) and 1-phenyl-2-carbethoxybenz­
imidazole (71%) [92]. This pro vides an alternative to the usual approaches 
involving oxidation of the 2-hydroxyalkyl group [104], alcoholysis of 
2-trichloromethyl group [98], or cleavage ofthe aryl-silicon bond of 1-methyl-
2-trimethylsilylbenzimidazole with ethyl chloroformate [105], all of which 
give low yields and are multistep reactions. 
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When polyphosphoric or hydrochloríc acids are used as the condensing 
media with o-diaminoarenes, the diamine often competes successfully with 
the carbonyl oxygen atom for the proton provided by the acid catalyst. For 
this reason there are advantages to replacing the carbonyl oxygen by the more 
basic irnino group. In consequence, irnino ethers (irnidates) are used, often 
very successfully, in the reactions [54, 97, 106]. These irnidates can be made 
quite readily from the corresponding nitriles [96], or they can be made in situ 
[93]. Whereas nitriles are converted into basic irnidates in the presence of 
a catalytic ammmt of base, benzimidazoles form better when the irnidinium 
ion is used [100]. The reactions will not work satisfactoríly when there are 
strongly electron-withdrawing groups in the o-phenylenediarnine ring. 

Ethyl 2,4-dinitrophenylacetimidate [96] 

To 2,4-dinitrophenylacetonitrile (20.7 g, 0.10 mol) in dry chloroform (200 ml) 
is added ethanol (6 ml). The solution is cooled to OoC and then saturated with 
dry HCJ during 30rnin. After standing at OoC (12h) the colourless crystalline 
product is filtered and washed with dry chloroform giving the above imidate 
(as its hydrochloríde) (25g, 90%), m.p. 18l"C. 
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2-(2',4' -Dinitrobenzyl)benzimidazole [96] 

To a suspension of the above hydrochloride salt (6.94 g, 24 rnmol) in 
methanol (15 ml) is added, with stirring, a solution of o-phenylenediamine 
(2.7 g, 25 rnmol) in methanol (15 mi). After stirring for 30 min at 20-25oC 
a thick mass of crystals separates. The mixture is then boiled (1 h) 
and cooled, ~d the precipitate filtered and washed with water, to give 
the benzimidazo1e (6.31 g, 84%). Recrystallization from 50% aqueous 
ethanol gives colourless crystals, m.p. 202-203°C. Similar1y prepared are 
2-benzylbenzimidazole (73%) [93], 2-benzyl-5(6)-nitrobenzimidazole (65%) 
[107] and 2-p-chlorobenzylbenzirnidazole (53%) [107]. It should be noted that 
such reactions of iminoesters with o-diarnines are rapid only when carried out 
in an acidic medium. 

2-/ (2' -Carbomethoxyphenoxy )methyl]benzimidazole [1 00] 

Under nitrogen, sodium metal (0.35 g, 15.0 mmol) is added to a stirred solu­
tion of (2-carbomethoxyphenoxy)acetonitrile (made from methyl salicylate) 
(3.0 g. 15.7 mmol) in dry methanol (50 mi) at room temperature. Stirring is 
continued ( 40 min) befare addition of o-phenylenediamine dihydrochloride 
(2.72 g, 15.0 mmol) when the colourless solution turns yellow and a sol id 
separates. After further stirring (2 h) the salts are filtered and the ti! trate is 
treated with decolorizing charcoal. Water (about 70-75 ml) is added until the 
methanolic solution becomes cloudy. After standing at room temperature for 
severa! hours, the precipitate which separates is filtered, washed with water 
and air dried, to give the benzimidazole (3.66 g, 88%) as colourless plates, 
m.p. 159°C. 

2-Trichloromethylbenzimidazoles [99] 

To a cooled solution or suspension of the appropriate o-arylenediamine 
monohydrochloride (0.1 mol) in methanol, ethanol or 1.2-dimethoxyethane 
(200-300ml), methyl trichloroacetimidate [108] (0.1 mol) is added slowly. 
When the resultant exotherrnic reaction has subsided, the mixture is maintained 
at room temperature for severa! hours. Aqueous quenching, or evaporation 
of the solvent, yields the products (substituent, solvent, yield, recrystalli?ing 
solvent listed): H, EtOH, 95%, HOAc; 5(6)-Cl, MeOH, 55%, xylene; 5,6-
Ciz, MeOH, 67%, MeOH; 5(6)-Me, (MeOCHzh. 60%, benzene; 5,6-Mez, 
(Me0CH2h, 35%, benzene; 1-Me, MeOH, 90%, MeOH. 

Under oxidative conditions, aldehydes will react with 1,2-arylenediamines. 
With an equimolar amount of any aromatic or (especially) heterocyclic 
aldehyde the initial product is a monoanil. In the presence of suitable 
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oxidizi ng agents (e.g. heating in nitrobenzene) these anils cyclize to 
benzimidazo!es (see also Section 2.1.2). In a number of instances, atmospheric 
oxygen is sufficient to achieve the desired oxidation, but copper acetate, 
mercuric oxide or chloroanil have also heen used [65. 106, 109-111]. 
Sometimes it may only be necessary to heat thc a1dehyde with the 
diamine for a few minutes in nitrobcnzene or o-dinitrobenzenc to achievc 
cyclization (e.g. 2-(2'-furyl)benzimidazole (73% ), 2-(2'-pyridyl)benzimidazolc 
(85%), 2-benzylbenúrnidazo1e (68%) and 2-isopropylbcnzimidazole (61%)) 
[1 !0]. When 2mol or more of aldehyde is used, mixtures of 1,2-di­
and 2-mono-substituted benzirnidazoles can result, oftcn along with a 
small amount of 2,3,4-triaryldiazepine [65, 81, 112, 113]. Thus, moderare 
yields of 1-substituted benzirnidazo1es have· bcen isolatcd whcn 2 mol of 
formaldchyde in boiling hydrochloric acid reacts with an N -substituted o­

pheny1enediaminc [114]. 

5( 6 )-Carhethoxy-2 -( 4' -h ydmxyphenyl)henzimidazole [ 115] 

A mixture of 4-carbethoxy-1,2-diaminobenzene (0.18 g, 1 mmol) and p­
hydroxybcnzaldehyde (0.12g, 1 mmo1) is hcatcd at 140 150,C (24-36h) 
in nitrobenzene (lO rnl). Remo val of the solvcnt under reduced pressure, 
followed by chromatography of the residuc on silica gel or tlorisil, gives the 
benzirnidazole (0.24 g, 85% ). Reaction progrcss can be monitored by TLC with 
visualization under UV or by spraying with 2.5% methanolic phosphomolybdic 
acid and heating. 

1-Methyl-4-nitroben;:.imidazo/e [ 116] 

3-Nitro-1 ,2-diaminobenzene (153 g, 1 mol) is dissolved in a mixture of cthanol 
(31) and concentrated hydrochloric acid ( 1 1). After addition of 40% aqueous 
formaldehyde (140 ml, 2 mol), the mixture is refluxed (2 h), allowed to cool to 
room temperaturc, and then neutralízcd wítb 20% aqueous sodium hydroxide. 
The precipitated product is collected, washed with water and dried befare 
recrystallizing from to1uene-heptane (2: 1) to give thc product (138 g, 77%) 
as a yellow crystalline solid, m.p. 168oC. 

Reaction of 1 ,2-diaminoarenes with phosgcne or urea gives 2-benz­
imidazolones (Scherne 3.1.14). The latter reagent has been prefcrred as it 
is less toxic. Therc are, however, a variety of other reagents which lead to 
the same products: carbonate esters [117], diethy1 pyrocarbonatc [ 118], N ,N­
diethylcarbarnyl chloride [ 119], 1, 1'-carbonyldiimidazole r 120], cyanic acid 
[ 121] and carbon diuxide [ 122]. (See a1so reactions with ketones below.) 
Preston has reviewed these processes [54]. The reactions with urea (or 
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substituted ureas) are usually carried out at around 130"C, but a microwave 
oven can also he used [123]. High-temperature (~400'C) reactions with aryl 
isocyanates have been used recently, but do not appcar to offer advantages 
over the earlier approaches [124]. A one-pot process utilit.es the reductive 
carbonylation of an o-nitroaniline using thermal decomposition of ammonium 
formate as the carbonyl source. This is much less troublesome than using 
carbon monoxide, sulfur and water, but the process requires the use of an 
autoclave [ 125}. 

Benzimidazolone - method A [ 1 23] 

1\ mixture of o-phenylenediamine (2.16 g, 20 mmol) and urea (1.32 g, 22 mmol) 
in N,N-dimethylacetamide (0.5 mi) ami diethylcne glycol (5 mi) contained 
in a 100 mi Erlenmeyer ftask covered with a watch glass is irradiated in a 
microwave oven at 385 W (2 min) in an efficient fume hood. The mixture is 
allowed to cool to room temperature, and the precipitare is collected, washed 
with water (3 ml), acetone (S rnl) and ethanol (5 ml) befare recrystallization 
from ethyl acetate. The yield is 91%, m. p. 308-309"C. 

Ben-:.imidazolone- method B [125] 

In a 100 ml stainless steel autoclave, o-nitroaniline (2.76 g, 20 mmol), sulfur 
(2.57 g, 80 mmol), water (2.0 ml, 110 mmol), ammonium formate (6.30 g. 
lOO mmol), potassium carbonate (4.14 g, 30 mmol) and dimethylacetamide 
(40ml) are placed along with a magnetic stirring bar. The reaction is carried 
out at 180oC for 3h (maximum pressure 10kgcm-2). Mter extraction with 
1-butanol, the product (2.52 g, 94%) is recrystallized from 1: 1 aqueous 
methanol. Similarly prepared are 5-methyl- (27clo), 5-methoxy- (36%) and 
5-chlorobenúmidazolones (76%). 

Analogous methods Jead to benzimidazolcthiones when o-phenylene­
diamines are treated with carbon disulfidc, thiophosgene, 1.1'-thiocarbonyldi­
imidazolc, thioureas, thiocyanates or potassium ethyl xanthate [123, 126-129]. 
Thc reactions with carbon disulfide take place in basic media, e.g. with KOH 
or pyridine. Again, microwave irradiation offers advantages \123]. 

1-Trifiuoroaceryl-5-fiuomhenzimidazolin-2-thione [ 130] 

A mixture of 2-amino-4-fluorotritluoroacetanilide (6.7 g, 0.03 mol), KOH 
( 1.9 g) and carbon disulfide (2.3 g, 0.03 mol) in 95% aqueous ethanol (30 ml) 
and water (5 ml) are heated unJer reftux (5 h). Activated charcoal is cautiously 
added, the mixture is relluxed again (IOmin) and filtered while hot. The 
filtra te, diluted with warm water (30 ml), is treated with stirring with a 
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solution of acetic acid (2.4 mi) in water (5 ml). The product separates as 
white crystals, which are recrystallized from aqueous methanol ( 4.6 g, 66% ). 
Similarly prepared are the 5-chloro (65% ), 5-methyl (65%) and 5-methoxy 
derivatives (63%). 

When o-phenylenediamine reacts with aliphatic or aliphatic-aromatic 
ketones the initially formed benzimidazolines can be thermally decomposed, 
losing a hydrocarbon fragment to yield 2-substituted benzimidazoles [81, 131]. 
While this method does not appear to have majar synthetíc ímportance, the 
analogous reaction with a ,8-diketone has sorne application [132]. Presumably 
it involves an acid-catalysed retro-Claisen condensation of the ,8-dicarbonyl 
compound. When acetylacetone is used, acetone ís formed. The process, 
then, offers an unambiguous approach to compounds such as 2-methyl-4-
nitrobenzimídazo1es (not avaílable by dircct nitration). Neither the numbers of 
substituents on the arylenediamine nor their natures appear to affect yields or 
reaction times significantly. 

2-Methyl-4-nitrobenzimidazole [132] 

To a solution of 3-nitro-1,2-diam.inobenzene (0.15 g, 1 mrnol) in hot ethanol 
(15 mi) and 5 M HCI (4 mi) is added acetylacetone (0.2 g, 2 mrnol). The mixture 
is heated under retlux (~ 10 rnin) (the reaction is monitored hy TLC using 
dichloromethane-ethyl acetate (1:1)), cooled to room temperature and filtered. 
Further product is obtained by extraction of the filtrdte with chloroform 
(3 x 15 ml). Recrystallization from 75% aqueous ethanol gíves the product 
(0.13 g, 75%). Sirnilarly prepared are a wide range of 2-methylbenzimidazoles 
in yie1ds of 74-89%. 

When the required 1 ,2-díarninoarenes are not readily available it is often 
possible to utilize a-nitroanilines as substítutes. They can be successivcly 
reduced or hydrogenated and then cyclized [82, 91, 133], or the cyclízation 
and reduction processes can be combined. Suitable reducing agents are triethy1 
phosphite, iron pentacarbonyl, titanium(IIJ) chloride, Raney nickel-hydrazine, 
palladium-carbon, bisulfite or dithionite, and metal-acid [54, 134, 135]. Thus, 
4,5-dimethyl-2-nitroaníline heated at 90,C (1 h) with forrnic acid and sodium 
dithionite gives 5,6-dimethylbenzimidazole in 92% yield [136]. 

A recent, effi.cient, one-pot benzimídazole synthesis treats an a-nítroaniline 
with an allyl, benzyl or alkyl halide in the presence of sodium hydride 
as a base. The products are 1-alkyloxy-2-alkyl-, 1-benzyloxy-2-aryl- and 
I-allyloxy-2-vinylbenzimidazoles in 75-98% yields. This novel sequence 
combines N -alkylation, heterocyclization and 0-alky Jations in the reaction 
vessel [137, 138]. 
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General procedure 

o-Nitroaniline (0.20 g, 1.45 mmol) is dissolved in THF (lO mi) and N aH 
(80% in oil, 1.45 mmol) is added at room temperature. The reaction mixture 
is warmed to gentle refiux with efficient magnetic stirring, alkyl halide 
(1.45 mmol) is added, and refluxing is continued (4 h). After coolíng to room 
temperature, further N aH (1.45 mmol) is added, and heatíng is resumed (4 h), 
befare addítíon of further alkyl halide (1.45 mmol) and heatíng agaín (4 h). 
The reaction is again cooled to ambient temperature, a third portian of N aH 
is addcd, heated (4h), then cooled and quenched by the addítion of brine 
(5 ml), and extracted with CH2Cb (3 x 40 ml). The combined organic extracts 
are washed with brine (25 ml), dried (MgS04), and the solvent removed in 
vacuo. The eructe product is flash chromatographed on silica gel, eluting with 
hexane-ethyl acetate to give the purc benzimidazole N-alkoxide as a thick oil 
or coloured salid. In most cases the benzimidazole is the last to elute. 

When arylenediamines are treated with ,8-ketoesters by heating in neutral 
solvents the products are benzimidazolones. In acidic media, 2-substituted 
benzimidazoles are formed prcdominantly [ 1 39-142]. Genera JI y, in view of 
the yields reponed and the mixtures which may result in these reactions, they 
do not offer much potential as altematives to the more standard procedures. 
A recent modification appears more promising. Here, 2-substituted benz­
imidazoles can be made in 75-92% yields by reaction with a ,8-ketoester 
using solid mineral supports under microwave irradiation. The salid supports 
are "argiles" with surface acidíties equivalent to those of concentrated nitric 
or sulfuric acid [140]. 

General method [140] 

Thc díamine (3 mmol) in acetonitrile or THF (15 mi) is added with shaking to 

the "argile" (e.g. montmorillonite KSF or bentonite KIO) at room temperature 
(~5 min). The solvent is then removed bclow 50oC. The salid impregnated 
with the diamine is then placed in a Pyrex tube (2 x 15 cm), and whi1e stirring 
with a glass rod, ethyl acetoacetate or ethyl benzoylacetate (4 rnmo1) is added 
and the mixture is microwaved at 490 W ( 4 min). The benzimidazole products 
are extracted from the support with acetone, and ultimately recrystallized from 
xylene. 

A number of unsaturated compounds of the type X2C=CHY where 
X = Cl, F, CN, SMe and Y= OR, Ar, N02. CF3, S02Ph have been 
con verted into benzimídazoles by reaction with o-phcnylenediamines. An 80% 
yíeld of 2-nitromethylbenzimidazole is obtained when o-phenylenediamine 
reacts at IO"C in methanol with 1,1-dichloro-2-nitroethene [143]. With 
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1-nitro-2,2-bis-methylmercaptoethene in refluxing ethanol the yield rises 
to 89% [144]. Similarly prepared are 2-phenylsulfonylmethyl- (31 %) 
[ 145], 2-chloronitromethy1- (76%) [ 146], 2-fluoro(trifluoromethyl)methy1-
[147] and a variety of 2-arylbenzimidazoles [148]. Similarly, dimethyl 
N-aryldithiocarbonirnidates (MeS)2C=NAr (or the corresponding dichloro 
derivatives [149]) give good yields of 2-ary1arninobenzirnidazoles. A 
basic medium is required to promote nucleophilic disp1acement of the 
methanethiolate groups. In contrast to other methods, no desulfurizing 
agent is needed [150], but the reaction is not always successful [151]. 
The dimethyl N-ary1dithiocarbonirnidates can be made by a variety of 
methods [152]. 2-Sulfonylarninobenzirnidazo1es have previously been made 
by reaction of 2-arninobenzimidazoles with an appropriate sulfonyl chloride 
[153], from the reaction between -phenylenediarnines and sulfonylguanidines 
[154], and from methy1 N-sulfonyldithiocarbonates [155]. The second 
method needs high temperatures and gives only moderate yields, while 
the last mentioned is unsuitable for phenylenediarnines with two or 
more substituents. Now one can use N-dichloromethy1enesulfonarnides 
(ChC=NS02R) that are easily prepared by chlorination of the corresponding 
N-sulfonyldithiocarbonates [156], which react readily when heated with 
phenylenediarnines [ 157]. 

Dimethyl N -aryldithiocarbonimidates [ 150] 

To a stirred solution of methyl N-aryldithiocarbarnate (50mmol) in DMF 
(50 ml) is added at room temperature 20M NaOH (3 ml, 60 mmol. After 1 h, 
iodomethane (8 g, 50 mmol) is added dropwise, stirring is continued ( 4 h), and 
the mixture is then poured into water (400 ml) to give a suspension. Extraction 
with hexane (3 x 50 ml), followed by drying of the hexane !ayer (MgS04), 

filtration, and removal of the solvent gives the products, usual! y as yellow oils 
(yields 78-82%). 

2-Phenylaminobenzimidazole [150] 

To a vigorously stirrcd solution of -phenylenediarnine (0.27 g, 2.5 mmol) in 
DMSO (3 ml) is added at room temperature 20M aqueous Na OH solution 
(0.25 mi, 5 mmol). After 30 rnin a solution of N -phenyldithiocarbonimidate 
(0.49 g, 2.5 mmol) in DMSO (3 mi) is added dropwise, and the mixture is 
refluxed (7 h), cooled in an ice bath, and poured into water (300 ml). The 
precipitate is filtered, dried, and recrystallized from acetonitrile (0.26 g, 50%) 
m. p. 191- 192°C. Similarly prepared are other 2-ary larninobenzirnidazoles, 
including examples with substituents at C-5 and/or C-6 in yields which range 
between 55 and 80%. 
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2 -Methylsulfonylaminobenzimidazole [157] 

To a suspension of -phenylenediamine (2.70 g, 25 mmol) in benzene 
(lOOml) is added dropwise with stirring a solution of N-dichloromethylene­
methylsulfonamide (4.10g, 25mmol). The mixture is reftuxed (8-lOh) and 
cooled, and the precipitated product is isolated, dried, and recrystallized from 
DMF (3.60 g, 68% ). Similarly prepared are a wide range of analogues in yields 
of 64-94%. 

There are now a number of ways in which one can prepare 2-arnino­
benzirnidazoles, and sorne of the most useful can be classified under this 
general heading. Both cyanogen chloride and cyanogen brornide react with 

-phenylenediamines, as does cyanamide. Cyanogen brornide ís available 
commercially, or it can be generated in situ. Yields are usually high and the 
processes are quite versa ti! e in terms of the -arylenediarnines which will react 
(Table 3.1.5) [158-161]. 

2 -A mino-1 -benzylbenzimidazole [1 62] 

A warm solution of sodium cyanide ( 17 g, 0.35 mol) in water (SO mi) is added 
to a stirred solution of brornine (16 mi, 0.30 mol) in water (S ml) at 3o·c. 
The mixture is stirred (2 h) before adding N-benzyl- -phenylenediamine (44 g, 
0.41 mol) in methanol (lOOml) dropwise at ambient temperature. After the 
addition is complete the mixture is refluxed (2 h), cooled, and made basic with 
aqucous NaOH solution. The precipitated product (24.5 g, 50%) is recrystal­
lized from diethyl ether, m.p. I5o·c. 

The cyanogen halide can be fruitfully replaced by cyanamide [ 163], 
especially if the -phenylenediamine is heated with cyanamíde and 

TABLE 3.1.5 
2-Aminobcnzimidazo1es made from o-phenylenediamines 

Reagent Substituents Yield (%) Re f. 

CNBr 5-Me 65 160 
CNBr 5,6-Me2 60 160 
CNBr 4,6-Me2 55 160 
CNBr 5-C1 60 160 
CNBr 1-Ph 60 160 
CNBr 1-Me 75 160 
CNBr 1,5-Mez 57 160 
CNBr 1,5,6-Me3 83 160 
c~z H 92 164 
CNNHz 1-CI{zPh 50 162 



86 3. RING SYNTHESES INVOLVING FORMATION OF TWO BONOS 

hydrochloric acid [164]. In a variation of the cyanamide method, cyanamide 
is reacted with chloroformate esters in situ to forro cyanocarbamatcs, 
which combine with -phenylencdiamines in the presence of bases (e.g. 
triethylamine, NaOH) or at elevated temperatures, to form henzimidazole-
2-carbamates [165-166]. Cyanoguanidines (dicyandiamides) can similarly be 
converted into 2-guanidinobenzimidazoles [167]. 

2-Aminobenzimidazole [163] 

A mixture of -phenylenediamine mono- -toluenesulfonate (9.2 g, 33 mmol) 
is heated (8 h) at 180'C with cyanamide (1.4 g, 33 mmol) until cvolu­
tion of ammonia has ceased. The crystalline residue separates from 
ethanol to give 2-aminobenzirnidazole -toluenesulfonate (4.6 g, 46%), 
m.p. 190.5-191SC. Trituration with aqueous NaOH, filtration and 
recrystallization from benzene-light petroleum gives the free base as plates, 
m.p. 222,C. Replacement of cyanamide with dimethylcyanamide gives 2-
dimethylarninohenzimidazole, albeit in low yield. 

2-Amino-1-(2' -pyridyl)benzimidazole [ 161] 

A mixture of N-(2'-pyridyl)cyanamide (0.119 g, l mrnol), -phenylenediamine 
(0.108 g, 1 mmol) and ethanol (10 ml) is heated under re flux (7 h). U pon 
cooling, the separated product is filtered and recrystallized from ethanol 
(0.070 g, 33% ), m. p. 259-- 260,C. 

2-Arylarninobenzimidazoles have also been made by refluxing 
phenylenediamines with N ,N-diphenylcarhodiirnide, with N-arylcarbonimi­
dates (see above) [168, 169] or with -methylisothiourea [169]. Carbodiimides 
can be efficiently made in 85-100% yields under rnild conditions by treating 
a thiourea with methanesulfonyl chloride in the presence of triethylamine and 
4-dimethylaminopyridine [170]. When -phenylenediamine is heated in DMF 
solution with a methyl N-aryldithiocarbamate the product is bcnzirnidazoline-
2-thione; at room temperature in the presence of a dcsulfurizing agent such 
as red mercuric oxide, moderate to good yields of 2-arylaminobenzirnidazoles 
are formcd [171]. 

General method [ 171] 

To a suspension of -phenylenediamine ( 1.1 g, lO mmol) and red HgO (2.2 g, 
lO mmol) in DMF (20 ml) a solution of a methyl N -aryldithiocarbamate [152] 
( 10 mmol) in DMF (1 O mi) is added with vigorous stirring at room temperature. 
After 3 h the solution is poured into 3% aqueous HCI (600 ml), boiled (2m in) 
and hot-filtered, befare cooling the filtrate in an ice bath and making it alka­
line (pH 8) with concentrated ammonia. The precipitate is filtered. dried and 
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recrystallized from acetonitrile. Example products (aryl group, yield given): 
Ph, 85%; -MeC6~. 78%; -CF3C6H4, 50%. 

There wiJI be sorne occasions, however, when it is more convenient to 
prepare 2-aminobenzímidazoles by nucleophilic substitution, e.g. in the pres­
ence of copper(I) bromide 2-chlorobenzimidazole reacts with diethylamine to 
form 2-diethylaminobenzimidazole [172], and therc are many other examples 
[169]. Tablc 3.1.5 Iists sorne examplcs of 2-aminobenzirnidazoles made from 
-ary1encdiamines. 

When it is desired to make 1 ,2-diaminobenzimidazoles, thc compounds can 
be prepared directly from acetyl 2-aminophenylhydrazincs (12) and cyanogen 
brornide [173, 174] with subsequent hydrolysis of the l-amido derivative 
(Scheme 3.1.15). It may, however, be more convenient to N-aminate a 2-
aminobenzirnidazole directly using -(2,4-dinitrophenyl)hydroxylamine or 
hydroxylarninc -sulfonic acíd [174, 175], which gives yields in the range 
40-76%. 

R'C(NH
2 

NH~HAc 

(12) 

l. BICN 

2. HQ 

Scheme 3.1.15 

1,2-Diamino-5-tri.fluoromethylbenzimidazole [174] 

R % 
56 
59 
65 

A solution of (12) (R = CF3, 0.44 g, 1.9 mmol) in water (50 ml) is mixed 
with cyanogen brornide (1.16g, 11 mmol) in water (IOmi). After stirring 
(2 h) at room temperature the solution is rotary cvaporated to give a salid, 1-
acetamidobenzimidazole hydrobromide monohydrate, which is recrystallized 
from acetonitrile (60% yield), m. p. 249-2st•c. A solution of this product 
(0.63 g, 1.8 mmol) dissolved jn 4 M HCJ (4.5 ml) is hcated under refiux ( 1 h), 
coolcd and madc basic with saturatcd sodium bicarbonate. The salid which 
separates is recrystallized from elhanol (0.35 g, 93%), m.p. 250-251T. 

Bcnzirnidazolyl-2-carbamates can be made either by variation of the 
cyanamide method, by the use of cyanocarbamates (see above) or by using 
isothioureas, which can be generated in situ by treating thiourea or S­
methylisothiourea with an alkyl chloroformate. Subsequent condensation with 
an -phenylenediamine at pH ~ 6 gives moderate to good yiclds [176-178]. 
The general process involves adding the alkyl chloroformate to an aqueous 
solution of the thiourea at room temperature, raising the temperature to 1 OO"C 
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for a short time, cooling and adding a further portian of alkyl chloroformate 
to complete formation of the isothiourea. Addition of the requisite amount of 
aqueous sodium hydroxide, then -phenylenediamine in acetic acid, followed 
by heating at loo· e for 2-3 h completes the cyclization. The yicld of 
methylbenzimidazolyl-2-carbamate from this method is about 70% [177]. 

Other reagent types which condense with -phenylenediamines include 
trichloromethyl derivatives of aromatic and heteroaromatic compounds [179], 
N-1-chloroalkylpyridinium salts [180) and triazines [149]. Whereas reactions 
of aldehydes with -diamines are widely applicable, the work-up procedures 
may be tedious. lt is often better to convert the aldehyde into an N-(1-
chloroalkyl)pyridinium chloride; indeed, the proccss can be adapted to a 
one-pot synthesis, it uses mild conditions and gcnerally gives high yields. 

General procedure for preparation of benzimidazoles [180] 

To a cooled (O•C) solution of thionyl chloride (0.9 ml, 12 mmol) in 
dichloromethanc (lO ml) is added dropwise a solution of pyridine (l. O ml, 
12mmol) in dichloromethane (6ml). Thc aldehyde (10mmol) is then added 
dropwise, and the mixture is allowed to cometo room temperature. Formation 
of the N-(1-chloroalkyl)pyridinium chloride is confirrned by NMR. 1be 
diamine (30 mmol) is then added slowly and stirred overnight, befare 
evaporation ofthe solvent. The residue is triturated with water to give the crude 
benzimidazole, e.g. 2-Ph (95%), 2-Pr (75%), 2-iPr (75%), 2-tBu (70%), 2-
Ph2CH (80%), 2- -MeC6~ (80%), 2-(2'-furanyl) (80%), 2-(2'-thienyl) (75%) 
and 2- -N02C6~ (70%). 

A commercially important method of synthesis of benzimidazoles is 
carried out by heating mixtures of an -nitroaniline (or -dinitroarene) with 
an alcohol in the gas phase. Although yields are quite good, secondary 
reactions can occur (e.g. with -nitroanilines the 2-alkylbenzimidazole primary 
products are converted into 1,2-dialkylbenzimidazoles, and mixtures or 
products are obtained [181 )). In contrast, -dinitroarenes rcact with alcohols 
in the presence of vanadium or copper and alurnina (at around 320.C) 
to give 2-alkylimidazoles exclusively [182). Such reactions are, however, 
ex.perimentally difficult in the usuallaboratory situation and offer no significant 
advantages. A more recent modification which treats an -arylenediamine with 
an alcohol in the presence of a ruthenium catalyst (RuCb(PPh3)3) seems 
promising. The catalyst has a dual role in that it oxidizes the alcohol and 
promotes cyclization [183]. 

Under this heading fall sorne approaches to the synthesis of benzirnidazole 
N-oxides which are forrned when -nitro- or -nitrosoanilines react with alde­
hydes. Undoubtedly these rcactions involve cyclízation of an initially formed 
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Schíff base, and as such they could be classified as a 1,2 bond formation. The 
acid-catalysed condensation between -nitrosoaniline and an a1dehyde gives 
yields of 2-substituted benzimidazole 1-oxides in the range 50-65%, but the 
method is of limited utility because the nitrosoanilines are difficult to make 
and they are unstable [184, 185]. The N-oxides can a1so be made from 
nitroanilines and aromatic aldehydes (ideally with the aldehyde:amine ratio 
slightly in excess of 2: 1). Reactions are carried out in a boiling hydrocarbon 
solvent with azeotropic removal of water as it is formed. lf higher temper­
atures are employed, or if the excess of aldehyde is greater, deoxygenation 
is likely to ensue [ 186, 187]. -Benzoquinone dioxime, readi1y prepared by 
reduction of benzofuroxan, reacts with aromatic (and sorne cinnamyl) alde­
hydes in the presence of strong acids to gíve 2-aryl-1-hydroxybenzirnidazole 
3-oxides. The yie1ds are dependent on the strength of the acid u sed. Perch1oric 
acid (70% aqueous) is best, but 48% aqueous hydrobrornic and 4M ethanolic 
hydrochloric acids both give high yie1ds [188]. 

1-Hydroxybenzimidazole 3-oxides [ 188] 

The aldehyde (50 mmol) and -benzoquinone dioxime (6.90 g, 50 mmo1) 
are dissolved in ethanolic hydrochloric acid (3.5 M, 100 ml). The reaction 
mixture is then reftuxed for several hours until the deep red colour 
disappears. After cooling, the hydrochloride is filtered off, suspended in 
ethanol ( 100 ml), water (200 mi) is added, and the mixture is neutralized 
with aqueous ammonia. The precipitate is filtered, washed in turn with 
water and ethanol, and dried. Prepared in this way are the following 1-
hydroxybenzimidazole 3-oxides (2-substituent, yield, m.p. listed): Ph, 72%, 
223-224"C; -Me2NC6f4, 91%, 180-185"C; -HOC6f4, 65%, 227-228"C; 

-HOC6H4, 72%, 263-265"C; -N02C6f4, 80%, 224-225"C; CH=CHPh, 
70%, 226-228"C; CH=CHC6f4- -NMe2, 70%, 223-225"C; 2-thienyl, 83%, 
183-185"C. 
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3.2 FORMATION OF 1,2 AND 1,5 BONOS 

e-N 
1 1 

e e 
~ 

Methods which fit this classification havc not becn uscd for thc synthesis 
of benzimidazoles. 

The majar strategies lcading to uncondcnscd imidazolcs rcvolvc around 
reactions of amines, ammonia or hydrazincs with suitable acylarnides, 
N-alkenylarnides, 2-azabutadicnes and N-cyanoalkyl- or N-w-acylimidates. 
Alkyl N-cyanoalkylimidates (1) are converted by primary amines into 1-
substituted 5-aminoimidazoles (2) (Schemc 3.2.1) [1, 2]. With hydrazines, 
1,5-diaminoimidazolcs are formed [3-5]. The reaction is quite general for 
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a wide variety of imidates with primary alkyl- and arylamines, substituted 
(but not 1,2-disubstituted, hydrazines, and semicarbazides. The R4 suhstituent 
can be alkyl, aryl, acyl or amida [6, 7]. 

R4 
1 

EtOCH=~CHC~ 

(l) 

Seheme 3.2.1 

R4 

)e) 
H2N ~ 

Rl 
(2) 

HC(OMe)J 
(Me02C)zCHK=CHOMe 

/ (3) 

,¡/RINH2 

Ethyl 5-amino-1-benzylimidazole-4-carboxylate (2) ( 1 = C 2Ph, 
4 =e 2EtJ!IJ 

A solution of ethyl 2-amino-2-cyanoacetate (6.25 g, 49 rnrnol) in acetonitrile 
(50 ml) and triethyl orthoformate (7 .6 g, 51 rnrnol) is refluxed (35 min), then 
evaporated to give an oil. A solution of this oil in acetonitrile (50 ml) with 
added benzylamine (5.35 g, 50 rnrnol) is refluxed (35 min), thcn evaporated to 
dryness, and the residue is dissolved in chloroform (100 ml) and washed in 
tu m with 2M sodium hydroxide (25 ml) and water (25 ml) befare drying o ver 
Na2S04. Removal of the solvent gives a gum which solidifies on trituration 
with ethyl acetate. The product (4.56 g, 37%) separates from ethyl acetate as 
needles, m.p. 160"C (dec.). Similarly prepared are the 1-( -methoxybenzyl) 
(40%) and 1-t-butyl (40%) analogues. 

The imidates are readily made from alkyl 2-amino-2-cyanocsters refluxed 
with an ortho ester, while the 2-amino-2-cyano esters are available by 
aluminium amalgam reduction of the oximino precursors [2]. Although 
yields are usually only in the range 35-60%, the process has useful 
application to the synthesis of 5-aminoimidazole nucleosides (using amino 
sugars as the amine reagents) [8, 9]. A more recent example converts 
the analogous methyl N-( dicarbomethoxymethyl)methanirnidate (3) into 
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1-substituted "5-hydroxy" imidazoles (4) (Scheme 3.2.1) [10]. The unstable 
imidate (3) is made in about 50% yield by slow, dropwise addition of dimethyl 
aminomalonate to a large excess of refluxing trimethyl orthoforrnate. It is 
conveniently stored as the stable -toluenesulfonic acid salt, and regenerated 
as needed by treatment with aqueous sodium hydroxide. When treated with 
primary amines or hydrazines at room temperature, (3) is converted into (4) 
in 65-90% yields (10]. This is possibly the best method of synthesis of 
2-imidazolin-5-ones or 5-hydroxyirnidazoles. 

Similar reactions take place between a-arnidoketones and amines in the 
presence of dehydrating agents. Thus, a range of anilines react with w­
benzamidoacetophenone heated in the presence of phosphorus trichloride to 
give 1-aryl-2,5-diphenylirnidazoles in 25-65% yields [ 11]. In spite of the 
moderate yields the method has had considerable application and success 
in sorne specific instances. Suzuki and co-workers used it to .make 2-
substituted 4-(2'-thienyl)- and 2,5-disubstituted 4-(2'-thienyl)irnidazoles in 
moderate to good yields (43 -86%). The required w-acylarnides (S) are 
made from the a-acylarnines under Schotten-Baumann conditions (65-99% 
yields) (Scheme 3.2.2) [12]. Subsequent reflux with arnmonium acetate in 
glacial acetic acid achievcs cyclization [13]. This essentially uses Davidson's 
earlier approach to irnidazole ring forrnation [ 14]. The required a-acylarnine 
starting compounds are readily made by treating methyl a-isocyanoacetate 
(commercially available) with an acid chloride in the presence oftriethylarnine 
or potassium t-butoxide. This generates an oxazole ester, which ring opens 
when treated with mineral acid [15]. Such a-acylarnines are also widely used 
in cyclizations with thiocyanate (see Section 3.3). a-Amidoketones can also 
be made in 55-70% yields from ketone-derived nitrones reacting with an N­
methylcarboxirnidoyl chloride [16], while direct alkylation in the presence of 
sodium hydride in DMF of the carbon anions derived from the a-arninoketones 
(R5 = H) providcs an altemative route to a variety of w-acylarnides (S) [13]. 

COCHR'NHCOR2 

d 
S 

(5) 

Scheme 3.2.2 

AcONI-4 

A e OH, 
reflux 

General methodforsynthesis ofw-acylamides (5) [12] 

~Rl 
~~~H 

R2 
(6) 

To a suspension of arninomethyl 3-thienylketone hydrochloride (95 g, 
0.54 mol) in ethyl acetate (900 ml) and water (500 mi) is added NaHC03 
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(118 g, 1.4 mol) at 0°C. The appropriate acid chloride (0.55 mol) is then added 
dropwise with vigorous stirring, which is continued at ambient temperature 
ovemight. The precipitate is collected. The organic !ayer is washed with water, 
dried (MgS04) and concentrated. The salid residue is recrystallized from ethy1 
acetate and added to the earlier precipitate. 

N-Methylbenzamide acetone [16] 

A solution of N -2-propylidenemethanarnine N -oxide [17] (1.24 g, 10 mmol) 
in anhydrous THF (30 ml) is cooled to OoC and stirred under N2 while 
triethylarnine (3.03 g, 30 mmol) is introduced by syringe. A solution of N­
methylbenzenecarboximidoyl chloride [18] (2.02 g, 13 mmol) in THF (5 ml) 
is then added dropwise. The resulting suspension is then allowed to warm 
to room temperature befare stirring (24 h). The reaction is quenched into 
a solution of aceta te buffer and stirred (30 min) at 25°C. The product 
is extracted into dichloromethane (3 x 30ml), and the combined organic 
extracts are dried (MgS04 ) and rot:iry evaporated. Purification of thc product 
by flash chromatography (5: 1 hexane-ethyl acetate) gives a colourless oil 
(1.15 g, 60%). 

General method for synthesis of 2,5-disubstituted 4-(2'-thienyl)imidazoles 
(6) [13] 

Ammonium acetate (20 g, 0.26 mol) is added gradually to a solution of the N­
acylarnino ketone (0.01 mol) in glacial acetic acid (2 ml) at 130-140°C o ver a 
2 h period. The reaction mixture is then cooled in an ice bath befare addition 
of cthyl acetate (1 00 ml), diethyl ether (50 ml) and water (1 00 ml). The organic 
!ayer is separated, washed with water, dried (MgS04 ) and evaporated under 
reduced pressure. The residue is purified by column chromatography using 
chloroform as the cluent. Recrystallization from a mixture of chloroform and 
hexane gives the product, e.g. (6) (R2 , R5 , yield given): iPr, H, 81%; Ph, H, 
54%; -FC6~. H, 63%; -BrC6H4, H, 54%; -MeC6H4, H, 53%; -ClC6H4, 
Ph, 75%. 

A number of related strategies uti1ize suitable "2-azabutadienes" in reaction 
with a nitrogen source (Scheme 3.2.3). Examples of suitable substrates 
include 4-arnino-2-azabutadienes (7) and 1-isocyano-1-tosylalkenes (8). These 
reactions have been the subject of a review article [19]. In the former 
compound (7) the ami no function is displaced in the cyclization. Por example, 
1-aminoimidazoles can be made by the reactions of hydrazines with suitable 
compounds (7) [20]. Yields are not particularly good, but the method may 
have application to the synthesis of sorne specific 1-arninoimidazoles. There 
are other examples of acid-catalysed cyclizations of similar 2-azabutadienes 
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wíth clectron donar and acceptor substituents, but yields are scldom hígh 
(Schcme 3.2.3) [21]. 

:-JHPh 
Ph 1 l. PbNHNH2, McOH 

X~\.__ -IO"C,2.5h 
~- -COzMe ------'----

Me N 2. McOH, re flux 
(X=lD:zMe) 

(68%) 

ro 
Ph N~ X ~Me2~"H,.CH01 , Me N Me OH, 25•e, 24 h, A (X=CO,Me.CN) 

NC X 
(7) R 

HXNMe2 ~ 
. R."lli2,HO - --- --- f} -SMe 

t\, DMF .)!__ ~/"" 

~Me2 

Phx~ > -C02Mc MeOzC N MeOzC N A (R=Pb(22%), 
MeS SMe PbGI, (38%)) 

Me N 

(X=CO,Me (17 %), 
CN(I6%)) 

R5 N=C 
)c-=-C/ RINH, 

H "Tos 
(9) 

Scheme 3.2.3 

-zoro -w·c 
(90-94%) 

The inítial problem in such processes has been to make thc 2-azabutadicncs 
(7), but thcy are available from the rcaction of suitable azomcthincs with 
dimethylformamidc diethylacetal in yields which rangc betwccn 35 and 87%. 
Azomcthincs with suítable dísplaceable substitucnts (amino, mcthylthio) can 
be convcrted into ímidazoles. They can be madc in high yiclds from amino 
acid estcrs [21]. 

Whcn TOSMIC reacts with an aldchydc or ketonc the products formcd 
are N-( 1-tosyl-1-alkenyl)formarnidcs (8) (yields are high, 50-85% ), which 
can be dehydratcd in 54-77% yiclds to givc 1-isocyano-1-tosyl-1-aikenes (9) 
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(Scheme 3.2.3) . These reacl smoothly with anunonia or primary aliphalic 
amines to give either 4-substituted or 1,5-disubstituted irnidazoles [22]. Two 
equivalents of the amine are needed (the second is to promote the -elimination 
of -toluenesu1fonic acid), and the reactions are usually complete in less than 
half an hour at room lemperature unless the .R1 substituent is bulky. The 
process is not suitable for making 1-arylirnidazoles, but offers a useful method 
of achieving 1,5 regiochemistry for 1-alkylimidazoles. 

1-Isocyano-2-phenyl-1-tosylethene (9) ( 5 = ) [22] 

To a solution of the formamide (8) (R5 = Ph) (7.53 g, 25 mmol) in dry 
DMF (25m!) under N2 al -S"C is added al! at once triethylarnine (17.5ml, 
125 mmol), followed by the slow addition (in ~5 min at -10 to -5"C) 
of POCh (2.5 mi, 27.3 mmol) in DME (2.5 ml). After stirring (1 h) at O"C, 
the mixture is added lo ice-water (500 ml) and immediately extracted wilh 
CH2C12 , and the organic extracts are dried (MgS04), concentrated and trealed 
with melhanol (30 ml) at -20oC to give the product (3.67 g, 54%), m. p. 80°C 
(dec.). Recryslallizalion from methanol gives an analytically pure product with 
the same melting point. 

1-Cyclohexyl-5-phenylimidazole [22] 

Cyclohexylamine ( 1.1 O g, 11 mmol) is added to a solution of (9) (R5 = Ph) 
(1.42 g, 5.0 mmol) in methanol (25 ml). The slightly exothermic reaction 
(temperature increases to "'30oC) is complete in 30 min. After dilution with 
water the product is extracted into CH2C}z, and the solvent is dried (MgS04) 

and concentrated. Vacuum sublimation (twice, 0.1 mmllg, bath temperature 
80-140oC) gives an oil (1.1 g, 97%) which slowly solidifies, m.p. ~SO"C. 
Similarly prepared are 1-t-butyl-5-phenyl- (82%), 1-methyl-5-phenyl- (87%), 
1-methyl-5-( -nitrophenyl)- (88%) and 1-methyl-5-t-butylimidazoles (46%). 

The above process ha<; been adapted to high-yielding synthesis of sorne 
C-5-linked imidazole nucleosides [23]. 

Methyl 3-bromo-2-isocyanoacrylates (10), which can also be made by dehy­
dration of the N-alkenylformamides, react with a variety of primary amines 
in the presence of triethylamine, to give moderale to good yields of 1,5-
disubstituted irnidazole-4-carboxylates (11) (Scheme 3.2.3) [24, 25]. 

Methyl (E)- and (Z)-3-Bromo-2-isocyanocinnamate (10) ( 5 = ) [24] 

Phosphoryl chloride (5.1 g, 33 mmol) is added dropwise toa mixture of methyl 
( )- and ( )-3-bromo-2-formylaminocinnamate [26] (8.52 g, 30 mmol) and 
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triethylamine (8.41 g, 83mmol) in dichloromethane (30ml) at -10 to -2o·c 
with stirring. After stirring at room temperature (2h), the mixture is poured 
into 20% aqueous potassium carbonate (30 ml). The organic layer is separated, 
washed with water, dried (MgS04 ) and concentrated in vacuo to give an oil. 
Chromatography on a silica gel column using chloroform as the eluent gives 
a mixture of the cis and trans products as a colourless oil (7 .2 g, 90% ). 

Methyl 1-phenethyl-5-phenylimidazole-4-carboxylate (11) ( 1 = (CHzh 
5 = ) 

Phenylethylarnine (0.53 g, 4.4 mmol) is added dropwise to a solution of (10) 
(R5 = Ph) (1.06g, 4mmol) and triethylarninc (0.62ml, 4.4mmol) in HMPT 
( 4 ml) under ice cooling and stirring. Stirring is continued at room temperature 
(6 h). The mixture is then pourcd into a mixture of diethyl ether and saturated 
sodium bicarbonate, and the ethcr layer is separated, dricd (MgS04) and rotary 
evaporated. Chromatography of the residue on a silica gel column eluted with 
ethyl acetate-hexanc (1:1) gives the product as a colourless oil (0.96g, 78%). 
Similarly prepared are the following compounds (11) (R1, R5 , yield listed): 
PhCHz, Ph, 80%; PhCHz, EtzCH, 61 %; 3-picolyl, Ph, 71 %; Me, Ph, 74%; 
-MeOC6~. EtzCH, 54%; Ph, Ph, 59%. 

It is possible to make 4-acylimidazoles from 1 ,3-dicarbonyl compounds 
nitrated in their enolic forms (Scheme 3.2.4). The resultant nitroalkenes 
form N-alkenylformamides when reduced, and subsequent cyclization with 
formarnide in forrnic acid gives the products, albeit in only moderate 
yields [27]. 

/OH 
Rl-C-CH=C, 

~ R2 

NHCHO 
/ .rOH 

Rl-c-c=c, g R2 

N, o. -
HillNH2 

HCO,H 

7"02/0H 
Rl-C-C-C 

~ 'R' 

Scheme 3.2.4 

- -- Pd!aH, _,.._ 
MeC01CHO 

(R1 = R2 =Me (28 %), 
(CH2):¡ (46%)) 

When oxoketene acetals (12) are heated at 20o•c in a scalcd tube with 
nitrosoaromatics in acetic anhydride, imidazolcs (13) are formed in moderate 
to good yields (Schcme 3.2.5) [28, 29]. Best rcsults use exccss of the 
nitrosoaromatic. Presumably the reaction is initiated by attack of the nitroso 
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nitro gen at the carbon a to the carbony l function. The a-ox.oketene- ,N­
acetals (12) are easily derived from a varicty of active methylene ketones, 
and represent a novel class of functionalized enaminones or vinylogous 
ami des [30, 31]. 

A r:\1=:: 0120J"C 

or NOCVpyridine 

(12) (13) 

Scheme 3.2.5 

General procedure for synthesis of imidazoles (13) [28] 

A solution of (12) (0.01 mol) and nitrosobenzene (0.03 mol) in acctic anhy­
dride (25 ml) is heated in a sealed tube (200°C, 1 h). The acetic anhydride 
is removed under reduced pressure, the rcsidue is diluted with water (50 ml) 
and extracted with chloroform (3 x 250 mi). The combined organic extracts 
are dried (Na2S04) and evaporated to give the various compounds (13) which 
can be purified by chromatography on silica gel using benzene-hexane (1 :4) 
as the eluent. Examples of (13) (Ar, R, R 1, R2, yield listed): Ph, Ph, Me, 
Ph, 85%; Ph, -MeC6H4, Me, Ph, 83%; Ph, -Me0C6~. Me, Ph, 84%; Ph, 
-CIC6~, Me, Ph, 85%; Ph, Ph, Et, Ph, 80%; Ph, Ph, CH2Ph, Ph, 82%; Ph, 

Me, Me, Ph, 78%; Ph, Ph, Me, H, 75%; Ph, -MeC6~, Me, H, 72%; Ph, 
-ClC6~, Me, H, 75%; Ph, Ph, Me, Me, 80%; Ph, -MeC6~, Me, Me, 77%; 

Ph, -C!C6~, Me, Me, 78%; -MeC6~, Ph, Me, Ph, 84%; -MeC6H4, Ph, 
Me, H, 70%; -MeC6H4, Ph, Me, Me, 72%. 

Similar results are obtained when the oxoketene acetals are heated with a 
slight excess of nitrosyl chloride in dry diethyl ether-pyridine. Again yields 
range betwcen 55 and 87% [29]. 
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Ring Syntheses lnvolving Formation of 

Two Bonds: [3 + 2] Fragments 

4.1 FORMATION OF THE 1 ,2 AND 3,4 (OR 1,5 AND 2,3) 
BOND S 
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R 

Only approaches to the uncondensed imidazole ring are available using thls 
strategy. 

The earliest method of thls type was the old Marckwald synthesis L 1] 
in which a suitable a-aminoearbonyl compound is cyclized with cyanate, 
thiocyanate or isothlocyanate. More recent modifications have employed the 
acetals of the a-amino aldehyde or ketone or an a-amino acid ester. The 
two-carbon fragment can also be provided by cyanamide, a thioxamate, a 
carbodiirnide or an imidic ester. When cyanates, thiocyanates or isothio­
cyanates are used, the irnidazolin-2-ones or -2-thlones (1) are formed initially, 
but they can be converted into 2-unsubstituted imidazoles quite readily by 
oxidative or dehydrogenative means (Scheme 4.1.1 ). The chief limitations of 
the method are the difficulty of making sorne a-aminocarbonyls and the very 
lirnited range of 2 substituents which are possible in the eventual imidazolc 
products. The method is nonetheless valuable and widely used, and typically 
condenses the hydrochloride of an a-amino aldehyde or ketone (or the acetals 
or ketals), or an a-amino-,8-ketoester with the salt of a cyanic or thiocyanic 
acid. Usually the aminocarbonyl hydrochloride is warmed in aqueous solu­
tion with one equivalen! of sodium or potassium cyanate or thiocyana:te. An 
alkyl or aryl isocyanate or isothiocyanate will give an N-substituted imidazole 
product (2), as will a substituted aminocarbonyl compound (Scheme 4.1.1) 
[2-4]. 

The most convenient method of making a-aminoaldehydes is by reduction 
of a-arnino acid esters using sodium amalgam [5, 6] by what has come 
to be known as the Akabori method. Altematively, an a-halogenocarbonyl 
compound can be converted vía the Gabriel synthesis into the aminocarbonyl 
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R5~~x 
H 

(1) 

analogue [7]. An appealing altemative approach to the preparation of a­
bromoketones treats a vinyl bromide with !'BS (1.1-l.Seq.) in aqueous 
acetonitrile (1 :4 H2 0:MeCN) containing a catalytic amount of hydrogen 
brornide. The bromoketones are obtaincd in 60 -85% yields [8]. A reccnt 
easy and fast conversion of N2-[(t-butoxy)carbonyl] (Boc) L-amino acids 
into the corresponding a-aminoaldehydes is based on the reduction of 
mixed anhydrides with LiAl(tBuOhH. The t-butoxy-protected arnino acids 
are commercially available (Fluka), and yields of Boc-aminoaldehydes are 
reported in the range 76-85% [9]. Nitrosation of a ketone in the a position 
followed by reduction is yet another altemative [10]. When ethy1 azidoformate 
is thermolysed in an enol trimethylsi1yl ether, followed by treatment with silica 
gel, the products are N -ethoxycarbonyl-a-arninoketones. Such reactions are 
carried out in sealed tu bes at llOOC (......, 15 h) wíth ethyl azidoformate and the 
substrate in a 1: 1 O volume ratio. Excess substrate is distilled off at the end of 
thc reaction, and chromatography of the crude products gives 35-65% yields 
of the a-arninoketones [ 11]. 

Dírect arninolysis of an a-bromoketone also gives the a-aminoketone 
provided that conditions are carefully controllcd Ll2]. 

General method Ll2] 

Under an argon atmosphere, a pressure-equalizing dropping funnel charged 
with the bromomethyl ketone (1 0.0 g) in diethyl ether (20 mi) is attached to a 
300 m1 RB ftask containing a magnetic stirrcr bar and a solution of primary 
amine (3 or 2 eq.) in ether (70 ml). The solution is stirred while cooling to 
-78'C in a dry-ice-acetone bath. The solution of the bromoketone is then. 
added dropwise over 15 min, and the mixture is stirred for severa! hours until 
precipitation of the hydrobromide salts appears complete. The product is then 
shaken in a separating funnel with a small amount of 15% aqueous NaOH 
until the white solids dissolve. The ether !ayer is washed with water and then 
with brine, separated, dried (MgS04 ), filtered and conccntrated to give the 
crudc a-aminoketone as a pule yellow oil or solid. The individual compounds 
can be isolated by vacuum distillation or flash chromatography in 80-90% 
yields. Usually it is not necessary to purify the products before conversion 
into imidazoles. 
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Aminoketones can also be made from amino acids by successive 
acylation-hydrolysis stcps. 

Acetamidoacetone [13] 

A mixture of glycine (75.0 g, l. O mol), pyridine (485 ml, 6 mol) and acetic 
anhydride (1 .11. 11.67 mol) is heated under reftux with stirring (6 h). Excess 
pyridine and acetic anhydride are removed under reduced pressure, and the 
residue is distilled using a Claisen head to give a paJe yellow oil, b1 120-125•c 
(80-90 g, 70 . 78% ). 

Aminoacetone hydrochloride [13] 

A mixture of concentrated hydrochloric acid (175ml) and water (175rnl) is 
added to the acetamidoacetone (52 g, 0.45 mol). The mixture is boiled under 
rcftux in a nitrogen atmosphere (6 h) and concentrated by flash evaporation 
below 60"C using a condensation trap for solvent cooled in a dry-ice-acetonc 
bath. A dark, oily residue (40-45 g) is obtained. This is very hygroscopic 
but can be dricd over P20 5 in a vacuum desiccator. Purification is achicved 
by recrystallization from absolute ethanol, adding cther until cloudy. This 
reagent can be stored as the semicarbazone, from which aminoacetone can be 
generatcd as required in situ. 

a-C -Acylamino acid esters can be made quite readily in good yields by acid 
hydrolysis of a-acyl-a-isocyanoacetate analogues (or oxazole-4-carboxylates), 
which in tum are prepared from a-isocyanoacetates with acyl halides or acid 
anhydrides in the presence of metallic or organic bases. Hydrolysis (6 M HCI, 
90-9s·c, 4 h) of either the oxazole derivatives or the a-C-acylamino esters 
givcs good yields (50-65%) ofthe a-aminoketones as hydrochloride salts [14]. 

a-Benzoylaniline methyl ester hydrochloride [ 14] 

Toa mixture of DBU (6.0 g, 0.04 mol) and DMF (40 rnl) is added a mixture uf 
methyl a-isocyanopropanoate (3.39 g, 0.03 mol) and DMF (lO mi) at ambicnt 
temperature with stirring over a period of lO rnin. After further stirring (3 h), 
benzoic anhydridc (6.78 g, 0.03 mol) in DMF (1 O ml) is added dropwise with 
vigorous stirring during 30 min at 3a·c. After further stirring (3 h), water 
( 100 ml) is added with cooling, and the resulting solution is extracted with 
ethyl acetate (l 00 mi). The extracts are washed in turn with water (2 x 50 rnl) 
and 10% aqueous ~a2C03 (2 x 30m!), dried (MgS04), and the solvent is 
removed. Distillation of the residual oil under reduced pressurc gives methyl 
a-benzoyl-a-isocyanopropanoate (4.2 g, 65%), bo. 1s 95-9TC. The isocyano 
product (2.17g, 0.01 mol) is thcn dissolved in 2M HCI (30ml) and heated 
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at 40'C (1 h), the solvent and excess acid are removed under reduced pres­
sure below 30'C, and the crystals obtained are washed with ethyl acetate. 
Recrystallization from ethyl acetate-methanol gives the above product (2.4g, 
quantitative), m.p. 154-ISS'C. 

Typical hydrolysis procedure to 01.-aminoketone hydrochloride 

a-Butyrylglycine es ter hydrochloride (0.5 g, 2.4 mmol) dissolved in 6 M HC1 
(20ml) is heated (4h) at 90--95'C. The solvent is removed under reduced 
pressure, and the resulting crystalline product is washed with ethyl acetate, and 
then recrystallized from ethyl acetate methanol as colourless leaftets (0.29 g, 
90%), m.p. 172-174'C. A variety of analogues have also been made in yields 
of 75-95%. 

Reactions between a-aminocarbonyl compounds (or their acetals) and 
cyanates, thiocyanates and isothiocyanates are accomplished in tli.e presence 
of acid, usually at a pH around 4. Table 4.1.1 lists sorne examples. Acetals 
are usually much more stable than 01.-aminoaldehydes, and they become the 
substrates of choice in many instances, being hydrolysed in situ [21]. 

Alkylaminoethanal dimethylacetals [23] 

A mixture of 2-chloroethanal dimethylacetal (12.45 g, 0.1 mol) and alkylamine 
(0.4 mol) is heated under reflux (24 h), cooled, poured into a stirred mixture 
of KOH (25 g), water (50 mi) and chloroform (1 00 mi). The organic !ayer is 
separated, and the aqueous !ayer is extracted three times with chloroform. The 
combined chloroform extracts are dried (K2C03), concentrated and distilled. 

One can prepare a wide range of isothiocyanates conveniently from 1, 1'­
thiocarbonyldiimidazole and the appropriate arnine, e.g. phenylisothiocyanate 
(78%) using aniline, cyclohexylisothiocyanate (72%) using cyclohexylamine 
or n-butylisothiocyanate (R 1 %) using n-butylarnine [24], thereby allowing 
synthesis of N-substituted imidazoles (see Table 4.2.1). An improved proce­
dure refluxes the a-aminoketone hydrochloride with the isothiocyanate in 
toluene containing one equivalent of triethylamine. The thiourea derivative 
which is formed eliminates water to give the imidazole product. Continuous · 
removal of the water with a Dean-Stark apparatus improves yields, while the 
triethylamine serves as an HCI scavenger [4]. 

Methyl 2-mercapto-4-phenylimidaz.ole-5-carboxylate [15] 

A mixture of methyl 01.-benzoylglycinate hydrochloride (6.0g, 0.02mol) and 
potassium thiocyanate (2.3 g, 0.02 mol) in water (6 mi) is heated at 60-90'C 
(4 h). The mixture is cooled in ice, and the precipitate is filtered, washed with 
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TABLE 4.1.1 
Imidazolin-2-thiones (1), (2); (X=S) made from a-aminocarbonyls (or their acetals) 

with thiocyanates or isothiocyanates 

Rl R4 Rs Yicld (%) Re f. 

H H Pr 50 10 

H H iPr 50 10 

H H iBu 45 10 
H H n-C6HI3 60 10 

H H CH2Ph 85 21 

H H 2-FC6~ 64 21 

H H 2-C1C6~ 79 21 

H H 4-MeCó~ 95 21 

H H 4-Me04~ 98 21 

Il H CH2CHzPh 78 21 

H H 2'-Thienyl 81 21 

H H 2'-Pyridyl 61 21 

H H 3'-Pyridyl 29 16 
H H C02Me 50 17 

H Ph C02Me 92 15 
H 4-FC6~ C02Me 86 15 

H 2-C1C6~ C02Me 94 15 
H CHzPh C02Me 83 15 
H 4-MeC6~ C02Me 96 15 
Me H Me 91 18 
Me H COz Me 44 19, 20 
ClhPh H C02Me 97 17 
Pr H Me 84 5 
Ph H COz Me 86 17 
n-C~H11 H H 36 23 

n-C7H1s H H 29 23 
CH2Ph H CHzCOCHzPh 31 5 
CHzCOMe H Me 35 5 
Pr COzEt C02Et 59 22 
iPr COzEt C02Et 55 22 
Bu C02Et C02Et 47 22 
Et COzEt COzEt 57 22 
Me H tBu 31 4 
~e H iPr 56 4 
~e Me H 40 18 

CHzPh H tBu 30 4 

n·C6H:1 H iPr 18 4 
CH2-CH=CHz H tBu 43 4 

(CHzhSMe H tBu 2R 4 

(CHz)zAc H tBu 57 4 
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cold water and recrystallized from methanol, to give the product as colourless 
prisms (4.3g, 92%), m.p. 186-187'C. 

5 -t-Butyl-1-methoxyethylimidazolin-2-thione [ 4] 

A stirred solution of 1-amino-3,3-dimethyl-2-butanone hydrochloride [10) 
(5.0 g, 37 mmol), 2-methoxyethyl isothiocyanatc (4.3 g, 37 mmol) and 
triethylamine (3.7 g, 37 mmol) in tolucne (60 rnl) is refluxed (24 h) while 
collecting water in a Dean-Stark trap. The solvent is rotary evaporated to 
leave a semi-salid residuc which is partitioned between dichloromethane and 
water. The dried (MgS04 ) organic extract is chromatographed on a column 
containing Aorisil (50 g), and the elutcd product is recrystallized from ethyl 
acetate to give colourless crystals (4.5 g, 57%), m.p. 93-96'C. 

Imidazole 4(5)-carboxylic esters and their 1-alkyl-5-cster derivatives can 
be made from glycinc and its N-aryl derivatives (Scheme 4.1.2) [17]. The 
1,5 isomer is the unique product in this case. The appropriate glycine ester 
is initially formylated, then treated with an alkyl forrnate in the presence 
of sodium alkoxide, lo give the sodium enolate salt of the N-formylglycine 
ester. Care must be taken at this stage to avoid transesterification, e.g. 
treating the ethyl ester with methyl formate in sodium methoxidc converts it 
into the methyl ester [25). We have also found that addition of a catalytic 
quantity of mcthanol to this reaction mixture hastens the rate of Claisen 
condcnsation. Subsequent cyclocondcnsation with potassium thiocyanatc and 
either oxidative or reductive desulfurization leads to thc imidazolc ester. The 
reaction works well for N-formyl or N-acetyl glycine esters but not for 
the N-benzoyl analogues. Thc cyclocondensation process rapidly cleaves the 
N-acyl group [17]. 

Raney :'ili 

or 
50%HNO:J 

Scheme 4.1.2 

/

KS[J\; 
HO 
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Methyl imidazole-4-carboxylate [25] 

To a wanned solution of glycine ethyl es ter hydrochloride (75 .O g, 0.54 mol) 
in 90% formic acid (150 mi) is added a hot solution of sodium formate 
(45.0g, 0.66mol) in 90% formic acid (lOOml). After standing (lh), the 
precipitated NaCl is filtered off, and acetic anhydride (250 mi) is added in 
portions. When the vigorous reaction has subsided, the mixture is heated 
at 1 OOoC (30m in), then evaporated under reduced pressure to remove the 
acetic and formic acids. The residue is dissolved in acetone (500 ml), and 
the solution is filtered from additional NaCI, and then cvaporated. Distil­
lation gives N-formylglycine ethyl ester (59.5 g, 85%), bz 127°C. To this 
es ter (57 g, 0.43 mol) dissolved in dry benzenc (200 mi) is added dry methyl 
formate (78.0 g, 1.30 mol) and a catalytic quantity of methanol. The mixture is 
cooled in an ice bath, and, with continuous stirring, frcshly prepared sodium 
methoxide (27.0 g, 0.50 mol) suspended in dry benzenc (50 mi) is added at 
such a rate that thc temperaturc does not exceed 15"C. After stirring for a 
further 2 h thc mixture is chilJed ovcrnight, and the crude enolatc salt is filtered 
and washed severa! times with dry benzene. The crude salt is then dissolved 
in the rninimum volume of water, cooled in an ice bath, and then concen­
trated HCI (85 mi, 1.0 mol) is added slowly. Potassium thiocyanate (49.0 g, 
0.50mol) is then added and the solution is wanned (2h) at 50-70°C. After 
chilling ovemight the crystalline methyl 2-mercaptoirnidazole-4-carboxylate is 
filtered, washed with a smalJ quantity of water, air dried, then recrystallized 
from water to give the pure product ( 12.9 g, 19% based on thc N -formyl ester), 
m.p. 189oC (dec.). 

To the above mercaptoester (3.0 g, 19 mmol) in ethanol (20 mi) is added a 
wct suspension of frcshly prepared Rancy nickel [26] in ethanol ("'-'5 g). The 
mixture is heated under reflux and monitored by TLC on silica (ethyl acetate). 
The desulfurization is complete in about 1 h. The suspension is then treated 
with activated charcoal, filtered (Celite) and washed with a little ethanol, 
and then the filtrate is rotary evaporated. Recrystallization of the residue 
from aqueous ethanol gives methyl imidazole-4-carboxylate (1.27 g, 53%), 
m.p. 149°C. 

a-Aminocarbonyl compounds react rather less readily with cyanates to form 
2-"hydroxy" imidazoles. Yields are usually poor to moderate only [17, 27 ], and 
it seems more productive to make these compounds by addition of isocyanates 
to N-unsubstituted 4-oxazolin-2-ones. The 2-oxo-4-oxazoline-3-carboxarnides 
which form are cleaved at elevated temperatures in the presence of strong acid. 
Subsequent ring closure Jeads to good yields of substituted imidazolin-2-ones 
(44-92%) [28]. 
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1-Ethyl-5 -methyl-4-phenylimidazolin-2-one [27] 

Triethylamine (3.0 g, 30 mmol) is added dropwise during 30 min to a solu­
tion of a-amino-0!-phenylacetone hydrochloride ( 1.86 g, 1 O mmol) and ethyl 
isocyanate (I.Og, 14.1 mmol) in acetone (lOO mi) at o·c with stirring. After 
1 h the solution is filtered, the acetone is evaporated, and the residue recrystal­
lized from aqueous ethanol to give the product ( 1.0 g, 50%), m.p. 215-217•c. 
Similarly prepared in 61% yield is 1 ,4-dimethyl-5-phenylimidazolin-2-one. 

When cyanarnide replaces the cyanate, thiocyanate or isothiocyanate in the 
general method a useful route to 2-aminoimídazoles is opened up [29-31 ]. 
The intermediate guanidine which is formed in these reactions can often be 
isolated, and so the process could also be classified as a 1 ,5 bond formation 
(see Section 2.2). 

2-Aminoimidazole L3l] 

Aminoacetaldehyde dicthyl aceta! (4g, 30mmol) is heated (1 h) at lOO"C with 
cyanarnide (2.5 g, 60 mmol) dissolved in water containing a few drops of 
acetic acid. After concentration under reduced pressure the resulting syrup 
is triturated with dry ether, and the gummy residue is treated with acetone 
(30 mi) to give N -(2,2-dicthoxyethyl)guanidine acetate ( 1.8 g, 28%) as colour­
less crystals. The acetate (1 g, 4.7 mmol) is then warmed in concentrated HCI 
(3 mi) for a few minutes in a water bath. After cooling, water is added and 
the solution is evaporated to dryness in vacuo. The process is repeated. The 
crystalline hydrochloride obtained in quantitative yield is recrystallizcd from 
ethanol-ether as hygroscopic pi ates, m. p. 1ss·c. 

Ethyl 2-amino-1-methylimidazole-5-carboxylate hydrochloride [29] 

A solution of N-methyl-,8,,8-diethoxyalanine ethyl cstcr (10 g, 45 mmol) in 
10% aqueous HCl ( 117 ml) is heated at 60"C (3 h). After cooling to -30"C 
and adjusting the pH to 4.5 with 1 O% aqueous ~ aOH, cyanarnide (5.2 g, 
120 mmol) is added, and the mixture is again stirrcd at 6o·c (2 h) whilc main­
taining the pH at 4.5 by addition of dilutc hydrochloric acid. The resulting 
solution is decolorized by boiling with charcoal, filtered and rotary evap- . 
oratcd to dryness befare trituration with diethyl ether to remove unreacted 
cyanamide. The remaining salid is then extracted severa! times with anhydrous 
ethanol containing 5% dry hydrogen chloride, the extracts are concentrated, 
and the syrupy product is separated by addition of ether. Crystallization from 
isopropanol gives the pure es ter hydrochloride (5.8 g, 62%) as a hygroscopic 
salid, m.p. 200-205"C. 
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Other N -C species which have been successfully condensed with 
a-arninocarbonyl compounds in elude thiooxamates [ 13, 19, 32], imidic 
esters [33-38], formamide [12] and N-substituted carbonimidodithioates [39]. 
Thiooxamates are readily made by treatrnent of ethyl cyanoformate with 
hydrogen sulfide in pyridine. They are easily alkylated using trialkyloxonium 
fluoroborates or other powerful alkylating agents befare reaction with the 
aminoketone, to provide a useful route to 4-alkylimidazole-2-carboxylates (3) 
in greater than 70% yields (Scheme 4.1.3). Imidic esters (4) react similarly, e.g. 
(4) (R2 = CD3) as its hydrocWoride has been converted by arninoacetaldehyde 
diethyl aceta! into 2-trideuteriomethylirnidazole in 66% yield [36], while 
(4) (R2

"" 2,6-dimethoxybenzoyl) reacted in turn with the same aceta! and 
p-toluenesulfonic acid to give 2-(2' ,6'-dimethoxy)benzoylimidazolc (79%) 
(Scheme 4.1.3) [37]. Such imidic esters are readily made by treatment of 
a nitrile with ethanol in the presence of acid [34]. When N-substituted a­
aminoketones are heated with formamide the product is a 1 ,4-disubstituted 
imidazole (5). Although reported yields are only moderate, this would 
still appear to be the method of choice for preparing imidazoles with 1,4 
regiochemistry. The nature of the 4 substituent is only limited by the 
availability of bromomethyl ketones (which react with a primary arnine 
in ether at -78oC to give the substituted a-arninoketone), but the recent 
synthesis of a-haloketones from haloalkenes increases the range of such 
substrates (see above). The major problem seems to be sorne restriction 
to the range of nitrogen substituents, since hindered anilines or amines 
of low nucleophilicity hamper the eventual reaction with formarnide L 12]. 
Reaction of N-alkyl- or N-arylcarbonimidodithioates with arninoacetaldehyde 
acetals in refluxing acetic acid gives 1-substituted 2-methylthioimidazoles 
(6) in high yields (80-90%) (Scheme 4.1.3). Quite long reaction times 
are needed (10-16h), and it is not clear if a-aminoketones will take part 
in the reaction. The carbonimidodithioates have been known for sorne 
time, and they can be made from a wide range of alkyl- and arylamines 
[39, 40]. 

2-Methylimidazole-d3 [36] 

To ethyl imidoacetate-d3 hydrochloride (20 g) in dry CH2C]z is added, with ice 
cooling, arninoacetaldehyde diethyl acetal (21.2 g). After standing overnight at 
25°C, the solvent is removed, the residue is treated at OoC (3 h) with concen­
trated sulfuric acid (40 rnl), and then neutralized with SO% aqueous NaOH, 
again with cooling in ice. The resulting solution is saturated with sodium 
chloride and extracted repeatedly with chloroform, and the organic extracts 
are dried (NazS04 ) and concentrated. Crystallization from benzene gives the 
product (0.52 g, 66%), m.p. 246-24rc. 
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2-Aminoprapanal diethylacetal (5.0 g, 34 mmal) and ethyl4-fiuorabenzimidate 
(5.7 g, 34 mmal) combined with glacial acetic acid (4 rnl) are heated at 1 OOoC 
(2 h) befare addition af 5 M HCl ( 14 rnl) and further heating at 1 OOoC (30 min). 
The salutian is then diluted with water (ISO rnl) and extracted with ether 
(3 x 150 rnl). The ethereal salutian is then dried (NazS04 ) and evaporated, ta 
give a residue (3.5 g), which on recrystallizatian fram acetonitrile gives the 
pure product (2.4g, 39%), m.p. 185-187°C. 

General procedure for 1,4-disubstituted imidazoles using fonnamide [ 12] 

A 300 mi two-necked fiask with an attached air candenser is charged with 
farmarnide (35 rnl) and heated to 180oC under argon with stirring. The 
aminaketane is added, fram a pressure-equalizing drapping funnel, drapwise 
during 1 h. Salid aminoketanes are added in partions aver 1 h. The mixture 
is then allowed to react for an additianal 2-8 h at 180°C. After caaling, 
the dark reaction mixture is treated with an equal valume af water and 
15% aqueaus NaOH (20 mi) befare extracting with toluene (2 x 200 mi). The 
cambined taluene extracts are washed with water and brine, dried (Na2S04), 

filtered and rotary evaporated to give a yellaw-brawn ail which is purified 
by flash chramatagraphy using ethyl acetate-methanal (9: 1) ar ethyl acetate 
as the eluent. Kugelrohr distillatian and recrystallization from hexanes can 
al so be u sed to give the hygroscopic products (5) (R, R 1, yield given): 
Me, tBu, 21 %; iPr, Et, 27%; iPr, iPr 47%; iPr, tBu, 34%; tBu, Et, 30%; 
tBu, iPr, 39%; tBu, tBu, 28%; tBu, PhCHz, 82%; tBu, p-talyl, 20%. Sorne 
tetraalkyl-1 ,2-dihydropyrazines may alsa be formed by self-condensatian of 
the a-aminoketones, but they are readily identifiable by their complex proton 
~R spectra. 
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General procedure for 1-alkyl- and 1-aryl-2-methylthioimidazoles (6) [39) 

A solution ofthe dimethyl N-aryl- or N-alkyl-carbonimidodithioate (JOmmol) 
and arninoacetaldehyde diethyl aceta! (2.0 g, 15 mmol) in glacial acetic acid 
(IOml) is boiled (10-15 h). The acetic acid is removed under reduced 
pressure, the residue is dissolved in chloroforrn (50 ml), washed with water 
(3 x 30 ml), dried (NazS04) and evaporated, to give the crude product. 
Purification is achieved by column chromatography on silica gel using ethyl 
acetate-hexane (l :4) and recrystallization from dichloromethane. Typical 
products (6) (R3, reaction time, yield given): Ph, !Oh, 80%; p-MeC6H4, 10h, 
89%; p-MeOC6H,¡, 11 h, 85%; p-CIC6l4. lüh, 81%; p-BrC6f4. IOh, 90%; 
o-MeC6H,¡, 15 h, 82%; o-ClC6l4, J6h, 83%; Me, 11 h, 80%; Et, 12h, 81%; 
CH2Ph, 15 h, 85%. 

Reaction of an imidate with arninomalonodinitrile gives a 1-substituted 5-
aminoimidazole-4-nitrile in Iow to moderate yields (10-60%) (Scheme 4.1.4). 
The reactions are carried out at room temperature in an acetate buffer, and 
there are similarities to reactions of DAMN (see Sections 2.1.1, 2.2.1 and 
3.1.1) [35], and to the synthesis of 5-arnino-4-cyanoimidazole from arnino­
malonodinitrile and forrnamidine acetate [41]. The reaction with an ethyl 
formimidate may initially involve replacement of the ethoxy group by arnino 
followed by ring closure. Yields are reported to be low to moderate, with ethyl 
N-heteroarylformimidates reacting more readily than the N-aryl analogues. 
lndeed, the phcnyl derivative wilJ not react at all. 

RN=COEt + H2N-CH(CN)2 
. TsOH 

NaOAc,HOAc 

RT . 

Scheme 4.1.4 

NC 

)) 
H2N N 

1 (11-63%) 
R 

(7) 

General method for 1-substituted 5-aminoimidazole-4-nitriles (7) [35] 

To a stirred solution containing arninomalonodinitrile p-toluenesulfonate 
(Aldrich or Fluka) (5.1 g, 20mmol), sodium acetate (1.6g. 20mmol) and 
acetic acid (30 mi), the ethyl formimidate (20 mmol) is added portionwise over 
20 min. The solution is stirred at room temperature (16 h), before addition of 
ice-water (200 ml). The precipitate is filtered, washed with water (lOO ml) 
and recrystallized from ethyl acetate-hexane. Typical products (7) (R, yield): 
2-pyridyl, 28%; 3-pyridyl, 30%; 2-pyrimidinyl, 30%; p-CJC6H4, JI%; o­

CIC6H4, 33%; 2,4-CizC6HJ, 21%; 5-CI-2-pyridyl, 29%. 
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A one-step synthesis of 4,5-disubstituted imidazole-2-carboxamides reacts 
a 1,2-diketone monophenylhydrazone with aminornalonamide (Scheme 4.1.5). 
Yields lie in the range 42-77%. Reactions are carried out in 1-methyl-2-
pyrrolidinone at IOO"C, and the method can be adapted to the preparation of 
2-cyanoimidazoles by subscquent dehydration of the amides with phosphoryl 
chloride [42]. 

A novel imidazole synthesis utilizes the salt N-isopropylacetonitrilium tetra­
chloroferrate (8) in condensation with an amino acid ester. The salt is readily 
made from acetonitrile, ferric chloride and isopropyl chloride. For example, 
with norvaline methyl es ter a 40% yield of 5-hydroxy-1 -isopropy l-2-methyl-4-
propylimidazole results. The reaction is believed to proceed vi a an intermediare 
amidine. Similarly, 1-isopropyl-2,5-dimethylimidazole is formed whcn (8) 
reacts with propargylamine (Scheme 4.1.5) [43, 44). 

__ H=...2:'ii_Oí_<:_m_NH--=:2lz=-- _ ~ 

Me C==Ñ-iPr Feq­

(8) 

R):• N ( R4 =Me, Ph ) 
)-coNH Rs =H. Ph, Me 

R5 :-.¡ 2 

H 

Scheme 4.1.5 

1-lsopropyl-2,5-dimethylimidazole [43] 

To a suspension containing fenic chloride (12.5 g, 77 mmol) in isopropyl 
chloride (50 mi) at O'C is added, dropwise with stirring, acetonitrile (3.16 g, 
76 mmol) dissolved in a little isopropyl chloride. The mixture tums red and 
then yellow. After 3 h at o· e the precipitated salt can be filtered off in 
around 80% yield. To the crude salt (8) in dichloromethane ( 40 mi) is now 
added, dropwise with stirring and ice cooling, a solution of propargylamine 
(S g, 90 mmol) in dichloromethanc (10 mi). Thc mixture is kept refrigerated 
ovemight, then treated with 30% aqueous sodium hydroxide and cther 
extracted. The combined ether extracts are dried (NazS04 ), and then removed 
before vacuum distilJation of the imidazole product in 40% yield, bo.s 6o·c. 

Another reaction which proceeds through an interrnediate amidine is that 
in which 4-formylimidazoles are made from 5-arninopyrimidine and an N­
substituted imidoyl chloride in the presence of phosphoryl chloride. Once 
thc intermediate amidine has formed, the pyrimidine ring opens up. Yields, 
however, are rather Iow (~25%) [45]. 



4.1. FORMATION OF THE 1,2 ANO 3,4 (OR 1,5 ANO 2,3) BONOS 115 

1,2,5-Trisubstituted 4-mercaptoimidazo1es can be made by the exothermic 
reaction of N-unsubstituted a-oxothionamides (9) with aldimines (Scheme 
4.1.6). Yields vary between 9 and 81%, but many lie in the 50-60% region 
[46, 47]. Alkylation of the sulfur atom of ethyl 2-thioxamate (9) (R5 = OEt) 
followed by treatment with aminoacetone gives ethy1 4-methylimidazo1e-2-
carboxylate (10) in a reaction which provides a useful, general synthetic 
approach to imidazole-2-carboxy1ates (Scheme 4.1.6) [32]. 

O S 
l. 11 

R5 C-C-NH2 + RlN=CHR2 

(9) 

"'EllO'lJF4-

(R5:oE!)~ 

SEt 
1 + 

Et02C-C=NH2 
H2NCH2COMe 

NaOAc 

Scheme 4.1.6 

(R'~Me,aryl; \ 
· R2, R5=alkyL aryy 

;:~ 
Me ~ C02Et 

(lO) 

a-Oximinoketones will react with a1dimines, aldehydes and anunonia or 
amines, or aldoximes, to form imidazole N-oxides or 1 -hydroxyimidazole 3-
oxides [48 52]. A number of these cyclizations ha ve been discusscd elsewhere 
(see Sections 2.1 and 3.2, and Chapter 5), where they are classified as 1,2, 1,2 
and 1,5, and 1,2, 3,4 and 1,5 bond formations. 

1-Hydroxy-2,4,5-trimethylimidazole 3 -oxide L 49] 

A mixture of acetaldoxime (20.0 g, 0.34 mol) and butanedione monoxime 
(34.2 g, 0.34 mol) is warmcd to give a homogeneous solution, then allowed to 
stand at room temperature (2 days), reftuxed (1 h), cooled, and diluted with 
diethyl ether (500ml). The product precipitares as a tan solid (30.4g, 63%), 
m.p. 194"C (dec.). Simi1arly prepared in 65% yield is 2-ethyl-1-hydroxy-4,5-
dimethylimidazole 3-oxide. 

1-Benzyl-4,5-dimethylimidazole 3-oxide L 48] 

N-Methylenebenzylamine (11.9 g, 0.09mol) ís added dropwise to a so1ution 
of biacetyl monoxime ( 1 0.1 g, 0.12 mol) in glacial acetic acid, and the solu­
tion is allowed to stand (12 h). After saturation with dry HCI and pouring 
into diethyl ether the semi-solid which separates is wa<;hed with ether, taken 
up in methanol, and reprecipitated as a fine, white solid (12.7 g, 53%) by 
addition of ether. The hydrochloride is made basic wíth ammonia (d. 0.88) 
and extracted with chloroform. The organic extracts are dried (MgS04 ), the 
solvent is removed, and the solid product recrystallized from acetone, to 
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give the oxide (10.2g, 51%), m.p. 196-198°C. Similarly prepared are 1-
benzyl-5-methylimidazole 3-oxide (35%) and 1-benzyl-5-hydroxymethyl-4· 
methylimidazole 3-oxide (35%). 

Such hydroxyimidazoles or oxides are capable of complete reduction to 
the unoxygenated irnidazoles, while the 1-hydroxyimidazole 3-oxides can 
also be partically rcduccd with, for example, NaBf4 [53], or completely 
deoxygenated with Raney nickel [52, 54]. Although most cyclizations of a­
ketooximes lead to N-oxygenated irnidazoles, there are exceptions. When 
an a-oxirnino-,8-dicarbonyl compound is refluxed with benzylarnine in a 
suitable solvent (c.g. DMSO, acetonitrile, toluene), 4-acylimidazoles (11) 
are formed in moderate to good yields. The reaction is readily adapted 
to the synthcsis of irnidazole-4-carboxylates and -amides (Scheme 4.1.7) 
[55]. Similarly, substitution of allylamine for benzylamine in the process 
gives a useful, one-pot synthesis of 2-vinylimidazoles in 40-65% yields 
[56]. Previous routes to such compounds have included dehydration of 2-
(,8-hydroxyethyl)irnidazoles [55] (or dehydrobromination of the analogous 
bromoethyl compounds), pyrolysis of 2-(5-norbomen-2-yl) imidazoles [57] 
or thermal rearrangement of 1-vinylimidazoles [58]. 

O NOH 
11 11 

Me-C-C-COR 

RCO 
"\ N ){_ >--- (30-80%) 

Me N Ar 

H (R=Me. OMe. OEl. NHR l) 
(11) 

Scheme 4.1.7 

General method for synthesis of 4-acylimidazoles (11) [59) 

A 0.5 M solution of the dicarbonylmonoxime (5 mmol) in DMSO or acetonitrile 
(1 O ml) is refluxed with the appropriatc benzylamine (5.5 mmol) for 2-4 h. 
Products separate on cooling or concentration, and can be recrystallized from 
solvents such as toluene, acetonitrile or ethanol, e.g. (9) (R, Ar, reaction time 
yield Iisted): Me, Ph, 2 h, 68%; Me, p-MeC6f4, 2 h, 60%; Me, p-CIC6H4, 
2.5 h, 66%; Me, p-N02C6l4, 2 h, 72%; O Me, Ph, 3 h, 32%; OEt, Ph, 3 h, 
31 %; NHCHzPh, p-N02C6H4, 4 h, 52%. 

4-Acetyl-5-methyl-2-vinylimidazole [56] 

Allylarnine (0.415 mi, 5.05 mmol) is added to a solution uf 3-hydroximino-
2,4-pentanedione (0.645 g, 5 mmol) in anhydrous acetonitrile (5 ml). The violet 
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solution is first stored at room temperature (12 h) and then refiuxed (2 h). After 
concentration, the product is purified by flash chromatography (Merck silica 
gel 60, 230-400 mesh ASTM) using ethyl acetatc as eluent. The product 
is recrystallized from diethyl ether-light petroleum (b. 40-7o•q as white 
crystals (0.75g, 65%), m.p. 142-144·c. 

Less common as a synthetic method is the rearrangement under mild condi­
tions of sorne hydrazinium salts. In contrast to the severe conditions necessary 
(200·c, salid KOH) to rearrange l,l,l-trialkylhydraziruum salts [60], 1,1-
dimethyl- 1 -phenacylhydrazinium bromide is transformed merely by reftuxing 
in pentanol or pyridine into 2-benzoyl-4-phenylimidazole (65-73%). This is 
a Stevens-type rearrangement [61, 62]. 
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4.2 FORMATION OF 1,2 AND 4,5 (OR 2,3 AND 4,5) BONDS 
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Among the most useful routes to imidazoles (especially those with 1,5 
regiochcmistry) are those which make use of the reagent TOSMIC (toluene­
p-sulfonylmethyl isocyanide (1), available from Aldrich) (Scheme 4.2.1; see 
also Section 3.2 and Chapter 6) 11 ]. TOSMIC provides the NCN fragment in 
a number of cycloadditions, which give imidazoles, although it is not readily 
applicablc to the synthesis of imidazoles with C-2 substituents. A variety of 
CN species (aldimines, imidoyl chlorides, nitriles, isothiocyanates and imino 
ethers) can take part in these reactions. Furthermore, a two-step synthesis of 
imidazoles from TOSMIC with an aldehyde proceeds via a 4-tosyloxazoline, 
which then reacts with ammonia or a primary arninc. Thc process could be 
dassificd under a number of headings, e.g. from other hetcrocycles, or ulti­
mately 1,2 and 1,5 bond formation. The aldehyde, however, bccomes the 
C-4 of imidazole when it combines with TOSMIC to form the 4,5 bond. 
Hence thcre are similarities with 1,2 and 4,5 bond formation methods, and 
the process wilJ be described in this section. Modification of TOSMIC by 
al.kylation increases the variety of substituted imidazoles which can be made 
by these methods. 

From Scheme 4.2.1 it can be seen that there is considerable potential for 
making 4-tosylimidazo!es, 4(5)-mercaptoimidazoles, and imidazoles with 1,5 
(and 1,4,5) regiochemistry. Such rcgiochemistry is usually difficult to achieve 
by N-alkylation or N-arylation of a preformed imidazole ring. 

The original mild synthesis rcported by van Leusen involved cycloadditíon 
of an aldimine to a tosylmethylisocyanide in basic mcdium. The products were 
either 1 ,5-disubstituted imidazo1es or (from a C -substituted TOSMIC) 1,4,5-
trisubstituted imidazoles [2 ]. A variety of bases can be used to deprotonate the 
TOSMIC. Diarylaldimines with electron-donating substituents are converted 
into imidazoles (2) in poor to moderate yields when treated with sodium 
hydride in dimethoxyethane for 1-3 h at -20oC followed by rcftuxing in 
methanol for half an hour with potassium carbonate. The intermediares formed 
in these reactions are unstable 4-tosyJ-2-imidazolines, which can be isolated. 
If the diarylaldimines have electron-withdrawing substituents it is necessary to 
treat the reagents in methanol at room temperature with potassium carbonate 
for about 16h to achieve good yields. The use oft-butylarninc in methanol or 
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dimethoxyethane at room temperature leads to high yields with dialkylimincs, 
but C -alkyl- and N -arylimines do not react. 

5-(p-Nitrophenyl)-1-phenylimidazole [2 J 

A solution of TOSMIC (0.975 g, 5.0 mmol) and N- p-nitrobenzylideneaniline 
(0.678 g, 3.0 mmol) in DME (lO ml) and mcthanol (20 ml) is stirred ( 16 h) with 
potassium carbonate (0.828 g, 6.0 mmol) at room temperature. After removal 
of thc solvent at reduccd pressure, the residue is digcstcd with aqueous 
sodium chloride (25 ml), to give a yellow prccipitate which is dissolved 
in dichloromethane (25 mi). Thc solvent is rotary evaporated, and the salid 
residue washcd with diethyl ether to give the above product (0.650 g, 82%), 
m.p. 162 I65'C. 

1-t-Buty/-5-methylimidazo/e [2] 

A mixture of TOSMIC (0.98 g, 5.0 mmol), N -cthylidene-t-butylarnine (0.60 g, 
6.0 mmol) and t-butylamine (0.44 g, 6.0 mmol) in methanol ( 1 O ml) is stirred at 
room temperature (20 h). After remo val of the sol vent, the residuc is distilled 
to give a colourless Iiquid product (0.65 g, 94%), boo5 105°C, m.p. 42-44'C 
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(hygroscopic). Similarly prepared are other 1 ,5-disubstituted imidazoles (2) 
(R1, R5 , yield Iisted): p-NOzC6H4, Ph, 70%; p-N02Cn~. p-N02C6~, 87%; 
p-ClC6H1. p-ClC6H4, 43%: Ph, Ph, 56%; Ph, p-MeC6~. 19%; Et, Me, 70%; 
Yle, iPr, 96%; iPr, Me, 94%; iPr, iPr, 75%; Me, Ph, 10%; Me, p-MeC6~, 
37%; Me, p-N02C6 H4. 14% [2]. 

lf a C -substituted derivative of TOSMIC is u sed in the reaction, the product 
is a 1 ,4,5-trisubstituted imidazole. Such substituted isocyanides can be made 
either by dehydration of the N-(a-tosylalkyl)fonnamide, or by alkylation of 
an appropriate isocyanide followed by reaetion with tosyl fluoride. It is also 
possible to alkylate TOSMIC directly using phase transfer conditions [3]. 
Such alkylations work best with primary alkyl halides (75-95%), with the 
isopropyl (40%), allyl (75%) and benzyl (80%) derivatives proving quite 
accessible. 

rx-Tosy/benzyl isocyanide [2] 

n-Butyllithium (20% in hexane solution, 100 ml, 0.22 mol) is added dropwise 
to benzyl isocyanide (1 1.7 g, 0.10 mol) over 0.5 hin THF (180 ml) at -65'C. 
After stirring (5 min), a solution of tosyl fluoride (17 .4 g, 0.10 mol) in THF 
(60 mi) is added dropwise, maintaining the temperature at -60'C (about 0.5 h). 
After stirring (5 min) without cooling, the mixture is poured into water ( 1.21), 
and the water Iayer is neutralized with aqueous HCL After extraction with 
benzene (2 x 200 ml), the combined extracts are dried (MgS04), and concen­
trated, to give a pale yellow salid which is washed with carbon tetrachloride, 
to give the product (22.2 g, 82%), m. p. 128-130'C (dec.). 

1-t-Butyl-5-methyl-4-phenylimidazule [2] 

Tu a stirred solution of a-tosylbenzyl isocyanide (0.542g, 2.0rnrnol) and N­
ethylidene-t-butylamine (0.300g, 3.0mmol) in DME (lOml) is added (during 
lOmin) a solution of t-butylamine (0.212g, 3.ümmol) in DME (Sml). After 
0.5 h the mixture is filtered, the solvent removed, and the residue distilled to 
give a palc yellow oil (0.380 g, 89%), bo.o2 I40'C. The pure compound has an 
m.p. of 74-75'C. Similarly prepared are a number of other 1 ,4,5-trisubstituted 
imidazoles (1-, 4- and 5-substituents, yield quoted): iPr, Ph, Me, 89%; Me, 
Ph, Ph, 90%; p-~·.f02C6H4, Ph, Ph, 82%; p-N02C6H4, Me, Ph, 75%. 

lmidoyl chlorides are readily available reagents [ 4] which can be 
converted by the sodium derivative of TOSMIC into 4-tosylimidazoles (3) 
(Se heme 4.2.1) [2, 5 ]. This cydoaddition is achieved by loss of HCI rather 
than p-toluenesulfonic acid. Under aprotic conditions the primary adducts 
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are imidazolines, but these aromatize readily. Good yields are obtained with 
C-aryl imidoyl chlorides but the C-alkyl derivatives do not react. 

1,5-Diphenyl-4-tosylimidazole (3) (R 1 = R5 = Ph) [2] 

A solution of TOSMIC (0.390 g, 2.0mmol) and N-phenylbenzimidoyl chlor­
ide (0.426 g, 2.0mmol) in DME (distilled from LiAll4, 5 rnl) is added over 
15 min to a suspension of sodium hydride (0.05 g, 2.0 mmol) in dry DME 
(S rnl) at room temperature under N2. The reaction mixture is stirred ( 45 min), 
then poured slowly into water. The precipitate is collected and recrystallized 
from benzene-petroleum ether (b. 40-60°C, 1:1) as a white solid (0.45 g, 
60% ), m.p. 186-1 87°C. Similarly prepared are other 4-tosylimidazoles (1- and 
5-substituents, yields given): Ph, p-N02C6H4, 85%; p-N02C6H4 , ·Ph, 81 %; 
cyclohexyl, Ph, 80%; cyclohexyl, p-NOzC6~, 75%. 

Heterocyclic imino ethers are readily made in 40-80% yields by heating 
a hcterocyclic amine with triethyl orthoformate in the presence of p­
toluenesulfonic acid. When these ethers are treated with the monoanion of 
TOSMIC they are converted into 1-heteroaryl substituted 4-tosylimidazolcs 
(4) in high yields (75-90%) (Scheme 4.2.1) [6]. 

1-( 4' -Pyridinyl)-4-tosylimidazole [6] 

A mixture of TOSMIC (19.5 g, 0.1 mol) and 4-(ethoxymethylene)aminopyri­
dine (15.0 g, 0.1 mol) in dry DME (IOOrnl) is added dropwise under N2 toa 
stirred slurry of sodium hydride (2.4 g, 0.1 mol) in dry DME (40 mi) during 
20 rnin at room temperature. The reaction mixture is stirred (2 h), then poured 
into water (11) to precipitate the product (26.9 g, 90% ), m.p. 198-199°C. 

When TOSMIC reacts with isothiocyanates in the presence of base, the 
cycloaddition can give rise either to a thiazole or an imidazole, depending 
on the reaction conditions. Sorne reaction methods give rise to mixtures of 
the two heterocycles, but separation is simple since the thiazoles (5) can be 
directly extracted from alkalinc aqueous solution, whilst the imidazoles (6) 
need to be acidified first. Furthermore, it is known that reactions of alkyl 
isothiocyanates with the monoanion of TOSMIC are more Iikely to lead to 
the 5-arnino-2-tosylthiazoles, whereas dilithiated TOSMIC leads mainly to the 
4-tosylimidazole-5-thiol products. With aryl isothiocyanates the reactions are 
less clear cut and seem to offer poorer synthetic potential. Nevertheless, the 
discovery that thiazoles (5) rearrange irreversibly to imidazoles when treated 
with more than one equivalen! of butyllithium can be taken advantage of. 
Presumably an electrocyclic ring opening and ring closure are responsible, 
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and the thiazoles result from kinetically controlled reactions, while imida­
zole formation is under thermodynamic controL The irnidazole products are 
best prepared then by the use of two equivalents of butyllíthium in THF at 
-65·c f71. 

1-Methyl-4-tosylimidazole-5-thiol [7] 

Toa stirred solution of TOSMIC (1.95g, lOmmol) in dry THF (40ml) kept 
at -70 to -60"C ís added n-butyllithium (l3ml, 1.6N in hexane, 21 mmol). 
After stírring (10 min) at -70"C, a solution of methyl ísothiocyanate (0.8 g, 
11 mmol) in THF (2 mi) is added rapidly, the cooling medium is removed, and 
the mixture is allowed to warm up to -w·c (in ~lürnin). Water (50ml) is 
then added, and the aqueous alkaline solution ís washed with dichloromethane 
(2 x 50ml) befare the addition of 2M HCI to adjust the pH to 6.5, followed 
by further extraction with dichloromethane (3 x 50 ml). The combined organíc 
cxtracts are dried (NazS04 ) and concentrated, and the residue is stirred with 
methanol-diethyl ether (1:2, 6ml) to give the product (1.40g, 54%). Recrys­
tallization from methano1 gives the pure imidazole product (6) (R:::::: Me), 
m. p. 159-161 ·c. Sirnilar1y prepared are (6) (R, yield given): Et, 20%; cyclo­
hexyl, 40%. 

The dianion of TOSMIC will react readily by a f4rr + 2n] cyclo­
addition with nitriles to give N-unsubstituted 4-substituted imidazoles (7) 
(Scheme 4.2.1). These reactions also occur with other C-N multiple bonds 
with much more facility than with the monoanion, while other isocyanides 
susceptible to a-metallation can also take part [8, 9]. As mentioned above, the 
dilithiated derivative of TOSMIC is much more reactive than the monolithio 
derivatíve. It ís also consíderably more stable, e.g. the half-life of the 
monoanion at 20"C under nitrogen in THF-hexane is about 3 h; under the 
same conditions the dianion is still 80% recoverable after 24 h. It is possible, 
therefore, to prepare 4-phenyl-5-tosylirnidazole quite rapidly in 33% yield 
from the dianion and benzonitrile. The same product is formed only reluctantly 
from the monoanion. The dianion will also reaet even with azaaromatics (e.g. 
isoquinoline) with weakly eleetrophilie C=N bonds [9]. 

Such reactions can be extended to other isoeyanides which are prone to a­
metallation (Scheme 4.2.2). Thus, p-tolylthiomethyl isocyanide, which forms 
a more nucleophilic anion than TOSMIC, reaets wíth a variety of nitriles to 
give ímidazole products [8]. Nitriles are added at -75·c to the monoaníons 
formed from a variety of thiomethyl isoeyanides (butyllíthium in THF-hexane 
at -75.C). The process is completed by allowing the reaction mixtures to 
come to o·c, followed by treatment with water (method A). Altematively, 
a THF solution of equirnolar proportions of the isocyaníde and the nitrile 
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RSCH2N=C 

(R=p-tolyl) 

RIDJ -­base 

Scheme 4.2.2 

R' 

)--) 
RS f'i 

(9) 

is simply addcd at room temperature to a stirred suspension of potassium t­
butoxide in THF. Addition of water after 15 min leads to high yields of the 
4,5-disubstituted imidazoles (method B). The former method is of particular 
advantagc with sterically hindered nitriles. The alkylthio or arylthio groups 
can be removed later using Raney nickel if required [8]. Table 4.2.1 lists 
sorne representative examples. 

TOSMIC can be converted into an N-tosylmethylimidic ester or thioester 
(10) which will react with an aldimine to forro a 1 ,2,5-trisubstituted imidazole 
(Scheme 4.2.3). These esters (10) can be made from N-tosylmethylacetamidc 
(from the Mannich condensation of p-toluenesulfonic acid, formaldehyde 
and acetamide [10]), which is smoothly converted by P4 Sw in DME into 
the thioamide which forms the S-methylated imidate when treated with 
methyl fluorosulfonate in dichloromethane. Yie!ds of the N-tosylmethylimidic 
thiocsters are good (65-93%); thcy are fairly stablc crystalline solids which 
are best stored under nitrogen at -20°C. In reaction with an aldimine in 
the presence of sodium hydride or potassium t-butoxide (in DME·- DMSO or 

TABLE 4.2.1 
Imidazoles (9) prepared from [3 + 2] cycladdition of 

p-tolylmethyl isocyanides and nitriles [8] 

R' Yield (%) 

Mcthou A Method 8 

Ph 90 97 
p-Me0-C6~ 94 94 
p-Me-C6H.¡ 86 93 
p-NOz-C6H.¡ o 
2-Pyriuyi 73 93 
Me 86 85 
Et 64 84 
iPr 85 
tBu 82 49 
MeOCHz 91 
MeSCH2 68 75 
PhCHz o 
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(10) 

(X=OMe, SMe) 

ArCH=NArl 
~aH ortBuOK 

Scheme 4.2.3 
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t-butanoi-DME) the trisubstituted imidazoles are formed in poor to moderatc 
yields, e.g. 1 ,2,5-triphenylirnidazole (23%) and 1 ,5-di(p-chlorophenyl)-2-
methylthioimidazole (64%) [11]. 

A two-step synthesis of 1 ,4-disubstituted imidazoles (8) from TOSMIC (1) 
plus an aldehyde, followed by reaction with ammonia or a primary amine, 
proceeds via a 4-tosyloxazoline (11). The rcaction sequence could be classi­
fied as 1,2 and 1,5 bond formation, 1 ,5 bond formation, or transforrnation of 
another heterocycle. There are, however, analogies to the aldimine reactions, 
and so the process is detailed at this stage. Certainly the synthesis is carried out 
in two steps often with isolation of the oxazoline (see also Chaptcr 6). Hcating 
(Il) with a saturated solution of methanolic ammonia givcs a 4-substituted 
imidazole; with methanolic methylamine a 1 ,4-disubstituted product is isolatcd 
as a single regioisomer (Scheme 4.2.4). Some of the oxazolines cannot be 
isolated as they are unstable oils which have to be heated irnmediately with the 
arnino compound [12]. Related is the synthesis of 2-carbamoyl-4-(2'-deoxy­
,8-o-ribofuranosy l)imidazole r 13]. 

R
1

·;c··· o> (t) Rirno ;¡ 

Tos ~ 

(11) 

RNH, Rl't) 

McOH N 

R 

(8) 

Scheme 4.2.4 

General preparation of a 4-tosyloxazoline (11) [ 12) 

To a stirred suspension of TOSMIC (5.0 mmol) and the aldehyde (5.1 mmol) 
in dry ethanol (15 mi) is added finely powdered sodium cyanide (0.5 mmol). 
Within minutes a slightly exotherrnic reaction gives a clear solution from 
which the oxazoline separatcs ( ~ 15 rnin). Stirring is continued for an addi­
tional 10 min, or until TLC (dichloromethane diethyl ether, 95:5) shows that 
aH of the IDSMIC has disappeared. The mixture is filtered, the crystals are 
washed with ether-hexanc (1:1, 15 ml) and dried. A second crop is obtained 
by concentration of thc mothcr liquors and trituration with ether-hexane (1 :5). 
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If diastereoisomeric mixtures form, crystallization may be prevented. In such 
cases the solution is concentrated in vacuo to give an oil of sufficient purity 
to allow subsequent reaction. Yields Iic in the range 84-93%. 

Conversion of a 4-tosyloxazoline into a 1,4-disubstituted imidazole (8) 

(i) Conversion into (8) (R = H) In a resealable pressure tubc a solution 
of (11) (1 mmol) in a saturated solution of ammonia in dry methanol (8 ml) 
is heated at 90-liO•c (15-20h). TLC (dichloromethane-methanol, 9:1) can 
be used to monitor the reaction. Concentration followed by flash chromatog­
raphy (using the above solvent mixture) of the residue gives the 4-substituted 
imidazole (8). (See Table 4.2.2.) 

(ii) Conversion into (8) (R = alkyljaryl) In a resealable pressure tube a 
solution of (11) (1 mmol) and the amine ( 4 mmol) in benzene (5 ml, for methyl­
amine) or xylene (5 ml, for n-butyl- or benzylamine) is hcated at 11 O 120"C 
(for benzene) or 135-14o·c (for xylene) for 15-20h. The mixture is worked 
up as above to give (8) (R = alkyl) as the sale regioisomer. The N-alkylamide 
by-product is readily removed by chromatography. (See Table 4.2.2.) 

The process can also be adapted to the synthesis of 4-ethyl-5-substituted 
imidazoles if a-(p-tosyl)propyl isocyanide is used with an aldchyde in the 
presencc of potassium t-butoxide. 

Analogous to the TOSMIC reactions is the cyclocondensation of an 
isothiourea with the enolate of ethyl isocyanoacetate (12) to give an alkyl 
5-aminoimidazole-4-carboxylate (13). This regioselective synthesis provides 

R 

H 
H 
H 
H 
H 
H 
Me 
Me 
Me 
Bu 

TABLE 4.2.2 
Imidazoles (8) made from TOSMIC with aldehydes and amino 

compounds [12] 

Ri Yield (%) 

Et 80 
tBu 78 
CH2CH2Ph 73 
CH20CH2Ph 72 
Ph 61 
p-MeO-C6H-1 75 
tBu 63 
Ph 48 
p-Me0-C6H.¡ 47 
Et 57 

PhCH2 CH2CH2Ph 55 
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an alternative to the multistcp cyclization of a-formamidoamidines [14] 
(see Section 2.1.1) or the condensation of a primary amine with an a­
(ethoxymethyleneamino) cyanoacetate [15] (see Section 3.2). The method 
shown in Scheme 4.2.5 is a short route which uses mi1d conditions and gives 
reasonable control of rcgiochemistry when unsyrnmetrical isothioureas are 
used, e.g. (R 1, R2, yield, (13a):(l3b) ratio given): Ph, Ph, 75%,- ; PhCH2 , 

Ph, 66%, 10:1; H, PhCHz, 30%,:::;: 1:20; PhCH2 , PhCO, 70%, 1:4 [16]. 

S Me 
1 

RINH -C=NR2 + Et02C-CH-N~C 

(12) 

IIMPT - ..... 
Q¡Q 

Scheme 4.2.5 

(13a) 

Ethyl 1-phenyl-5 -phenylaminoimidazole-4-carboxylate f 16] 

+ 

(13b) 

A solution of (12) prepared in hexamethy1phosphoric triamide (HPMT, 0.5 ml) 
from ethy1 isocyanoacetate (1.7 rnmol) and potassium hydride (1.7 mmol), is 
added toa mixture of S-methyl-N,N'-diphenylisothiourea (0.19g, 0.8mmol) 
and coppcr(l) chloride (0.03 g, 0.3 mmol) in HMPT (0.2 m1) at O"C. After stir­
ring at 25"C ( 4 h), the reaction is quenched with aqueous ammonium chloride, 
and extracted three times with ethyl acetate. The combined organic extracts 
are dried (MgS04) and evaporated. Column chromatography on silica gel 
(dicthyl ether-ethyl acetate, 1:3) gives (13a) (R1, R2 = Ph) (0.19g, 75%), 
m.p. 157-159"C. 

Treatment of an imidoyl chloride with triethylamine forms a nitrile ylide, 
which undergoes cycloaddition with a variety of reagents in rather low 
yields [17]. The l,3-dipo1ar cycloadditions of mesoionic oxazolones with 
electron-deficient nitriles also fall under this general classification Ll8]. 
Such oxazolones are known as "munchnones", and are masked 1,3 dipoles. 
Such munchnones can be prepared in situ (they are highly reactive) from 
the corresponding N-acyl-a-amino acids and N ,N-dicyclohexylcarbodiimidc, 
befare treating them with an appropriate iminc (14) (or nitrile). Thesc reactions 
are carried out under nitrogen in toluene or DMF solutions for about 12 h at 
temperatures which range between 25 and 60,C depending on the reactivity 
of the imine (Scheme 4.2.6). The imidazole product (15) is obtained by 
column chromatography after removal of the dicyclohexylurea by filtration 
and evaporation of the solvent. The method provides a versatile entry to 1 ,4,5-
tri- and 1,2,4,5-tetrasubstituted imidazoles in moderate yields. The control 
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of regiochemístry is a function of the fact that a bond is always formed 
between C-2 of the dipo1e and the irnine nitrogen atom [19, 20]. Because 
the phenylsulfonyl group is a good Jeaving group, it promotes the tendency to 
form an aromatic product. 

R4CH=N-S02Ph 
(14) 

toluenc, DMF, Nz 

12 h, 25-60"C 

Scheme 4.2.6 

R• 
\-N 

)¿_ ~ (30-64%) 
R5 :-.¡ Rl 

1 

Me 

(15) 

1-Methyl-2,5-diphenyl-4-styrylimidazole (15) (R2, R5 = Ph; 
Jtl = PhCH = CH) [20] 

A suspension of N-benzoyl-N-methylphenylglycine (1.0 g, 3.7 mmol) in DMF 
(15rnl) is treated with DCCT (0.84g, 4.1 mmol) in DMF (lO mi} and then with 
(14) (R4 =PhCH=CH) (l.Og, 3.7mmol) in DMF (lOrnl). The mixture is 
stirred under N2 at room temperature (3 h). The dicyclohexylurea is filtered 
off and washed with solvent, and the filtrates are rotary evaporated, the 
residue is taken up in dichloromethane (30 ml), washed in tum with water 
(150rnl), aqueous NaHC03 (2 x 15rnl), and water (100m!) befare drying 
(Na2S04). Evaporation to dryness givcs the product, which is purified by 
flash chromatography on silica gel (toluene-ethyl acetate, 19:1) (0.62g, 50%). 
Suitable rccrystallization solvents for such compounds are dipropyl ether and 
isopropanol. 

Similarly prepared are (15) (R2, R\ R5, yield given) [19, 20]: Ph, Ph, Ph, 
64%; Ph, Ph, Me, 29%; Ph, Me, Ph, 40%; H, Ph, Ph, 20%; Ph, p-N0zC6H4, 
Ph, 115%; Ph, p-N02C6H4, Me, 50~; Me, p-N02C6H4 , Ph, 30%; Ph, p­
MeOC6H4, Ph, 45%; Ph, p-MeOC5H4. Me, 55%; Me, p-MeOC6~. Ph, 42%; 
Ph, p-NQzC6~CH=CH, Ph, 30%; Ph, p-MeOC6H4 CH=CH, 35%. 

The 4-styryl products are of value in that they offer an altemative route to 
imidazole-4-carbaldchydes when they are oxidized by osmium tetroxide and 
sodium periodate in about 70% yield [20]. 

The most recent synthctically useful modification of TOSMIC reactions 
involves the cycloaddition of N-trimethylsilylimines with lithiotosylmethyl 
isocyanides. This allows the preparation of 4-mono- and 4,5-disubstituted 
irnidazoles from readily accessible aldehydes and organolithium compounds 
in a one-pot rcaction. Although yields are only moderate, there are 
advantages which accrue from the easy availability of the starting 



4.2. FORMATION OF 1.2 AND 4.5 (OR 2,3 AND 4,5) BONDS 129 

materials [21]. The process has been recommcnded as a mild altemative 
to the rather harsh reaction conditions of Bredereck's "formamide 
synthesis" (see Chaptcr 5). Two altemative synthetic procedures generate thc 
trimethylsilylimines {16): method A - an alkyl- or aryllithium is treated with 
N,N-bis(trimethylsilyl)formamide; method B- an aldehyde is treated with 
lithium bis(trimethylsilyl)amide. It is not necessary to isolate the silylamine 
(16); it can be trappcd by the anion of the TOSMIC derivative to give (17) 
(Scheme 4.2.7) [21]. 

HCON(Si.'-lc 1h 
-78'C, 0.5 h 

UN(SiMe3), _.. 

-60'C,O.Sh 

[R•/".:·~siMe1] 
(16) 

Scheme 4.2.7 

5-Benzyl-4-butylimidazole (method A) [21] 

TosCR5li"'C 

To a cold ( -78oC) solution of N,N-bis(trimethylsilyl)formamide (1 .63 ml, 
7.5 mmol) in anhydrous THF ( 10 mi) is slowly added a solution of n­
butyllithium in hexane ( 4. 7 mi, 1.5 N, 7.5 mmol), and the mixture is stirrcd 
at -78'C (30 rnin) befare adding vi a cannula a solution of thc anion of 
tosylbenzylmethylisocyanide. This is prepared by addition of a solution of 
lithium bis(trimethylsilyl)amide (7.15ml, l.ON, 7.16mmol) toa cold (-55'C) 
solution of tosylbenzylmethylisocyanide (2.035 g, 7.16 mmol) in dry THF 
(5 mi) followed by stirring (30 min) at -50 to -60'C. The resultan! solution 
is stirred (30 min) at -78'C, allowed to warm to OcC (2 h), thcn stirrcd at 
room temperature ( 16 h). Concentration of the reaction mixture, dilution of 
the residuc with water (30 ml), adjustment of the pH to 1 0-ll with 1M HCI, 
saturation with sodium chloride, extraction of the aqueous solution with ethyl 
acetate-methylene chloridc (4:1), drying ofthe extracts (Na2S04 and K1COJ), 
concentration, and purification by flash chromatography on silica gel gives the 
product (17) (R4 = CH2Ph, R5 = nBu) (1.01 g, 66%). 

General procedure (method B) [21] 

To a solution of the aldehydc (1.5 mmol) in anhydrous THF (2 mi) at -60'C 
is added dropwise a solution of lithium bis(trimethylsilyl)amide. The resulting 
solution is warrned to -30'C (20 min), and then a solution of the anion of 
tosylmethylisocyanide ( 1.4 mmol) is added. Aftcr stirring (30 min) at - 78T, 
the solution is allowed to warm up to O'C (2 h), then stirred at room temper­
ature (1 6 h). The reaction mixture is thcn worked up as abo ve (method A). 



130 4. RING SYNTHESES "NVOLVING FORMATION OF TWO BONOS 

TABLE 4.2.3 
lmidazo les (17) [21] 

Starting material R4 Rs Methou Yield (%) 

Meli Me H A 55 
.MeCHO Me H B 25 
Bulí Bu H A 51 
PhLi Ph H A 23 
PhCHO Ph H B 24 
BuLi Bu .\1e A 51 
BuLi Bu PhCH2 A 66 

Table 4.2.3 lists sorne representative examples of 4,5-disubstituted imida­
zoles prepared using those methods. 

An addition to the eatlier cycloadditions ís the self condensation of 
an N-methyl-C-aryl nitrone (18) in the presence of potassíum cyanide 
(Scheme 4.2.8) [22, 23]. The reactions are carried out in rnild conditions (room 
temperaturc ovemight in aqueous ethanol), but although the yields are good 
there are no obvious advantages over other methods which are available for 
making 4,5-diarylimidazoles. The nitrones (18) are, however, readily available 
from N-aryl- or N-alkylhydroxylamines and aryl aldehydes [24], and so there 
may be occasions when the approach could be useful. 

o 
t 

ArCH=N-Mc or 
--~ 

(18) 

N,a-Diphenylnitrone [24] 

CN 
1 

ArC=NMe 

Scheme 4.2.8 

base 

-lt,-HCN 

Ar 

)e) 
Ar N 

1 

Me 

A solution of N-phenylhydroxylamine (27.3 g, 0.25 mol) in ethanol (50ml) is 
prepared by swirling and brief warming to 40-60oC (on prolongcd heating 
the hydroxylarnine begíns to decompose). To the clear solution is added 
benzaldehyde (26.5 g, 0.25 mol), when an exotherrnic reaction occurs. After 
storing overnight at ambient temperature in the datk in a stoppered flask, the 
colourless needles of the nitrone are filtered, washed with cthanol (20 mi) and 
recrystallized from ethanol (35 39g, 71-79%), m.p. 113-II4°C. 

4,5-Diaryl-l-methylimidazole [23] 

A solutíon of N-(substituted benzylidene)methylarnine N-oxide (18) (0.01 mol) 
in a mixture of ethanol (50rnl) and water (20mJ) is shaken with KCN 
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(0.01 mol) until solution is complete. The mixture is allowed to stand at room 
temperature (2-4 days), when the product is filtered, washed with water, dried, 
and recrystallized from ethanol or toluene. Products (Ar, yield given): Ph, 65%; 
p-MeC6(4, 51%; p-ClC6 (4, 72%; 2-naphthyl, 37%; 4-pyridyl, 57%. 

The previous cycloaddition reaction discussed ís believed to proceed through 
an aldimine anion (19). Such delocalized anions can also be generated by 
treatment of suitable aldimines with a strong base. Subsequent cycloconden­
sation with a nitrile produces imidazoles [25-28]. The "2-azaallyl Jithium" 
compounds (19) are mude by treatment of an azomethine with lithium diiso­
propylarnide in THF-hexane ("'-'5:1) (Scheme 4.2.9) [29]. To stirrcd solutions 
of (19) one adds an equimolar amount of a nitrile in THF at -60"C. Products 
are obtained after hydrolysis with water (see also Section 2.3). If the original 
Schiff base is disubstituted on carbon, the product can only be a 3-imidazoline, 
but anions (19) eliminate Iithium hydride to give aromatic products (20) 
in 37-52% yields (Scheme 4.2.9). lt is, however, not possible to make 
delocalized anions (19) with R 1 = alkyl, and aliphatic nitriles react only very 
reluctantly. Exarnples of (20) (Ar, R2 , R5, yield listcd) include: Ph, Ph, Ph, 
52%; Ph, Ph, m-MeC6 (4, 50%; Ph, Ph, p-MeC6(4, 52%; Ph, Ph, 3-pyridyl, 
47%; Ph, Ph, nPr, 1% [25]. Closely related is the synthesis of tetrasubstituted 
imidazoles (22) by regioselective deprotonation of (21) and subsequent reac­
tion with an aryl nitrile. Even belter yiclds and reactivity are observed when 
one equivalent of potassium t-butoxide is addcd to the preformed monolithio 
anion of (21) (Scheme 4.2.9) [30]. 

R5-CH=N-CH2-R2 IDA. -60"C 

THF.C.Hw 

I.BuLi 
-~ 

2. KO-tBu 
J.A!CN 

H........_ \-, _......H 
R5...-C'r,Í'.-C'R2 

u· 
(19) 

LAICN -2.H,o 

ÚyN)J 
Ar~N (85%) 

(22) 

Scheme 4.2.9 

AI'J¡-N 
R5~;\...._R2 

H 

(20) 

A furthcr [3 + 2 )-cycloaddition process takes place when imines react 
with 2-azaallenyl radical cations (23) derived from azirines by photolysis 
(Scheme 4.2.10) [31, 32]. Yields of (24) are variable, e.g. 2,4,5-triphenyl-
1-propyl- (87%), 4-butyl-1 ,5-dipropyl- ( 40% ), 4-phenyl-1,5-dipropyl- (35% ), 
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4,5-diphenyl-1-propyl- (12%), 2,4-diphenyl-1,5-dipropyl- (25%) and 4-butyl-
5-phcnyl-1-propylimidazoles (3%) [31]. This approach suffers from the twin 
problems that both the azirines and ímines must be prepared befare the 
cyclization is attempted, and there is no guarantee that good yields will be 
obtained (see also Chapter 6). 

N 350nm 

DCN,Meel' 

Scheme 4.2.10 

Aníonic cycloaddition of methyl isocyanoacetatc to diethoxyacetonitrile 
gives methyl 5-díethoxymethylirnidazole-4-carboxylate in hígh yield. The 
reaction is quite general for ni triles which are sufficiently activated by - I 
or -M effects, thus alíphatic nitriles do not react. The reactions are also 
strongly dependen! on the base and solvent employed. Whercas n-butyllithium 
in THF at -70°C ís unsuccessful in effecting the above transformatíon, 
potassium hydride in diglyme works very well, givíng an 82% yield 
(Scheme 4.2.11) [33]. 

_RCN,KH_,.. 
dig!yne 

Scheme 4.2.11 

R =t) 
McOzC N 

H 
(25) 

Using a process similar to other 2-azaallenyl cyclizations, a number of novel 
histamine analogues have been made by applying thc ring-chain transfer 
concept to the reaction of semicyclic 2-aza-3-methylthio-3-propeniminium 
iodides with methylamines possessing an acidic CH group [34]. 

Methyl 5-diethoxymethylimidazole-4-carboxylate [33] 

To a stirred suspension of potassium hydride (0.55 g, 1.38 mmol) in freshly 
distilled diglyme (2.0 ml), diethoxyacetonitrile [35] (0. 129 g, 1 .O mmol) and 
methyl isocyanoacetate [36] (0.099 g, 1.0 mmol) in diglyme (1.5 mi) are added 
slowly with ice cooling under an argon atmosphere. The solution is heated 
at 70-80oC (5 h), then cooled, quenched with saturated aqueous ammonium 
chloride, and extracted with dichloromethane (3 x 10 mi) and ethyl acetate 
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(lO ml). The combined organic extracts are dried (Na2S04), concentratcd, and 
subjected to preparative TLC on silica gel (developed with ethyl acetate) to 
give (25) (R = CH(OEt)z) (82%, m.p. 148 -150°C) after recrystallization from 
ethanol. Sirnilarly prepared are (25) (R, yield given): CH(OMc)z, 67%; Ph, 
13%; 2-pyridyl, 85%; 3-pyridyl, 24%; 4-pyridyf, 81 %; 2-furyl, 40%. 

When 4-nitrobenzyl isocyanide reacts with an arylsulfenyl chloride it is 
converted into an N-(4-nitrobenzyl)-5-arylisothiocarbamoyl chloride. In the 
presence of triethylamine a solution containing the 1 ,3-dipolar species (26) is 
obtained. If (26) is generated in the presence of ethyl cyanoformate, cyclo­
addition gives an imidazole (Scheme 4.2.12) [37]. Reactions are performed 
at 60oC in the presence of a large excess of the dipolarophile, and yields are 
rcported in the range 38-50%. 

Et02C 

)C}>_SAr Arl :--¡ 

ArlCH-N=C-SAr 
- + 

(26) H 

Scheme 4.2.12 

Whcn cyanuric chloride reacts with DMF in t-butyl methyl ether it forros 
Gold's salt, [3-(dimethylarnino)-2-azaprop-3-enylidene]dimethylammonium 
chloride, in almos! quantitative yield. Methylate-promoted condcnsation of 
this salt with the methyl ester of sarcosine gives methyl 1-methylimidazole-
5-carl~JXYlate in up to 75% yield. The synthetic utility of this method ís 
dcpendeut on interception of the elirninated dimethylamine by addition of 
dimethyl oxalatc and the bubbling of nitrogen through the solution [38]. 
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4.3 FORMATION OF 1,5 ANO 3,4 BONOS 

e N e ):: 
N 

The most common NCN synthons used are amidines, guanidines, ureas and 
thioureas. The two-carbon units are usually suitably functionalized carbonyl 
compounds. 
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When amidines or guanidines cyclize in the presence of a-functionalized 
carbonyl reagents they form imidazoles with a variety of 1-, 2-, 4- and 
5-substituents [1, 2]. Forrnamidine will react with a-hydroxy- [8) or a­
halogenoketones [9), to give mixtures of oxazolcs and imidazoles. Usually, 
the formamidine is liberated from its hydrochlorid~ by treatment with sodium 
butoxide in butano!. When the two-carbon synthon is an a-hydroxyketone the 
aliphatic members mainly form imidazoles (35-70%), while benzoins give 
oxazoles (67 -80%) preferentially [8). The competing pathways are shown in 
Scheme 4.3.1. 

RCOCHOHRI 

+ 

OH OH 
1 1 

R-C-CHR' 
1 

HN, -?NH 
e 
H 

Scheme 4.3.1 

U nlikc forrnamidine, acetamidine and benzamidine react with both aromatic 
and aliphatic a-hydroxyketones to give imidazoles exclusively. It has been 
suggested that aryl groups favour the enolic forrn (2) of the tautomeric mixture, 
resulting in the formation of oxazoles as majar products. Aliphatic groups 
favour the keto form (1), from which imidazoles are derived. That amidines 
more complex than formamidine favour imidazole formation may be a conse­
quence of steric hindrance to reaction of the enolic hydroxy groups with 
the arnidine carbon in (2). The general reaction has been used to prepare 
such compounds as 4,5-dipropylimidazole (25% yicld from tris(formylamino)­
methane and 5-hydroxyoctan-4-one), and a variety of 2-imidazolones and 2-
aminoimidazoles [8]. The fact that oxazoles can be converted into imidazoles 
with sorne ease extends the applicability of this reaction. 

There are standard methods available for synthesis of amidines 11 O) and 
guanidines. In particular, reaction of an acylated thiourea with an amine, 
followed by removal of the acyl group(s) from the acylguanidine interme­
diate provides a mild and efficient synthesis [11). When dihydroxyacetonc 
is treatcd with formamidine acetate in Iiquid ammonia, imidazole-4-methanol 
is isolated in 65-70% yield as its hydrochloride (3) (Scheme 4.3.2). This 
convenient synthesis is much less tedious than the old approach based on the 
reaction of fructose with ammonia [16]. 
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l. 1\HJ(I), 70"C 

2.HO 

Scheme 4.3.2 

lmidazole-4-methanol hydrochloride (3) [16] 

In a 600 mi ~tainlcss steel bomb protected from moisture and cooled in a 
dry-ice-isopropanol bath, Iiquid ammonia (150 mi) is condensed before the 
addition of fonnamidine acetate (31 .2 g, 0.3 mol). Dihydroxyacetonc (27 g, 
0.3 mol) is then added, and the bomb is sealed and heated to 70'C (pressure 
reaches 420 psi (29.0 bar)) with stirring (6 h). The bomb is then coolcd and 
opencd, and the ammonia is evaporated at room temperature under a stream 
of nitro gen. The resulting red-brown oil is dissolved in isopropanol (200 mi), 
cooled to o·c in an ice bath, and then with vigorous stirring bubbled with 
dry hydrogen chloride gas until the solution is acidic (pH ::;: 2). The volumí­
nous precipitare of inorganic salts is filtered and washed with hot isopropanol 
(200 mi), and diethyl ether (50 mi) is added with swirling to the filtrate, causing 
a tarry black material to settle out. The supematant liquid is decanted, and the 
resultant cloudy solution is refrigerated at -so e (48 h) to give a hygroscopic 
Jight tan precipitate which is filtcrcd and dried in a vacuum desiccator to 
give (3) (28.2 g, 70%). This product is very hygroscopic; it may be recrys­
tallized from isopropanol-ether (63:35) to givc less hygroscopic colourless 
needles, m.p. 106.5-109°C eH NMR (DMSO-d6) 8 = 4.70 (s, 2H); 7.36 (s, 
lH, H-5), 8.87 (s, JH, H-2)). It may be more convenient to convert the inirial 
tan precipitare directly into the non-hygroscopic N -trityl derivativc [17], or 
basify it and isolate the free base form. Evaporation of the alkaline solution 
to dryness, extraction of thc syrupy residue with anhydrous ethanol, filtra­
tion, and concentration in vacuo is followed by chromatography on a short 
silica gel column eluted with methanol. Recrystallizarion of the crystalline 
product from DMK gives 4-hydroxymethylimidazole as off-white needles, 
m.p. 92'C LIS]. 

Thc general approach has been modified to provide a route to 2-
amínoimidazoles in up to 90% yields by initially reacting a benzoin at 
1 OO'C in aqueous ethanolic sodium hydroxide with diguanylhydrazine. 
Air oxidation of the products gives 2,2'-azoimidazoles, which can be 
catalytically reduced to 2-aminoimidazoles [ 12]. This process should be 
compared with that which couples an imídazole with an aryldiazonium salt 
befare hydrogenation [13, 14]. If bcnzaldehyde guanylhydrazone is treated 
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with a 4-alkyl- or 4-aryl-w-haloacetophenone, 2-amino-1-benzylideneamino-
4-arylirnidazoles are obtained. The free 1 ,2-diamino-4-arylirnidazoles can be 
isolated by treating a mixture of 0.02 mol of the 1-benzylideneaminoirnidazole 
with 20 ml of hydrazine hydrate in diethylene glycol (50 ml) heated to its 
boiling point, and stirred and refluxed until homogeneous (about 3h) [15]. 

ft is more common to use a-halogcnoketones in such cyclization 
reactions with amidines and guanidines [5, 19-21), although sometimes 
pyrimidine by-products are also formed, e.g. when benzarnidine reacts 
with 3-bromobenzo-4-pyroncs both irnidazoles and pyrirnidines are formed 
with the former predominating in non-polar solvents. Yields in this 
particular example, however, are low [5). Better examples are found in the 
condensation of substituted benzamidines with a phenacyl brornide; 2,5-diaryl-
4-methylirnidazoles are isolated in moderate to good yields [19]. Another 
instance is the synthesis of L-homohistidine in 71% overall yield from reaction 
of formamidine acetate with an a-chloroketone in Jiquid ammonia [21]. 
Formarnidine acetate is also the cyclizing agent of choice in the synthesis of a 
series of 4,4'-alkylenebisirnidazoles. It was found that these latter compounds 
are best isolated as the 1-trityl derivatives, which are easy to purify by 
flash chromatography on silica gel. The tritylation process involves treating 
the N-unsubstituted products with trityl chloride-triethylamine-DMF, and is 
reported to give, as sole regioisomers, the 1,4 products in 20-36% yields 
[20f. When a-haloacyl chlorides react with benzamidine in the presence of 
triethylamine, the products are mesoionic imidazolium 4-oxides [4]. 

4-Methyl-2,5-diphenylimidazole [ 19] 

A solution of benzamidine hydrochloride dihydrate (48 g, 0.25 mol) in water 
(100 ml) is added to a solution of a-bromopropiophenone (53 g, 0.25 mol) in 
chloroform (250 ml) to form a two-phase mixture. While stirring vigorously 
at room temperature, a solution of KOH (28 g, 0.5 mol) in water (1 00 ml) is 
added dropwise, then heated to boiling and refluxed (3-4h). The chloroform 
phase is then separated from the hot aqueous phase and cooled. The crystalJine 
material which separates is washed with benzene, then with diethyl ether to 
give the above product (which may separate as an oil, but which solidifies 
gradually on addition ofbenzene). The yield is in the range 26-32g (45-55%), 
m.p. 214-215·c. Similarly prepared are 4-methyl-2,5-bis-(m-nitrophenyl)­
(39%), 4-methyl-2,5-bis-(m-bromophenyl)- (40% ), and 4-methyl-2,5-bis-(p­
nitrophenyl)imidazolcs (64% ). 

1 ,2-Dicarbonyls are al so capable of taking part in thcsc reactions with 
amidines, but most of the references apply to guanidines or ureas acting as 
the NC~ synthons (see below). 
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A ppropriately functionalized alkenes ( enamines, a-haloalkenes, sil y lenot 
ethers, acylvinyl phosphonium salts) are frequently employed as the ce 
fragment in reaction with arnidines, guanidines and ureas. An N-chloro­
N'-alkylarnidine will react with the enarnine derived from an aldehyde to 
give in the first instance a 2-imidazoline (4). Such compounds deaminate 
readily to produce the fully aromatic imidazoles (5), especially when 
heated with pyridinium or triethylammonium chlorides or 50% sulfuric acid 
(Scheme 4.3.3). 

3' amine.HO 
or 

50% li,SO• 

,;:N 
R5 N)>...__R2 

R' 
(5) 

Scheme 4.3.3 

pyridine 

CHO, 

They may eliminate so readily that the intermediate imidazoline cannot 
be isolated, but if the enamine is disubstituted, the 5,5-disubstituted imida­
zolines which are formed are so stable that it is necessary to heat them 
with 50% aqueous sulfuric acid, or in anhydrous medium with an equimolar 
amount of either triethylammonium or pyridinium chloridcs, to effect arom­
atization. Enarnines derived from ketones or hindered aldehydes do not lead 
to imidazoles, and there are other difficulties (sorne enamines are difficult 
to prepare, only aryleneamines give good yields). Ncvertheless, the reported 
results demonstrate the potential of the method [22-24]. 

N-Chloroamidines (general procedure) [23] 

Toa sol ution of the arnidine (0.1 mol) in dry dichloromethane ( 100 ml) is added 
N -chlorosuccinimide (0.1 OS mol). The mixture is stirred at room temperature 
(2 h) and washed twice with water, the organic layer is dried (NazS04 ), and 
the solvent removed, to give high yields of the chloroamidines. 

1,2,5-Trisubstituted imidazoles (5) (general procedure) [23] 

To a solution of enamine (0.01 mol) in dry pyridine (to remove HCI; 0.88 g, 
0.011 mol) the N-chloroamidine (0.01 mol) is added. The mixture is heated 
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under reflux until no more chloroamidine can be detected (TLC), at which 
time it is cooled to room temperature and washed with saturated sodium 
bicarbonate solution. The organic !ayer is dried (NazS04), and the solvent 
is removed under reduced pressure. The residue (5) is purified by column 
chromatography on silica gel using benzene-THF (85: 15). Imidazole products 
wiii often crystallize when set aside, and can be further purified by recrys­
tallízation. Prepared by this method are (5) (R 1, R 2, R5, yield, recrystalJizing 
soJvent given): Ph, Ph, Ph, 65%, EtOH; p-NOzC6~. Ph, Ph, 60%, iPrOH; 
p-Me0C6~, Ph, Ph, 40%, EtOH; p-BrC6H4, Ph, Ph, 55%, EtOH; p-FC6~. 
Ph, Ph, 70%, bcnzene; Ph, p-BrC6H4 , Ph, 45%, benzene; Ph, Me, Ph, 25%, 
Jight petroleum; p-FC6H4, Ph, Et, 35%, diisopropyl ether; PhCH2, Ph, Ph, 
40%, diisopropyl ether. 

Arumatization of 5,5-disubstituted 2-imidazolines [24] 

Method A. The imidazoline (2 rnmol) is heated at I30"C in 50% aqueous 
H2S04 ( 10 mi) for 24 h. The cooled solution is diluted with water (50 mi), and 
the resultan! precipitate is filtcred and then crystallized from ethanol. 

Method B. The irnidazoline (2rnmol) is refluxed (15h) in 1,1,2-
trichloroethane (20 mi) with triethylarnine hydrochloride (2 rnmol).' After 
cooling to room temperature the solvent is rotary evaporated, and the crude 
residue is washed with water and extracted twice with chloroform. The organic 
extracts are dricd (Na2S04 ) and evaporated. The residue is crystallized from 
ethanol. 

Prepared in thcse ways are 5-methyl-1,2,4-triphenyl- (85% (method A); 
65% (method B)), 5-methyl-2,4-diphenyl-1-p-tolyl- (70% (method A); 90% 
(method B)), 5-methyl-2,4-diphenyl-1- p-fluorophenyl- (60% (method B)) and 
1 ,2,4,5-tetraphenylirnidazoles (90% (method A); 85% (method B)). 

Thc main deficiencies with the preceding approaches are that only arylene­
amines give good yields (and there are other routes to 5-arylimidazolcs), and 
since unsubstituted vinylarnines (R5 = H; Scheme 4.3.3) are not availablc this 
means that 4- and 5-unsubstituted imidazoles are not accessible. An altcma­
tive mute involving silyl enol ethers (6) has been reported to overcome these 
dcficiencies (Scheme 4.3.4). Silyl enol ethers can be made either by trcating 
a ketone with chlorotrimethylsilane and triethylamine in DMF solution, or 
by sequential reactions of the ketone with LDA and chlorotrimethylsilane in 
1 ,2-dimethoxyethane. This normaJly gives a mixture in which the less highly 
substituted enol ether is the majar product (enolate formation is kinetically 
controlled) [25]. When (6) is heated with an N-chloroarnidine for 12-24h 
in chloroform solution in the presence of an equimolar amount of dry pyri­
dine 1 ,2-disubstituted (S) (R5 = H) or 1,2,5-trisubstituted (5) imidazoles are 
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obtained. This means that the regiospecific synthesis of 5-alkylimidazoles (5) 
(R5 = alkyl) also becomes possible using this approach. Examples include 1,2-
diphenyl- (55%), 5-methyl-1,2-diphenyl- (65%), 5-ethyl-1,2-diphenyl- (70%) 
and 5-methyl-2-phenyl-1-(p-tolyl)imidazoles (65%) [26]. 

Pb 
1 

Me3SiOCH=CHR5 + ArNH-<:=NCI 

(6) 

o 
R5-~CH=CHtPb3 X+ HN=C-NII2 

(7) ~2 

t., CII03 

pyridine 

Scheme 4.3.4 

(5) (RI=Ar, R2=Pb) 

(55-75%) 

Pb3PCHz)----

fl .. ~ R5 N R2 
H 
(8) 

In a similar process in which acylvinyl phosphonium salts (7) act as the 
"masked dicarbonyl", arnidines react with these reagents to give imidazoles 
(8) in high yields. The nucleophilic arnino group of the arnidine here attacks al 
the carbon adjacent to the carbonyl group in what is the reverse of the normal 
Michael addition [27]. If the arnidine is present as its sulfenic acid derivative 
(R2 = S02H), heating the mixture in DMSO gives a 2-unsubstituted imidazole 
(8) (R2 = H), when SOz is eliminated (Scheme 4.3.4). The triphenylphos­
phonium derivatives (8) are also susceptible to nucleophilic displacement by 
reagents such as alkoxide, thereby providing access to a wide range of 4 
substituenl<; on the imidazole nucleus [28]. (See also below, reaction with 
S-methy lisothiourea.) 

Altemative activatcd enones (Michael acceptors) include 3,4-disubstituted 
3-buten-2-ones (9) (X = Cl, OMe, SMe) [29, 30], and ,8-formylacrylates (11) 
(Scheme 4.3.5) [311. T'he enolic analogue (9) (X= OH), which is readily 
prepared from the sodium derivative of acetoacetaldehyde, should theoretically 
be capable of cyclization with bifunctional nucleophiles such as ureas or 
arnidine salts to give formyl or acetyl 5- or 6-membered rings. Somewhat 
surprisingly it was found that the neutral vinylogous ester (9) (X = OEt), 
prepared in situ from (9) (X =OH) in quantitative yield, reacts with amidines 
to give imidazoles rather than pyrimidines. Obviously the nature of the product 
is dependent upon the substituents on the enone; a good leaving group in 
the 3-position combined with a 4-substituent which is not easily eliminated 
preferentially gives the aromatic imidazole. Yields of (10) (R2 =Me) are 
10, 62 and 28% for X= Cl, OMe and SMe, respectively, but there are also 
pyrimidines formed in 35, 2 and 21% yields [30]. A more easily accessible 
altemative to (9) is 3-chloro-4,4-dimethoxy-2-butanone, which fulfils the 
above requirements and which can be made by exploiting Friedel-Crafts 



4.3. FORMATION OF 1,5 AND 3,4 BONOS 141 

chemistry. lts conversion into (10) (R2 =Me) is only in 46% yield, however, 
because of the poor partitioning of the product between water and organic 
solvents. More lipophilic analogues can be isolated more readily [30]. 

MeCOCCI(Br)=CHX + H2NCR2~NH 

(9) 

IJ. -El OH 

Scheme 4.3.5 

/IN 
MeCO~~R2 

H 

(lO) 

Pb r~ Y":-! R2 
Et02C H 

(12) 

3-Bromo-4-ethoxy-3-buten-2-one (9) (X = OEt) [29] 

To a mixture of absolute ethanol (800 ml) and dry toluene (175 mi) is added 
2-bromoacetoacetaldehyde ( 41.2 g, 0.25 mol). This mixture is reftuxed (2.5 h) 
while solvent is gradually removed, then after cooling, the remaining solu­
tion is concentrated in vacuo lo an oil (yield quoted as virtually quantitative 
by NMR). 

4-Acetyl-2-methylimidazole (10) (R2 =M e) [29] 

The above vinylogous es ter ( 46.7 g, 0.24 mol) is combined with acetamidine 
acetate (28.6 g, 0.24 mol) and anhydrous sodium acetate (19_8 g, 0.24 mol) 
in 1,4-dioxane (11), and heated at reflux (60 h). After cooling, the solid is 
removed by filtration, and the dioxane solution is concentrated in vacuo to 
an oily so lid which is dissolved in water (200 ml), and adjusted to pH lO 
with concentrated sodium bicarbonate solution. The solution is decolorized 
with activated charcoal and concentrated under reduced pressure to give a 
salid. This is slurried in chloroform, and the solid is removed by filtration. 
The organic solution is concentrated to produce a heavy oil. Trituration with 
ethyl acetate gives (lO) (R2 =Me) (12.44 g, 42%) as a yellow so lid, m. p. 
127 -128°C. Sirnilarly prepared are 4-acetyl-2-hydroxymethyl- (12%) and 4-
acetyl-2-(4' -pyridyl)imidazoles (39% ). 

3,4-Dichloro-3-buten-2-one [30] 

Aluminium chloride (734 g, 5.5 mol) is added to a mixture of acetyl 
chloride (392 g, 5.0 mol) and 1 ,2-dichloroethene (1.92 l, 25 mol), keeping 
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the temperature around 2YC. The mixture is then refluxed (16 h), cooled 
and poured into ice, and the organic !ayer is separated. The aqueous !ayer 
is extracted with dichloromethane (3 x 500 ml), and the combined organic 
extracts are filtered (Celite), dried (Na2S04), and concentrated in vacuo 
to a black oil which is vigorously stirred with sodium carbonate (745 g, 
6.0 mol) in water (2.51) for 1.5 h. The solids are filtered off and washed 
with dichloromethane. The organic !ayer of the filtrate is separated and the 
aqueous !ayer extracted with dichloromethane (2 x 200 mi). The combined 
dichloromethane extracts are dried (MgS04), filtered, concentrated in vacuo 
to a black oil, and distilled to give an almost colourless, mildly lachrymatory 
liquid (550.3 g, 79%), b8 40-46oC. 

3-Chloro-4,4-dimethoxy-2-butanone [30 1 

A solution of sodium methoxide (305 g, 5.64mol) in mcthanol (3.781) is added 
to the above enone (523 g, 3.76 mol) in a slow stream, keeping the temperature 
at 0°C. After 30 min al OOC, acetic acid ( 107 ml, 1.88 mol) is added, methanol 
is rotary evaporated off, and the residue is dissolved in isopropy 1 ether ( 1.51). 
After washing with water ( ll) and saturated sodium hicarbonate solution 
(250 ml), the extract is dried (MgS04 ), filtered and concentrated in vacuo. 
Thc residue is distilled lo give the product as a colourless liquid (488.4 g, 
78%), b8 66-75'C. 

4-Acetyl-2-phenylimidazole (10) (R2 = Ph) [301 

A mixture of 3-chloro-4,4-dimethoxy-2-butanone (3.33 g, 20mmol), henzarni­
dine hydrochloride ( 4. 70 g, 30 mmol) and sodium acetate ( 4.1 O g, 50 mmol) 
is refluxed (42h) in dioxane (lOOrnl). After cooling, the salts are removed 
by filtration and the filtrate concentrated lo an oil under reduced pressure. 
This oil is taken up in ethyl acetate (100 ml) and extracted with 1 M HCI 
(3 x 20ml). The comhined aqueous extracts are washed with ethyl acetate, 
and carefully basified with solid sodiurn carbonate. The aqueous solution is 
extracted with chloroform (3 x 20 ml), and the combined extracts are dried 
(MgS04), filtered and concentrated, to give the crude product (3.23 g), which 
can be recrystallized from cyclohexane!toluene as fine yellow needles (2.33 g, 
60%), m.p. 155-157°C. Similarly prepared are 4-acetyl-2-methyl- (46%) and 
4-acetyl-2-hexylimidazoles (26%). 

The ¡S-formylacrylate (11) is conveniently prepared by acid hydrolysis 
of the coiTesponding ethyl a-phenyl-¡S-formylacrylate dimethylhydrazone 
methiodide, which in tum is available in quantitative yield when 
the coiTesponding N ,N -dirnethylhydrazone ester is quatemized with 
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methyl iodide. Reaction with an amidine converts (11) into an a­
imidazolylphenylacetic acid (12) (Scheme 4.3.5). With benzamidine, the 2-
phenylimidazole is fonned in 66% yield, and there are other examples 
reported f3l]. 

Amidines (and guanidines) react with a-cyanoepoxides (13) to give 
4-amino-5-carbethoxy-, 5-cyano-4-hydroxy- and 4-carbethoxy-5-phenylimida­
zoles, dcpending on the reaction medium, and on the degree of steric hindrance 
in the epoxides (Scheme 4.3.6). If R2 =Hin the epoxide, mixtures of products 
are obtained. With added triethylamine an imidazoline is isolated, but it can be 
aromatized by heating in the presence of acetic acid. Although these reactions 
are reasonably chemoselective, the exotic natures of the starting materials 
reduce the appeal of the method somewhat [32]. 

RI CK 

~ 
R' O C02Et 

(13) 

Scheme 4.3.6 

:-JC OH 

M 
RJ".:-IYN 

R• 

(R1=R4=Ph, 70%) 

(R3=Ph. R•~NIIPh. 75%) 

When a hydroxylamine reacts at room temperature with ethyl cyanofonnate 
the products are either carhethoxyamino nitrones (14) or the corresponding 
aminooximes (15). Yields are good (62-76%) (Scheme 4.3.7). Either of these 
species will react with a propiolate ester to give an imidazole-2,4-dicarboxylic 
ester (16). The process involves fonnation of an initial Michael adduct. a vinyl 
oxyamidine, which can sometimes he iso!ated. When boiled in xylene this 
undergoes a [3,3]-sigmatropic rearrangement to the irnidazole (16) [33]. The 
reaction has potential utility in view of the regiospecific way in which the 
amidine cyclizes giving l ,2,4 rather than 1 ,2,5 suhstitution; the latter alterna­
ti ve would require a [ l ,31-rearrangement. 

a-Amino-a-carbethoxy-N-methylnitrones (f?eneral method) [33] 

The appropriate hydrox.ylamine (0.15-0.20mol) in dry dichloromethane is 
treated with ethyl cyanoformate (1.2-1.5 eq.) at room temperature, monitoring 
the reaction by TLC. On completion. the solvent is evaporated in vacuo and the 
residue is washed repeatedly with petro!eum ether until the solid crystallizes, 
e.g. (14) (R =Me, R 1 = Et) is obtained in 65% yield, m.p. 93-95°C, from 
dichloromethane-petroleum ether. Similarly prepared are (14) (R, R1

, given): 
iPr, Et, 73%; Me, Me, 68%; Ph, Et, 79%. 
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0,+ ,NH2 
N=C 

R' 'Cü2RI 

(14) 

RO ,NII2 ) 'N=C 
'co2RI 

(R l:Et) F1
3
N, 

HO=o:J,Me, 
xylene 

Me02CtN 

7~ 
N C02Et 
R 

(16) 

Scheme 4.3.7 

(15) 

2-Carbethoxy-4-carbomethoxyimidazole (16) ( R = Il) [331 

Ethyl a-anúnooximinoacetate (15) (R = H, R 1 = Et) (0.08 g, 0.6 mmol) in 
xylene (6 ml) is mixed with triethylamine ( 1.2 eq.), and then treated with 
methyl propiolate (0.06 ml, 0.72 mmol). When reaction is complete (1 h), water 
is added, and the organic layer is separated and dried (Na2S04 ). Removal of 
the solvent under reduced pressure gives the crude vinyl oxyanúdine inter­
mediate as a mixture of cis and trans isomers (m.p. 50-60"C). This is heated 
in xylene (6 ml) under reflux (14 h). Rotary evaporation of the solvent gives a 
solid which is purified by preparative TLC on plates precoated with 0.5 mm 
silica gel GF254 developed with ethyl acetatc-hexane (6:4). Crystallization of 
the purified product from ethyl acetate-hexane gives (16) (R = H) (0.08 g, 
70%), m.p. I88-191"C. Similarly prepared without isolation of the inter­
mediate is 2-carbethoxy-4-carbomethoxy-1-methylimidazole. The anúnonitrone 
(14) (R =Me, R1 = Et) (0.06 g) in benzene (4 ml) is mixed with triethyl­
arnine (1.2eq.), then treated with methyl propiolate (0.04ml, 0.49mmol). 
When reaction is complete (1 h) the mixture is refluxed (15min), the solvent 
is removed, and the residue recrystallized from ethyl acetate-hexane, to give 
the 1-methyl analogue of (16) (0.075 g), m.p. 155-156"C. Similarly prepared 
is 2,4-dicarbomethoxy-1-methylirnidazole (68% ). 

Arninomalononitrile (readily made in 45-50% yield by reduction of the 
oxirnino compound with aluminium amalgam) condenses with formamidine 
acetate in ethanol to give 5-amino-4-cyanoimidazole in 35% yield [34]. 

Replacement of amidines by guanidines in a number of the foregoing proce­
dures gives the analogous 2-aminoimidazoles. Thus, guanidines react with 
a-hydroxy- [13, 35] and a-halogenoketones [3, 6, 7, 15, 36, 54], and with 
a-diketones [37-39]. When a-diketones are used, the initial products formed 
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are 4-hydroxy-4H -imidazoles, which give 1 H -imidazoles (17) on catalytic 
hydrogenation (Scheme 4.3.8). 

~ ~ HN, 
R•-c-C-R' + 'C-NRIR2 

H2N' 
MeOH,.. 

Scheme 4.3.8 

5-Methyl-2-methylamino-4-phenylimidazole (17) (R1 = lJ; R2, R5 =M e; 
R4 = Ph) [38] 

Solutions of methylguanidine (0.14 g, 2 mmol) in methanol (lO ml) and l­
phenyl-1,2-propanedione (0.29 g, 2 mmol) in methanol (lO ml) are cooled to 
-10oC and then mixed. The resulting solution is then hydrogenated in the 
presence of Pt02 (0.1 g) while cooling with ice-water. After completion of the 
hydrogenation, concentrated HCJ (0.1 ml) is added to the reaction mixture, the 
catalyst is filtered off, and the filtrate is rotary evaporated to dryness at about 
30'C. The residue is dissolved in ethanol (2 ml), and about 50 ml of diethyl 
ether is added until cloudiness is observed. After 2 weeks of refrigeration, 
crystals (0.19 g, 37%) of the hydrochloride salt are obtained as colourless 
needles, m.p. 185-186°C. 

There are many similar examples in which the 2-aminoimidazoles are 
ohtained in good yields, e.g. (17) (R1, R2, R4 , R5 , yield given): H, H, Ph, 
Ph, 84%; H, H, p-ClC6~, p-ClC6~. 41 %; H, H, Me, Me, 47%; H, H, Me, 
Et, 55%; Me, Me, Ph, Ph, 72%; Me, Me, p-ClC6~· p-CIC6~. 82%; Me, 
Me, p-Me0C6H4 , p-MeOC5H4 , 66% [39]. 

A recent simple synthesis of 2-arninoimidazoles has been accomplished 
by cyclization of a-halogenoketones with an N-acetylguanidine either at 
reflux in acetonitrile, or in DMF at ambient temperature. The initial products 
are the imidazol-2-ylacetamides, which are readily hydrolysed to give the 
4,5-disubstituted 2-aminoimidazoles (17) (R1, R2 = H) in moderate to high 
yields [36]. 

General procedure [36] 

To the acetylguanidine (3.0eq.) in anhydrous DMF (or MeCN) is added an 
a-haloketone (typically a 0.3 moll- 1 solution). The reaction mixture is stirred 
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at room temperature (96h) (or with MeCN it is refluxed (l6h) under argon) 
before evaporation to dryness. The residue is washed with water, filtered, 
dried and either recrystallized or subjected to co1umn chromatography on 
silica gel-60 or basic alumina, e.g. 2-acetarnido-4-methylimidazole is puri­
fied by a1umina co1umn chromatography using 5% ch1orofonn-methanol. 
2-Acetamidoimidazoles prepared in this way include (4 and 5 substituent, 
yield given): Me, H, 32%; Et, H, 78%, tBu, H, 61%; Me, Me, 58%; Ph, H, 
58%; Ph, Me, 65%; Ph, Ph, 61%. The acetarnido derivatives are hydro1ysed 
in the following manner. The 2-N -acety1 compound (0.1 g) is heated at reflux 
(24 h) in a 1: 1 solution of methano1 and water (5 mi) containing 5 drops of 
concentrated sulfuric acid. The reaction mixture is then evaporated, and the 
resulting sulfate salt recrystallized from water. Altematively, the free base 
form can he generated by adjusting the pH to around 10 with 1% methanolic 
potassium hydrox.ide, and the product is then purified by colurnn chromatog­
raphy on Sephadex LH-20 with methanol. Under basic conditions (e.g. neat 
hydrazine at 70'C) the amide derivatives can also be hydrolysed in high yields 
(68-86%). 

Symmetrica1 diarylguanidines condense with the rnixed anhydride of acetic 
and chloroacetic acids (formally a-halocarbony1 species) to give 1-aryl-2-
arylaminoirnidazolin-4-ones (18) in a one-step reaction (Scheme 4.3.9). Yields 
are, however, on1y moderate [6¡. 

NII 
11 

ArNH-C-NIIAr OCH2C:O,CO,Me 

Scheme 4.3.9 

o 

z:~NHAr 
1 

Ar 
(18) 

2-Anilino-1-phenylimidazolin-4-one (18) (Ar = Ph) 

The mixed anhydride obtained by reaction of ketene with monoch1oroacetic 
add (12 g) is added toa suspension of 1,3-dipheny1guanidine (21 g) in acetone 
(60rnl) cooled to 0°C. The temperature of the reaction mixture rises to 
10-JS"C, and a precipitate is deposited. This is fi1tered and washed with 
acetone, giving the hydrochloride salt of (18) (Ar = Ph) (11.2 g, 40%), m.p. 
235-236'C. Similarly prepared is (18) (Ar = p-to1y1) (38%). 

As mentioned earlier, the other main NCN synthons which are commonly 
availab1e are ureas, thioureas and isothioureas, which condense with 
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a-hydroxycarbonyl, a-halogenocarbonyl and a-dicarbonyl species to give 
imidazoles. Urea and methylurea will react with an acyloin or biacetyl in 
acidic solution to give 4-imidazolin-2-ones ( 45 85%) which are in tautomeric 
equilibrium with 2-hydroxyimidazoles. Both aliphatic and aromatic acyloins 
react, bul 1,3-dimethylurea will not react under the same conditions with these 
ce substrates [40-42]. Thiourea reacts similarly to give the analogous 2-
thiones [43-45], with the reactions preferably carried out in a high boiling 
solvent (e.g. n-hexanol) in the presence of calalytic quantities of HCI or dry 
HCl. Yields are usually moderate to good (50-60%). 

The common reaction of an a-bromoketone with excess urea and ammonium 
acelate in aqueous acetic acid (refluxed for ahout 3 h) to give 4-imidazolin-2-
ones in 50-75% yields can be simplified and adapled lo a single-ftask process 
from lhe original ketones. The kelone is initially brominaled at 18-20°C in 
a mixture of acetic acid and urea, then, after the addition of 30% arnmonia 
solution, the a-bromoketone which forms is helerocyclized in about 40% yield 
by further heating (~3 h) [42]. 

Cyanourea will react sirnilarly with an a-halokelone to give 1-
cyanoirnidazolin-2-ones, which are readily hydrolysed lo the 1-carbamoyl 
and ultimalely lo the N-unsubstituted analogues [46]. 4-Amino-2(2H)­
imidazolones can he made from urea and an a-kelonitrile [47]. 

S-Methylisothiourea is formally analogous to an arnidine or guanidine (see 
also reactions of arnidine sulfinic acids earlier in this chapter). It reacls readily 
with acylvinylphosphonium salts in much the same way as arnidines to give 
2-methylthio-4-imidazolylphosphonium salts, which can be converted inlo 
multifunctional imidazoles with recovery of triphenylphosphine [28]. 

Carbodiimides reacl with dicarhonyl compounds (or their sulfur analogues) 
to give imidazoles [48, 49]. When diimmonium salts (19) are trealed with 
guanidines or 0-methylisoureas the initial products are 4,5-dihydroimidazoles, 
bul these are readily aromalized by healing in the presence of triethylamine 
hydrochloride (Scheme 4.3.1 0). The rnildly acidic conditions resull in the loss 
of one of the amino functions from the intermediate [50]. Yields of 2,5-
diaminoirnidazoles are usually 60-80% overall. 

Acetylarnidrazones (20) can be made from imidate hydrochlorides 
and acetohydrazide in dry elhanol in the presence of triethylamine 
(Scheme 4.3. 10). When treated with phenacyl brornide in boiling acelonitrile 
they are largely con verted into 1-acetarnidoirnidazoles (21 ), although sorne 
acelylamidrazone hydrobromide also precipitales. Yields of (21) are around 
46-64% with alkyl or aryl 2-substituents [51). 

The reagent "betmip" ( 1-(triphenylphosphorylideneaminomethyl)henzotria­
zole) (22) [52] reacts with primary amines to form iminophosphoranes (23), 
which cyclize when lrealed with a-diketones lo give (often) good yields of 
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CH 
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:-JII 
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Scheme 4.3.10 

Ph 

PhmcH2Br '[~ 
N R 
1 

NIIAc 
(21) (R=Me. Ph, CH2Ph) 

1 ,4,5-trisubstituted imidazo1es (Se heme 4.3.11 ). When the diketone is unsym­
metrical the more nudeophilic iminophosphorane nitrogen atom attacks the 
more activated carbonyl function, giving only one regioisomer [53]. 

Arl 
A.COCOAr 1 

-Ph3PO, 

-H,o 
):) 

Ar N 

(22) 

Scheme 4.3.11 

1-Cycloheptyl-4,5-diphenylimidazole (24) (R = cycloheptyl; Ar, 
Ar1 = Ph) [531 

1 

R 

(24) 

To a so1ution of "betmip" [22] (2.5 g, 6.1 mmol) in THF (lOO mi) is added 
cycloheptylamine (0.69 g, 6.1 rnmo1). The mixture is refluxed (12 h) befare 
adding benzil (1.3 g, 6.1 mmo1) and refluxing for a further 16 h. The mixture 
is coo1ed, diluted with diethy1 ether (100 ml) and washed twice with 2M KOH 
(25 ml) lo remove benzotriazole. The crude irnidazo1e product is purified by 
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column chromatography on silica gel, eluting with ether to remove triphenyl­
phosphine oxide. The product (1.57 g, 81 %) is ohtained as colourless needles 
m.p. 132-133SC. Similarly prepared are (24) (R, Ar, Ar1

, yield given): p­
Me2NC6~• Ph, Ph, 84%; CHzPh, Ph, p-ClC5H4, 55%. 
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Ring Syntheses which lnvolve Formation of 

Three or Four Bonds 

5.1 FORMATION OF 1,2, 3,4 ANO 1,5 BONOS OR 1,2, 2,3, 
3,4 ANO 1 ,5 BONOS 

e N 
1 'e 
e N 

e N 
1 e e N 

It is convenient to combine these two synthetic approaches because they 
are formally similar. Both condense an a-functionalized ketone or aldehyde 
(C-4-C-5 synthon) with an amine or ammonia (N-1, N-3) and an aldehyde 
(C-2). The altemative Bredereck modification uses formarnide as the source 
of the C-2-N-3 bond and of N-l. The older (Radziszewski or Weidenhagen) 
methods give 4-mono-, 4,5-di- and 2,4,5-trialkyl or -triaryl imidazoles; the 
Bredereck "formamide" synthesis is largely restricted to the preparation of 
imidazoles with no 2 substituent. 

Many of the dassical methods grew out of the earliest synthesis of 
imidazole, which was achieved in 1858 by De bus [ 1] when he allowed 
glyoxal, formaldehyde and ammonia to react together. Altbough the earliest 
modifications of this method used a-diketones or a-ketoaldehydes as 
substrates [2¡, by the l930s it was well established that a-hydroxycarbonyl 
compounds could serve equally well, provided that a mild oxidizer (e.g. 
ammoniacal copper(II) acetate, citrate or sulfate) was incorporated L3!. A 
further improvement was to use ammonium acetate in acetic acid as the 
nitrogen source. All of these early methods have deficiencies. There are 
problems associated with tbe synthesís of a wide range of a-hydroxyketones 
or a-dicarbonyls, yields are invariably rather poor, and more often than not 
mixtures of products are formed. There are, nevertheless, stíll applícations 
to the preparation of simple 4-alkyl-, 4,5-dialkyl(diaryl)- and 2,4,5-
trialkyl(triaryl)imidazoles. For example, pyruvaldehyde can be con verted quite 
conveniently into 4-methylimidazole or 2,4-dimethylimidazo!e. However, 
reversed aldol reactions of pyruvaldehyde in ammoniacal solution lead to 
other imidazoles (e.g. 2-acetyl-4-methylimidazole) as minor products [4]. Such 
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TABLE 5.1.1 
Imidazoles (2) made from ct-dicarbonyl compounds, (an a1dehyde) and ammonia (or 

ammonium acetate) 

R2 R4 Rs Yield (%) Re f. 

Ph Ph Ph 94 6 
p-BrC5lL¡ p-Me0C6l-4 p-MeOC6l4 71 9 
p-MeOC6l-L¡ Ph Ph 53 9 
2,4-ChC6H3 Ph Ph 66 9 
p-BrC6l4 Ph Ph 93 9 
H Ph Ph 61,91 6,9 
Me Ph Ph 55,96 6,9 
p-CIC6ll,¡ Ph Ph 97 6,9 
CF3 Ph Ph 38 6,9 
Ph Ph 1-Naphlhyl 81 10 
2-Thienyl Ph Ph 71 11 
2-Thieny1 Ph p-ClC6l-4 67 11 
2-Thienyl Ph p-MeCól-4 72 11 
2-Thienyl Ph p-Me0C6l4 62 11 
Ph Ph 2-Thienyl 57 11 
p-MeC6H.¡ Ph 2-Thienyl 57 11 
p-MeOC6li¡ Ph 2-Thienyl 64 11 
m-MeC6l4 Ph 2-Thienyl 61 11 
p-MezNC6lL¡ Ph 2-Thienyl 47 11 
m-NOzC6IL¡ Ph 2-Thicnyl 82 11 
2-Furyl Ph Ph 62 12 
2-Furyl Ph p-C1C6JL¡ 50 12 
2-Furyl Ph p-MeC6lL¡ 60 12 
2-Furyl Ph p-Me0C6l4 52 12 
Ph Ph CF3 47 8 
p-MeC6!L¡ Ph CF3 28 8 
2-Pyridy1 Ph CF3 35 8 
CF3 Ph CF3 46 8 
Ph Ph COzEt 88 13 
Pr Ph C02Et 76 13 
Ph Pr COzEt 81 13 
Pr Pr C02Et 66 13 
H Ph COzEt 90 13 

alkaline fission of the two-carbon synthon serves to increase the likelihood 
of minar product proliferation and reduces overall yields, but one can use 
a large excess of the C-2 synthon to reduce these problems somewhat. In 
the synthesis of 2-acetyl-4-(1',2',3',4'-tetrahydroxybutyl)irnidazole from D­

glucosone, pyruvaldehyde and ammonium acetate, it was found convenient 
to use excess pyruvaldehyde ethylenedithioketal to prevent alkaline cleavage 
of the a-ketoaldehyde [5]. Examples of reactions which have usefully 
combined a-diketones and arnrnonia with or without added aldehyde 
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include the high-yielding synthesis of lophine (2,4,5-triphenylimidazole) 
from benzil, benzaldehyde and ammonia [6], a rather elegant synthesis 
of 4,5-di-t-butylimidazole [7], and preparation of a series of 2-aryl-5-
trifluoromethyl-4-phenylimidazoles from 3,3,3-trifluoro-l-phenylpropane-1 ,2-
dione monohydrate, an aldehyde and ammonium acetate [8]. Table 5.l.l lisls 
sorne typical examples. The scope of the reaction has been extended recently 
by incorporation of an ester group into the a-dicarbonyl by use of an 
appropriale tricarbonyl monohydrate (1) (R5 = C02R) and an alkyl or aryl 
aldehyde [13]. The appropriate tricarbonyl substrates (1) (R5 = C02R) can be 
prepared in two steps from an acid chloride by the Wasserman method which 
proceeds vía a kelophosphorane (3) [14], or by the Dess-Martin oxidation 
(with an iodine(V) reagenl) of ¡S-hydroxy- and ¡S-ketoamides, -esters and 
-kelones (Scheme 5.1.1) [15]. The cyclocondensation of these tricarbonyls 
with an aldehyde and ammonium acetate serves lo introduce an ester group al 
C-4(5) ofthe irnidazole (2) (Scheme 5.1.1) [13]. 
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Although 1 ,2-dicarbonyl substrates (especially unsymmetrica1 benzils) are 
often difficult to make, there are a number of approaches which may 
be appropriale. Propane-1 ,3-dithiol reacts with aldehydes to give cyclic 
thioacelals (in 52-91% yields) which form stable dithiane anions when trealed 
wilh butyllithium. Subsequent quenching with an acid chloride followed by 
mercury(II) chloride treatment gives a 1,2-dicarbonyl species. Altematively, 
subslitution of an aldehyde for the acid chloride gives rise eventually lo an 
a-hydroxycarbonyl derivative (Scheme 5.1.2) [16). An altemative approach to 
a-ketoaldehydes (82-86% yields) reacts an a-ketonitrate ester with sodium 
acetale in DMSO [17). Aryl a-diketones can be made from a-keloanils, 
which are in tum made by cyanide ion-catalysed transformation of aromalic 
aldimines [ 18], and the range of unsymmetrical benzils has been increased by 



154 5. RING SYNTHESES WHICH INVOLVE FORMATION OF THREEIFOUR BONDS 

eS H Buü 
RCHO + HS(CH2hSH - X - -- .... 

S R 

RCOCORt es R 

~CORt 
Scheme 5.1.2 

Friedel-Crafts reaction of arenes with a-chloro-a-(methylthio)acetophenones 
[19]. When N-phenylbenzimidoyl chlorides are aroylated with an aryl halide 
in the presence of a catalytic amount of an azolium salt (such as 1,3-
dimethylimidazolium iodide) and sodium hydride, followed by acid treatment 
in THF, unsymmetrical benzils can be isolated in 80-92% yields [201. 
Added to this method is the sequence ketone enaminoketone a­
diketone, which cleaves a carbon-carbon double bond in the final stage by 
photooxygenation [21]. 

Investigation of the mechanism of these reactions has suggested ways in 
which the yields can be improved. Acidic conditions (pH ~ 2) will prevent 
Cannizzaro rearrangement of any glyoxal-type species and also serve to 
hydrolyse any Schiff bases which result from side reactions of aldehyde and 
amine. Conditions should be adjusted so that the rate of hydrolysis of "linear" 
products is equal to the rate of cyclocondensation, allowing accumulation 
of the imidazole products. From glyoxal, formaldehyde and ammonium 
chloride the yield of imidazole can be increased to 85% by careful control 
of the conditions. With an appropriate alkylarnmonium chloride, 1-substituted 
imidazoles are also accessihle (e.g. 1-methyl (56%), 1-isopropyl (46%), 1-
cyclohexyl (49%), 1-n-butyl (55%), 1-t-butyl (25%)). The process may have 
sorne applications, but yields drop off with branched alkyl compounds [22[. 
Imidazolium salts are also availahle under similar conditions when two molar 
equivalents of a primary alkylamine are used [23]. 

2-( 4' -Bromophenyl)-4,5-bis( 4" -methoxyphenyl)imidazole (2) 
(R2 = p-Br-C6H4 R4, R5 = p-Me0-C6H4) [9] 

A mixture of 4,4'-dimethoxyhenzil (1.9 g, 7 mmol), 4-bromobenzaldehyde 
(1.5 g, 8.1 mrnol) and anhydrous ammonium acetate (6.5 g, 84 mrnol) in glacial 
acetic acid (50 ml) is heated. The solution tums yellow, and the reaction is 
shown to be complete (TLC) after 1.5 h. The solution is then slowly poured 
into a solution of 0.88 arnmonia (lOO ml) in ice-water (1 00 ml). The sol id 
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product is filtered and recrystallized from isopropanol to give the imidazole 
(2.2g, 71%), m.p. 160-161°C. 

Ethyl 2,4-diphenylimidazole-5-carboxylate (2) ( R2, K" ::::: Ph, 
R5 ::::: C02Et) [13] 

To a slurry of ammonium acetate (0.86 g, 11.2 riunol) in glacial acetic acid 
(3 rnl) is added the tricarbonyl monohydrate (1) (R4 = Ph, R5 = C02Et) 
(0.23 g, 1.1 mmol) followed by henzaldehyde (0.236 g, 2.2 mmol). The mixture 
i> heated to 65oC and stirred for 30 min, when TLC ana1ysis in di cates complete 
consumption of the tricarbonyl. After cooling to room temperature the acetic 
2.cid is evaporated, to give an oily residue which is dissolved in ethyl acetate 
md washed in tum with saturated sodium bicarbonate, water and hrine. The 
organic phase is dried (MgS04), filtered and concentrated under reduced 
pressure. Chromatography on silica gel (hexanes-ethyl acetate 9: 1) gives the 
above imidazole product (0.287 g, 88% ), m. p. 165-167•c. 

In the above reaction sequences, when the arnmonia or amine is replaced 
by hydroxy1arnine, one can prepare 1-hydroxyimidazole 3-oxides, e.g. I­
hydroxyimidazole 3-oxide (68%) and its 2-methyl (74%) and 2-ethyl 
derivatives (70%). Subsequent hydrogenation with palladium on carbon in 
aqueous hydrochloric acid gives the 1-hydroxyimidazoles. It should be noted 
that the oxides decompose violently when heated [24]. Titanium(Ill) chloride 
in aqueous solution at room temperature is a suitahle reducing agent [25]. 

1-Hydroxy-2.4,5-trimethylimidazole 3-oxide [26) 

A solution of d.iacetyl (4.3g. 50mmol) and ethanol (2.2g, 50mmol) 
in methanol (400 mi) is treated with hydroxylamine hydrochloride (2 g, 
100 mmol) and stirred at room temperature (20 h). The reaction mixture is 
neutralized with sodium carbonate (15 g), filtered, and concentrated under 
reduced pressure. The residue crystallizes from benzene as tan needles (5.5 g, 
83%), m.p. 199-ZOOoC. Similarly prepared is the 2-phenyl analogue (90%). 

4,5-Dichloroimidazoles can be made by treatment of an arylaldehyde with 
cyanogen and hydrogen chloride in ethereal solution. The sale by-product 
appears to be oxamide, which is readily separated because of its sparing solu­
bility in common solvents. Yie!ds of 2-aryl-4,5-dichloroimidazoles lie in the 
range 36-72% [27]. The dichloroimidazoles are very base-sensitive, and even 
dilute alkalies convert them into N-methylbenzamides. 

It has been reported that 1-hydroxyirnidazoles (rather than imidazoles [28]) 
are accessible in high yields from reaction of nitrosonium ftuoroborate with 
acetonitrile and the appropriate alkene; titanium(III) ch1oride reduces the 
hydroxyl function [24]. 
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Replacement of the a-dicarbonyl compound with an a-hydroxyaldehyde or 
-ketone under oxidizing conditions is the comerstone of the early imidazole 
syntheses based on reactions of reducing carbohydrates with amrnonia. Yields 
in such reactions are seldom good, and the method was limited largely to 
the synthesis of 4-methyl- and 4-hydroxymethylimidazoles, for which more 
convenient methods are now available. lf, however, it is necessary to make an 
imidazole with a polyhydroxyalkyl side chain of specific configuration at the 
4- or 5-position, then the use of a carbohydrate starting material is indicated, 
e.g. in the synthesis of L-erythro-,8-hydroxyhistidine from D-glucosamine [29]. 
There are, however, many examples in the literature in which simpler ketols 
or ketol acetates have served as irnidazole sources [3, 30-35]. The method 
was originally devised by Weidenhagen [3]. Provided that an excess of the 
acyloin is used in an alcoholic solution of copper(II) acetate and ammonia, 
ring closure can lead to 2-imidazolylketones, e.g. 2-benzoyl-4-phenylimidazole 
(32%) [32], but the method ís much more commonly applied to the synthesis 
of imidazoles unsubstituted at C-2, or simple 2-alkyl or 2-aryl analogues. 
Examples of products prepared by the general method include 2,4-bis-(p­
methoxyphenyl)- (67%), 4-(p-phenoxyphenyl)- (59%), 2-(p-phenoxyphenyl)­
(8%) [31], 2,4-di-a-furyl- (40%), 2-phenyl-4,5-di-a-furyl- (41 %), 2-a-furyl-
4,5-diphenyl- (30%) [36], 2-cyclohexyl-4-phenyl- ( 48% ), 2-cyclohexyl-4,5-
diphenyl- (34%) and 5-cyclohexyl-2,4-diphenylimidazoles (32%) [34]. Sorne 
of the yields quoted are for the copper salts. A complication of the interac­
tion of a-acyloxyketones with ammonium acetate is the isolation of mixtures 
of oxazoles and imidazoles [37], and product complexity can be too great to 
offset the simplicity of the method. The use of excess ammonia serves to 
depress oxazole formation, and the ability to convert oxazoles into imidazoles 
(see Chapter 6) can also be a mitigating factor. A novel synthesis of acyloins in 
55-95% yields increases the scope of these cyclizations [38), but attempts to 
make acyloins from epoxíde precursors [39, 40! may only give modest yields, 
and it seems better to brorninate a methyl ketone in methanol [41], and then 
convert the a-bromoketone into the acetoxyketone using potassium acetate 
befare applying slightly modified Weidenhagen conditions. The copper(II) 
acetate ís díssolved in 25% aqueous ammonia, and this solution is added 
dropwise to a solution of the acyloin (or acetoxyketone) and aldehyde in 
25% aqueous ammonía at o·c. The temperature is then gradually increased to 
10o·c. Improved yields of 2,4-disubstituted irnidazoles have been obtained in 
this way [35]. 

4-Isopropyl-2-methylimidazole (2) (R2 =Me, R4 = iPr, R5 = H) [35] 

1-Acetoxy-3-methyl-2-butanore (0.375 mi, 2.6 mmol) is dissolved in 3M 
aqueous KOH (5 mi) atO" C. To this a mixture of copper(II) acetate (5.1 g), 25% 
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ammonia solution (70ml) and ethanol (4.1 mi, 13.2mmol) is added slow1y at 
o•c. The resulting mixture is shak.en vigorously and then the temperature is 
raised in stages to 1 oo·c until a blue-green precipitate appears. The suspension 
is allowed to cool to room temperature, then chilled to o•c and kept at 
that temperature ( 6 h), then filtered. The so lid product is washed once with 
ethanol and air dried to give the blue-white copper salt of the imidazole 
(0.454 g, 2.39 mmo1). A hot aqueous suspension of lhis salt is treated with 
gaseous hydrogen sulfide (15- 20 min), filtered, washed with hot water, and 
allowed to cool. Concentration of the filtrate in vacuo gives 4-isopropyl-
2-methylimidazole (0.307 g, 88% ), m. p. 91-94·c. Similar! y prepared from 
hydroxy- or acetoxyketones are (2) (R5 = H; R2 , R4, yield given): Me, Me, 
82%; Me, Pr, 36%; Me, iPr, 88%; Me, Bu, 41%; Me, iBu, 69%; H, iBu, 84%; 
Me, tBu, 98%; H, tBu, 94%; Me, Ph, 72%. 

Rather less common are condensations hetween a-hydroxyketones, 
arnmonia and an imidate. Equiva1ent amounts of the hydrochloride salt 
of the irnidate and the a-substituted carhonyl compound (a-ha1ogeno­
and a-acetoxyketones a1so tak.e part) are heated (40-70.C) in liquid 
ammonia (3-48 h) at elevated pressures. Yields of imidazo1es vary between 
1 O and 90%, but the requirements of working with liquid arnmonia 
in an autoclave may mak.e this approach unappealing if a1tematives 
are avai1able [42, 43]. Examples include 4-hydroxymethyl- (35%), 4-
hydroxymelhyl-2-phenyl- (73% ), 4-hydroxymethy1-2-(p-toly1)- (68%) and 2-
benzyl-4-hydroxymethylimidazoles (85%) [44]. 

In 1953, Bredereck and Theilig introduced their "formarnide synthesis" in 
which a-diketones, a-hydroxyketones, a-ha1ogenoketones, a-aminoketones, 
a-ketolesters or (under reducing conditions) a-oximinoketones react with 
formarnide rather than ammonia (Scheme 5.1.3). Yields of imidazoles (4) can 
be as high as 90% and are reported seldom to drop below 40% [45-49]. 
In our hands, however, we have commonly found it difficull to achieve 
such consistently high yields, and they have been frequently in the range 
20-30%. In spite of this, the process has sufficient simplicity to make 
it an appealing choice for a range of 4-substituted and 4,5-disuhstiti.tted 

or 
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Scheme 5.1.3 
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TABLE 5.1.2 
Imidazoles (4) made by "forinamide syntheses" 

X R4 R5 Yield (%) Re f. 

OH Me Me 55 45 
OH Et Et 67 45 
OH Pr Pr 81 45 
OH iPr iPr 85 45 
OH Bu Bu 72 45 
OH iBu iBu 61 45 
OH Ph Ph 91 45 
OH Ph Et 70 45 
OH p-FCbH,¡ p-FC5H,¡ 63 50 
Br Ph H 90 45 
Br Ph iPr 69 45 
Br Et Pr 49 45 
Br Me Me 47" 45 
Br p-MeOC5H,¡ H 62 45 
Br Me (CHzhOH 94b 51 
Br p-CIC6H4 H 18 52 
Br p-N02CóH4 H 23 52 
NHz Ph Ph 90 48 
OC O Me Ph Me ssc 53 
OCOMe Ph E1 soc 53 
OCOMe Ph H 75" 53 

"Plus 22% 4,5-dimethyloxazole. 
bThe imidazole product also has a 2-methyl substituent. 
ca-Bromoketal as substrate. 

imidazoles (Table 5.1.2.). In the presence of added aldehyde it can he adapted 
to the preparation of 2,4,5-trisuhstituted irnidazoles [45, 49]. Replacement 
of ammonia by formamide reduces decomposition of a-diketones or a­

hydroxyketones. 
Highly branched a-hydroxyketones fai1 to reuct, and the formation of 4,5-

disubstituted oxazoles as by-products (which predominate when concentrated 
sulfuric acid is the condensing medium) can be reduced if the tempera­
ture is kept in the range 180-200°C, and a Iarge excess of formarnide is 
used. The two-carbon synthon of choice in these reactions is often an a­

hromoketone which can be prepared in situ. Thus, boiling the appropriate 
ketone with an equimolar amount of bromine in excess formamide gives 
good yields of simple 4- and 4,5-disubstituted imidazoles (4), e.g. 4-pheny1 
(61%), 4,5-diphenyl (67%), 4-methy1-5-phenyl (80%) and 4-ethyl-5-pheny1 
(81%) [54]. Where unsymrnetrical ketones are in volved, careful control of 
the solvent may allow selective orientation of the brornination [41]. One 
example added bromine in methanol to 4,5-dihydro-2-methylfuran to form 
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the ketal which was refluxed in formamide to give a high yield to 4-methyl-
5-hydroxyethylimidazole [51], and 4-hydroxypropylimidazole has been made 
similarly [55]. 

Sorne of the 4,5-dialkylimidazoles made by Bredereck [ 48] are thought to be 
complexes with formic acid, i.e. the reaction of acetoin with formamide gives a 
1:1 hydrogen-bonded adduct of formic acid and 4,5-dimethylimidazole rather 
than the formate salt, and so an altemative synthesis of 4,5-dimethylimidazole 
has been proposed using the sequence 4-hydroxymethyl-5-methylimidazole 
4-chloromethyl-5-methy!imidazole 4,5-dimethylimidazole (80-90%) as the 
free base [56]. 

Extension of the method to the synthesis of 2-substituted imidazoles rests 
on the use of more complex amides then formamide, and this is a severe 
Iimitation. There are only a few examples of the use of acetamide which Iead 
to 2-methylimidazoles [57]. 

4,5-Bis-(p-.fluorophenyl)imidazole (4) (R4, R5 = p-FC 6!14 ) [50] 

A solution of 4,4' -difluorobenzoin (58.7 g, 0.23 mol) in formamide (300 ml) 
is retluxed (l h), cooled and treated with water (50 mi). The resultant salid is 
filtered and washed in tum with water and cold acetonitrile to give the product 
(37 g, 63%), m.p. 247-2so·c. 

4-Phenylimidazole (4) (~ = Ph, R5 = H) [52] 

Freshly prepared phenacylhromide (20 g, 0.10 mol) is added to formamide 
(lOO mi) with stirring. The temperature is raised to l50-l80•c and maintained 
at that leve! (2 h). After cooling somewhat the solution is boiled with concen­
trated hydrochloric acid (200m!) containing a small quantity of activated 
charcoal, cooled, filtered (Celite), and basified with aqueous ammonia, when 
the product crystallizes. Filtration, washing repeatedly with water, and recrys­
tallization from water gives 4-phenylimidazole as colourless pi ates (3.6 g, 
25%), m.p. l29-130"C. 

Although a-aminoketones readily form imidawles when they cyclize in 
the presence of formamide [48], preparative difficulties (see Sections 2.1.1, 
2.2. 1 and 4.1) point to alterna ti ve use of their precursors, a-oximinoketones, 
which can be reduced by dithionite or using catalytic methods in formamide at 
70-1 oo·c. Subsequent ring closure is achieved merely by raising the temper­
ature to 1so• C. 

Cyclization of a-oximinoketones with an aldehyde in the presence of 
ammonia or an amine is a common way of making l-hydroxyirnidazoles or 
imidazole N-oxides (S) (Scheme 5.1.4) [58-63]. Yields are often very high 
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and can he quantitative. There are formal similarities to the reactions between 
a-diketones, hydroxylamine and aldehydes (see ahove). 

(R)-1 ( a-Carboxy-y-methylthio )propyl-4,5-dimethylimidazole 3-oxide (S) 
(R1 = CH(C02H)(CH2hSMe, R2 = H) [591 

A solution of diacetyl monoxime (1.01 g, 10mmol), D(R)-methionine (0.89 g, 
10 mmol) and 30% formalin solution (1.5 g) in ethanol (100 mi) is refluxed 
(3 h), then cooled and filtered. Rotary evaporation of the filtrate, treating the 
residue with dry acetone, again filtering, then addition of dry ether precipitates 
the product, which can be recrystallized from chloroform-hexane and added 
methanol as colourless crysta1s (2.35 g, 96%), m.p.178-18l °C. 

The old Maquenne synthesis of imidazoles [64] is seldom used nowadays. 
It was originally used to make imidazole-4,5-dicarboxylic acids from tartaric 
acid dinitrate and either an aliphatic aldehyde or formaldehyde precursor in the 
presence of ammonium ions at pH 3.5-6.5. The procedure is not an entirely 
pleasant experience, and has been happily superseded by other approaches, 
but it may he useful on occasion to make compounds such as vinyl-, hydroxy­
and methoxy-substituted 2-arylimidazole-4,5-dicarboxylic acids [65]. Use of 
dialkyltartrate dinitrates gives the corresponding imidazole-4,5-dicarboxylates 
in 45-65% yields [31]. 

Another way of a~semhling the imidazole ring from three separate frag­
ments cyclizes a mixture of an a-aminonitrile, amine and triethyl orthoformate 
(Scheme 5.1.5) [66, 67]. The process provides an altemative to sorne of the 
methods based on DAMN for making imidazoles with amino and nitrile 
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functions in the 4- and 5-positions (see Sections 2.1. 1, 2.2.1 and 3. 1.1 ), and 
the amino group can be later removed [67]. 

erythro-5 -Amino-1-(2 -hydroxy-3 -nonyl )imidazole-4-carbonitrile ( 6) 
(R 1 = 2-hydroxy-3-nonyl, X= CN) [67] 

Dry ammonia is bubbled (30 min) through · a stirred solution of 
arrúnomalonitrile p-toluenesulfonate (commercially avai!able from Aldrich) 
(4.5 g, 17.7 mmol) in dry acetonitrile (200 ml). The so lid which separates 
is filtered off, and the filtrate is concentrated to 100 mi before addition of 
triethyl orthoformate (2.97 ml, 17.7 mmol) and refluxing (15 min). To the 
coo1ed mixture is added eryrhro-3-amino-2-nonanol (2.81 g, 17.7 mmol), and 
the solution is stirred ovemight at room temperature. Evaporation of the 
solvent and flash chromatography of the residue on a silica gel column eluted 
with chloroforrn- methanol (96:4) gives (6) (2.0 g, 45%), m.p. 99-103°C. 
Similarly prepared are (6) (R1, X, yield given): CHzCHz NHEt, CONH2 , 

51%; CH2CH2NHEt, CN, 72% [66]. 

erythro-1-(2-Hydroxy-3-nonyl)imidazole-4-carbonitrile [67] 

To a boiling mixture of isoamyl nitrite in THF a solution of (6) (R1 = 
2-hydroxy-3-nonyl, X= CN) (l.Og, 4.4mmol) in THF (20ml) is added drop­
wise over l h. After the addition in complete, the reaction mixture is refiuxed 
(3 h), cooled and rotary evaporated. Flash chromatography of the residue on 
silica gel eluted with cyclohexane-chloroform-methanol (55:40:5) gives the 
nitrile (0.46 g, 50%) as an oil. 

A number of miscellaneous methods which involve multibond forrnation 
are included here for completeness in spite of the fact that their 
synthetic utilities do not appear to be great. A reaction which closely 
resembles the a-halogenoketone-amide method is the cyclization of an a­

chloro-a-phenylthioketone (prepared from the diazoketone) with ammonia 
and a carboxylic acid. lt has been used to prepare 2-ethyl-4-methyl-5-
phenylthioimidazole in 32% yield [68]. 

2,4,5-Triarylimidazoles have been isolated from reactions of alkenes, 
carbon monoxide and ammonia in the presence of a rhodium catalyst, while 
benzylamines react with catalytic quantities of metal carbonyls to form the 
sarne compounds [69, 70[. 4-Arninoirnidazolium salts have been made by 
assembling iminochloro sulfides, benzaldirnines and isocyanides in a process 
believed to involve a transient N-imidobenzylideniminium halide interrnediate. 
Yields of 25-76% are reported [71]. 
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Recently, a method has been devised to overcome the problems of 
making 2,4,5-triarylimidazoles (8) with different aryl groups. Essentially 
reactions are between a,a-dilithioarylnitromethanes and aryl nitriles; ar 
unusual cyclization-elimination mechanism is believed to he operating 
(Scheme 5.1.6). The chemistry is reported to work best when the aromatic ring 
of the ary1nitromethane dianion (7) contains electron-donating substituents. If 
it is desired to prepare an imidazole with three different aryl groups one 
can add in turn two different aryl cyanides to a THF-HMPA solution of the 
dianion. Although yields are frequently only modest, the method appears to 
offer considerable potential [72]. The phenylnitromethane starting materials 
are made either from phenylacetic acid or phenylacetonitrile precursors in 
high yields [73). Despite the fact that an imidazole with three different aryl 
substituents is not the sole product isolated (see experimental data below), the 
general method should have applications. 

l. A!CN 

2. ArlCN 

(8) 

Scheme 5.1.6 

General procedure for 2,4,5-triarylimidazoles (8) [72] 

To a so!ution of arylnitromethane ( 10 mmol) in THF (50 rn1 per gram of 
suhstrate) is added HMPA (5.2 rnl, 30 mmol), and the solution is cooled to 
-so· e before addition of n-butyllithium (8.4 rn1 of a 2.5 M solution in hexane; 
21 mmol). The resulting solution is stirred (lOO min) and gradual! y allowed to 
warm up to -2o·c during this period. The mixture is then recooled to -7o·c, 
and aryl cyanide (21 mmol) in THF (2 rn1 per gram of substrate) is added. 
The mixture is allowed to come to room temperature and is stirred (18 h) 
before work-up, which commonly involves concentration in vacuo fo!lowed 
by column chromatography on silica gel. Prepared in this way are (8) (X, Ar = 

Ar1
, yield, chromatography solvent mixture listed): F, Ph, 67%, ether-hexane 

(2:8-3:7); F, p-CF3C6H4, 37%, ether-hexane (3:7); F, p-Me0C6~. 10%, 
ether-hexane (1:1); H, Ph, 64%, ether-hexane-Et3N (3:7:0.1); H, p-CF3C6H4, 
39%, ether-hexane (3:7); MeO, Ph, 60%, ether-hexane (1: 1); MeO, p­

CF3C6~. 62%, ether-hexane-Et3N (40:59:1); MeO, p-MeOC6~. 15%, 
ether-hexane (7:3). 
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2-(4' -Pyridyl)-4-( 4' -.fiuorophenyl)-5-phenylimidazole [72] 

Toa solution of p-fluorophenylnitromelhane (0.5 g, 3.22 mmol) in THF (25 mi) 
is added HMPA (1.68 ml, 9.67 mmol). The solution is cooled lo -70'C and 
n-butyllithium (2.71 ml of 2.5 M solution in hexane; 6.78 mmol) is added. 
The solution is slirred at -70'C lo 10'C (60min), then cooled to -SO'C 
and benzonitri1e (0.329 ml, 3.23 mmol) is added. The reaction mixture is 
stirred al -SO'C to -20'C (40 ruin) and then at -20'C to room lemper­
alure (20 min). The temperature is then lowered again to -SO'C, and 4-
cyanopyridine (0.335 g, 3.22 mmol) in THF (3.0 ml) is added. After allowing 
it to come lo room temperature the solution is stirred ( 16 h) and concentrated 
in vacuo to dryness. The residue is chromatographed on silica gel using ethyl 
acetate as the eluent to give (8) (X= F, Ar, Ar1 = Ph) (0.13g, 13%), m.p. 
256-257'C, and (8) (X=F, Ar=Ph, Ar1 =4-pyridyl) (0.31g, 31%) as a 
white crystalline powder, m. p. 291 oC (dec.) 
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-6-
Syntheses From Other Heterocycles 

Su;;h synthetic approaches can on1y be valid if the "other heterocycles" are 
re2.dily avai1able, or if their transformations 1ead to imidazo!es difficult to mak:e 
by other means. It is certain1y important to be able to aromatize imidazolines 
'ince a number of ring-synthetic procedures Jead to reduced imidazoles. 
4-Aminoisoxazoles are sources of a-acylaminoenaminones which cyclize 
with bases to give 4-acy1imidazo1es. Oxazole-imidazo1e conversion has 
!argely historical importance, but it is also implicated in sorne ring-synthetic 
procedures (e.g. the Bredereck method, see Chapter 5). Transformations 
of benzofuroxans into 2-substituted henzimidazole N-oxides have sorne 
synthetic importance. Few, if any, ring contractions appear lo have major 
application. 

Although sorne conversions of other heterocyclic compounds into benz­
imidazoles are of little more than academic interest, there may be synthetic 
value if the reactions occur under neutral conditions (the usual cyclizations of 
o-phenylenediarnines are in acidic media). 

6.1 IMIDAZOLES 

6.1.1 From three-membered rings 

The few examples in which azirines or aziridincs ring expand in the presence 
of a suitable CN synthon do not constítute an important syntheric mute to 
imidazoles, but the high yields frequently rcported merita brief summary here. 

2H -Azirines or their salts are converted into imidazoles (2) when treated 
with ni triles, a process which is promoted by perchloric acid r 1] or boron 
tritluoride etherate [2, 3] (Scheme 6.1.1). These reactions are essentially 
f3 + 2] addition reactions of an intermediare aza-allyl cation (formed by ring 
O?ening of the azirine) and the nitrile; the 1,2 and 3,4 bonds are formed during 
the cyclization. Similar reactions with 1 ,3,4-thiadiazol-2-ones are carried out in 
isopropanol under nitrogen at room temperature when R = mesyl, or at 80'C 
for R = methoxy. Yields of imidazole-2-carboxamides (1) (R4 = NMcPh) 
are in the range 65-96% for a variety of substituents (R5 = Me. Et, Ph) 
(Scheme 6.1.1). Parabanic acid reacts similarly with such azirines [4]. The 
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cyclizations of 2,3-diphenyl-2H -azirine with ni triles are carried out at elevated 
temperatures to give a wide range of2-substituted 4,5-diphenylimidazoles, e.g. 
2-methyl (l50oC, 71% ), 2-t-butyl (240°C, 42%), 2-phenyl (130°C, 82% ), 2-
vinyl (240"C, 51%), 2-benzyl (135°C, 79%) [2, 3]. There are, however, more 
common methods for making such compounds. Photolysis of sorne azirines 
leads to nitrile ylides which can be recyclized in the presence of reagents 
such as ethyl cyanoformate to give imidazoles, but such reactions have little 
obvious synthetic utility [5, 6]. 

R•\-N 

RS)(_:-J~RZ 
H 

(2) 

BF3.&20 

R'vR• 

N (R ~ OMe. SQ,Me) 
(R4 = M.lePh) 

Scheme 6.1.1 

6.1.2 From five-membered rings 

6. 1.2. 1 Pyrazoles 

Pyrazoles rearrange under photochernical conditions to irnidazoles with yields 
as high as 30%. Frequently. however, mixtures of isomers are formed, 
decreasing the synthetic utility of the approach. Thus, photolysis of 1,5-
dimethylpyrazole gives a mixture of 1,2-, 1,4- and 1,5-dimethylirnidazoles 
[7]; 3-cyanopyrazole gives 2- (25%) and 4-cyanoirnidazoles (11 %) [8]; 
4-cyano-1-methylpyrazole gives l-methyl-4-cyano- (25%) and 1-methyl-
5-cyanoimidawles (10%) [8, 9]; 3-methylpyrazole gives a mixture of 
2- (16%) and 4-methylirnidazoles (16%); and 1-methylpyrazole gives 1-
methylirnidazole (29%) [10]. Control of temperature during the photolyses 
may be used to restrict isomer formation to sorne extent [7]. The usual 
consequence of these photolyses is the interchange of N-2 and N-3 in 
the pyrazole, but complications of tautomerism arise in N -unsubstituted 
pyrazoles. 

6.1.2.2 Dehydrogenation of imidazolines 

There are a number of synthetic procedures which give reduced imidazoles 
as the primary products, and it is usually not too difficult to aromatize these. 
For example, 2-alkyl-2-irnidazolines can be made by heating acylethylenedi­
amines in the presence of magnesium powder [11]. Barium manganate in dry 
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dioxane serves to dehydrogenate these imidazolines, and it is a useful reagent 
in a variety of cases [ 12], but it is also a very toxic compound. Imidazolines 
have been dehydrogenated with sulfur [13], and by catalytic methods using 
Raney nickel, platinum or palladium, often at high temperature, in addition 
to the use of other hydrogen acceptors (selenium, copper(II) oxide, cyclo­
hexanone) [14-16!. The best and most reliahle methods use active manganese 
dioxide [17, 18], permanganate [12, 19] or palladium on carbon [16]. lt is 
important to he able to oxidize 2-alk.ylimidazolines to 2-alk.ylimidazoles in 
an efficient and economical manner because the latter compounds are impor­
tan! as synthetic intermediates in the synthesis of nitroimidazole drugs such 
as metronidazole, tinidazole and dimetridazole [12]. The use of palladium 
on carbon is a mild method suitable for converting 2- and 2,4-disubstituted 
imidazolines into the corresponding imidazoles. Results with this reagent are 
rather more variable with 4-substituted imidazolines, e.g. 4-phenyl (51%) and 
4-henzyl (unsuccessful) [16]. 

Methyl 1-methylimidazole-4-carboxylate [ 17] 

Toa solution of methyl1-methyl-2-imidazoline-4-carboxylate (7.5 g, 50 mmol) 
in chloroform ( 150 ml) is added active manganese di oxide [20, 21] (30 g). The 
suspension is stirred at room temperature (16 h), filtered and washed with hot 
chloroform. The filtrate and washings are rotary evaporated to dryness to give 
essentially pure product (5.32 g, 72%) which can be suhlimed (ho.os 80°C) to 
give pure crystals, m.p. 97-98'C. 

2-Methylimidazole [12] 

To 2-methyl-2-imidazoline (0.5 g, 5.95 mrnol) dissolved in dry dioxane (15 ml) 
under nitrogen is added, in small portions with stirring, potassium perman­
ganate ( 1.5 g, 9.5 mmol). The mixture is then reftuxed ( 12 h), allowed to cool to 
room temperature, and filtered through Celite. The filtrate is evaporated under 
reduced pressure to a yellowish solid, which is recrystallizcd from toluene 
(0.352 g, 72%), m. p. 140-142'C. Similar dehydrogenations of the 2-ethyl­
and 2-propyl-2-imidazolines were accomplished with 48 and 50% efficiencies, 
respective! y. 

2,4-Diphenylimidazole [16] 

A suspension of 10% Pd/C (0.3 g) and 2,4-diphenylimidazoline (0.3 g) in 
toluene (7 .5 mi) is reftuxed under argon (40 h). After recovery of the cata­
lyst by filtration, the filtrate is rotary evaporated to give a solid, which on 
recrystallization from dichloromethane-hexane forms needles (0.2 g, 85%), 
m.p. 161-162'C. 
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6. 1.2.3 Triazoles and tetrazoles 

Sodium hydride in DMF at room lemperature induces rearrangement of sorne 
1 ,4-dia1ky1-4H -1,2,4-triazolium salts lo 5-aminoimidazoles; the reaction can 
be generalized lo permit synthesis of 4-acyl-5-aminoirnidazoles from readily 
accessible starting materials, bul yields are only moderale (21-60%) [22]. 

R2 
'¡= ~ (Bu1Sn),O 

N NH 
~/ 

K 

R2 

/=N\ 
N~ /NSnBu3 

K 

(3) 

R4 

hv )[N 
~ 11 
-' R5 N~R2 

JI 

(5) 

Scheme 6.1.2 

R2CN 

Photolysis of 1-vinyltetrazoles (4) gives moderale yields of irnidazoles, 
presumably via cyclization of irnidoyl nitrenes which are generaled when 
nitrogen is losl (Scheme 6.1.2). The process relies on efficient preparalion 
of 1-vinyltetrazoles from 2-tributylstannyltetrazoles (3) (quite easily made 
from tetrazoles or from nitriles) which are N-1-alkylated at room temperature 
by ring-opened epoxides. The trihutylstannyl group is cleaved by gaseous 
hydrogen chloride, and the alcoho1s are readily dehydrllted with methyl 
triphenoxyphosphonium iodide in HMPA or DMF (often preferahle) al room 
temperalure, followed by stirring for a few hours with 10% aqueous caustic 
soda. Irradiation of (4) is carried out in a variely of solvenls (usually 1ight 
petroleum (b. 60-80oC) or ethanol), and il has been found that yields are 
increased if lwo equiva1ents of trifluoracetic acid are added to the elhano1. 
Yields of imidazoles (5) are 32-73%, e.g. (5) (R2, R4, Rs, yield given): H, H, 
H, 32%; Ph, H, H, 61%; H, Me, H, 62%; Me, Me, H, 73%; Ph, Me, H, 66%; 
Ph, Ph, H, 66% [23, 24]. Problems with the method include the formation of 
mixtures of 1- and 2-isomers at lhe alkylation stage, a1though the l-isomer:2-
isomer alkylation ratio is usually grealer than 4:1, and chromatographic 
methods readily separale the isomers. The dehydralion of lhe 2-hydroxyalkyl 
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substituents also gives a mixture of vinyl and allyl isomers, but the former 
usually predorninate. Yields of the 1-alkenyltetrazoles (4) are usually 69-93% 
for a wide variety of substituents [24]. The reaction can be adapted to the 
synthesis of 4-acylimidazoles by reacting a conjugated alkyne, such as ethyl 
propiolate, with (3), giving rise to 1-alkenyltetrazples bearing a conjugated 
acyl substituent. When these are irradiated the products are 4-acylirnidazoles. 
This is potentially a useful method since 4-acylirnidazoles are often difficult 
to make by other methods, e.g. (5) (R2 , R4 , R5 , yield given): Ph, C02Me, H, 
61 %; Ph, C02Me, C02Me, 24%; Ph, COMe, H, 40%; Ph, COPr, H, 57%; H, 
C02Me, H, 10%; Me, COzMe, H, 63%; COzMe, COzMe, H, 63% [25]. 

2-Tri-n-butylstannyltetrazole (3) (R2 = lJ) [24] 

A mixture of 1H -tetrazole (0.212 g, 3.03 mmol) and tri-n-butylstannyl oxide 
(0.902 g, 1.51 mmol) in ethanol (2.5 mi) is refluxed under nitrogen (2 h), and 
the solvent is removed to give tbe product as an oil. 

General procedure: ring-opening of epoxides [24] 

A so!ution of (3) and the epoxide (1.0-2.5 mol eq.) in diethyl ether (l-2 mi 
per millimole of tetrazole) is stirred at room temperature until no more (3) 
remains (TLC, 1H NMR). Excess gaseous HCl or glacial acetic acid is added, 
the mixture is stirred ( 1 -2 h), and the solvent is removed. The products are 
isolated by column chromatography on silica gel H (type 60) or alumina 60H 
(basic; type E). It may be necessary to prewash with cold light petroleum 
(b. 60-80'C) to remove stannyl salts. 

1-(2-Hydroxyethyl)tetrazole. The 2-tri-n-buty lstannyltetrazole ( 4.60 g, 
12.8 mrnol) and ethylene oxide ( 1.6 mi, 32 mmol) are stirred in ether (1 O mi) 
for 43 h. Quenching with acetic acid (0.73 mi, 12.8 mmol) followed by washing 
with petroleum, and chromatography on alumina, gives the product (0.415 g, 
28%) as an oil. 

1-Vinyltetrazole (4) (R2, R4, R5 = H) [24] 

1-(2-Hydroxyethyl)tetrazole (0.690 g, 6.05 mmol) is allowed to react with 
methyltriphenoxyphosphonium iodide (3.42 g, 7.56 mmol) in DMF (lO mi) at 
room temperature (4 h). The solution is then poured into 10% aqueous sodium 
hydroxide and again stirred at room temperature (27 h) befare continuous ether 
extraction and chromatography on silica gel, to give pure 1-vinyltetrazole 
(0.400g, 69%). 

Photolysis of 1-viny/tetruzole [24] 

A solution of 1-vinyltetrazole (0.191 g, 1.99mmol) in ethanol (l50mi) is 
irradiated with light of 254 nm in a quartz vessel with nitrogen passing through 
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the solution (40 min). The solvent is removed in vacuo and the residue distilled 
at 75°C/0.33 mmHg to give imidazole (0.043 g, 32%), m.p. 86-89oC. Simi­
larly prepared are 4-methyl- (62%), 2,4-dimethyl- (73% ), 2-phenyl- (61 %), 
4-methyl-2-phenyl- (66%) and 2,4-diphenylimidazoles (66% ). 

Suitably substitutcd tetrazolium salts are transformed by aqueous base into 
4-imidazolones, e.g. 1 ,5-dimethyl-4-phenacyltetrazolium bromide, heated in 
sodium bicarbonate for 15-20 min at 80-1 OOOC gives 1 ,2-dimethyl-5-phenyl-
4-imidazolone in 48% yield [26]. 

6.1.2.4 Benzimidazoles 

A seldom used route to imidazoles which may have the occasional application 
is that which oxidizes a benzimidazole to give the imidazole-4,5-dicarbox.ylic 
acid. Either chromic acid or 30% hydrogen peroxide is effective, hut N­
suhstituted benzimidazoles cannot be con verted in the same way [27, 28]. 

lmidazole-4,5-dicarboxylic acid [281 

To concentrated sulfuric acid (70 rnl) and water (55 ml) at 90oC is added 
benzimidazole (5 g), followed by powdered potassium dichromate (37 g). After 
10- 15 min the reaction is quenched carcfully with water. The product is 
filtered, and washed with water in about 70% yield, m.p. ~ 290oC (dec.). 
Similar oxidation of 2-methylhenzimidaJ.ole gives 2-methylimidazole-4,5-
dicarboxylic acid (52%). 

6.1.2.5 lsoxazoles 

Under conditions of thermolysis, photolysis and hydrogenation certain 
isoxazoles can be converted into imidazoles. For example, merely heating 
5-amino-3,4-dialk.ylisoxazoles at 180-190oC gives 40-65% yields of 4,5-
dialkylimidazolin-2-ones in what initially appears to he a Dimroth-type 
rearrangement. Compounds such as 4-mcthyl-5-propyl-, 4-butyl-5-propyl , 
5-henzyl-4-methyl-, 4,5-dimethyl- and 4-ethyl-5-methylimidazoles can be 
formed in the same way, but only if urea is present and if the reaction is 
carried out in the condensed phase. Without the added urea (oran arylamine) 
the yields are only 40-65%; with urea they reach 70-90% [29-31]. · 

Of rather more synthetic importance are reactions which hydrogenate amides 
of 4-arninoisoxazoles (6) to form a-(acylarnino)enarninones (7) which cyclize 
in the presence of bases to give 4-acylimidazoles (8) (Scheme 6.1.3). In terms 
of the final cyclization step, this reaction could well be classified under 1,2 
bond formation (see Section 2.1.1). Its importance lies in its general applica­
bility to the synthesis to 4-acylimidawles (Tahles 6. 1.1 and 6.1.2); indeed, it 
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R• 
R• CORS R•liHCOR2 

Pd/OH2 )[N 
NII(==<NIICQR2 

Na OH 
EtOH t. RSQC N~R2 O R~ 

H 
(6) (7) (8) 

Scheme 6.1.3 

TABLE 6.1.1 
4(5)-Acylirnidazo1es (8) made from isoxazole amides (6) [32, 33] 

R2 R4 Rs Yield (%) 

H H H 79 
Me H H 45 
H H Me 98 
Me H Me 78 
CH20Me H Me 70 
CHzNMez H Me 52 
Et H Me 93 
iPr H Me 95 
tBu H Me 98 
Ph H Me 80 
CF3 H Me 83 
H Me H 86 
Me Me H 74 
Ph Me H 67 
Me Ph Ph 91 

TABLE 6.1.2 
1-Substituted 4(and 5)-acylimidazo1es [32] 

RI R2 R4 Rs Yie1d (%) 

CH2Ph H H H 53 
Me Me H Me 55 
CH2Ph Me H Me 62 
CH2Ph H Me H 85 
CH2Ph Me Me Il 92 
CH2Ph H CHO H 66 
CH2Ph Me CHO Me 18 

appears to be the method of choice. The required 4-aminoisoxazole starting 
materials can he made quite simply by reduction of 4-nitroisoxazoles (made by 
direct nitration of isoxazoles [32]). They are then acylated, hydrogenated, and 
the open chain products (7) heated with base, usually without prior isolation. 
If the amino group of the original 4-aminoisoxazole carries a substituent, the 
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ultimate products will be 1-substituted-5-acylimidazoles, a suhstitution pattem 
not readily achieved by altemative methods (except via 5-lithioimidazoles, 
and from sorne 4-acylimidazoles by sequential N-acylation, N-alkylation and 
deacylation of the 3-acyl-1-alkylimidawlium salt [32]). The 2-substituent is 
derived from the acylating agent, while the substituents at C-4(5) and on 
the adjacent acyl group come from the original 3- and 5-substituents of the 
isoxazole. The 1-substituent is limited only by what groups can he placed on 
the amino group of the 4-aminoisoxazole. Simple alkyl and aralkyl groups 
can be readily introduced, but hindered alkyl and ary1 groups will cause 
sorne difficulty. The method can he adapted to give 1,4 regiochemistry of 
the acyl group if C-5 of the imidazole is unsubstituted. This is similar to 
the usual product of alkylation of a 4(5)-acylimidazole (see Section 7.2). The 
nitrogen suhstituent in this instance must be derived from a primary amine 
sufficiently nucleophilic to add to the ,8-position of a ,8-amino-a,,B-unsaturated 
ketone. Only 1 ,5-disubstituted and 1 ,2,5-trisubstituted 4-acy1imidazo1es cannot 
be made using this chemistry [32, 331. 

N-(5-Methyl-4-isoxazolyl)acetamide (6) (Ir= H; R2, R5 =Me) [321 

4-Amino-5-methylisoxazole hydrochloride ( 1.35 g, 1 O mmol) is treated with 
sodium acetate (0.820 g, 1 O mmol) and excess acetic anhydride (5 mi) in glacial 
acetic acid (45 ml) at room temperature (2 h). Concentration at reduced pres­
sure gives a residue which is taken up in diethyl ether, dried (MgS04 ) and 
filtered. The fi1trate is rotary evaporated before removal of traces of acetic 
acid under high vacuum to give a white salid (1.38 g, 98%), m.p. 94-97'C. 

General procedure for isoxazole -imidazole interconversion [32] 

The 4-(acylamino)isoxazole (6) is hydrogenated at 40 psi (580 bar) over 10% 
palladium on carbon (25-50% w/w) in ethanol e~ 10 mi per millimole of reac­
tant). After about 1 h the reaction is usually complete (TLC. MeOH · CHCh 
(1 :9)), when the cata1yst is filtered off and washed with ethanol. lf the reac­
tion is found to be incomplete after 1 h a second portian of 10% palladium on 
carbon is added and hydrogenation is continued for another hour. The filtrate 
containing (7) is treated with sodium hydroxide pellets (1.1 eq.) at refiux (1 h), 
solid ammonium chloride (1.2eq.) is added, the reaction is allowed to cool 
to ambient temperature, and the ethanol is removed in vacuo. The residue 
is slurried in acetone, the mixture is filtered, and the filtrate is concentrated 
to give the crude product, usually as a salid. Flash chromatography [34] or 
recrystallization gi ves the imidazoles (8). (Se e Table 6.1.1.) 
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N-( 4-/soxazolyl)formamide [32] 

4-Aminoisoxazole hydroch1oride (1.33 g, 11 mmol) is refluxed (24 h) in 
a mixture of forrnic acid ( 11 mi) and ethyl forma te (110 ml). After 
concentration of the mixture in vacuo the resulting oil is diluted with 
to1uene and re-evaporated to give a dark tan solid. Flash chromatography 
[34] (Me0H-CHCI3, 5:95) gives the product (l.09g, 89%), m.p. 125-
129"C. Further purification can be achieved by recrystallization from 
cyclohexane-ethy1 acetate. 

/midazole-4-carbaldehyde (8) (R2, R4, R5 = H) [32] 

This is made from N-(4-isoxazo1y1)forrnarnide by the above general procedure 
with the modification that the interrnediate a-arnino-a,,B-unsaturated aldehyde 
(7) (R2, R4, R5 = H) precipitates. In consequence, the catalyst is not filtered 
off until after the sodium hydroxide treatment and arnmonium chloride quench. 
The yield after flash chromatography [34] (MeOH-CHC13, 1 :9) is 79%, 
m. p. 170-171 "C. 

4-(N-Benzylamino )isoxazole [32] 

4-Aminoisoxazo1e hydrochloride (0.603 g, 5 mmo1), sodium acetate (0.410 g, 
5 mmo1) and benzaldehyde (0.584 g, 5.5 mmo1) are dissolved together in 
methano1 (50 ml). After 15 min al room temperature, sodium cyanoborohydride 
(0.346 g, 5.5 mmol) is added in one portian and the mixture is allowed 
to stand (4 h) befare concentration in vacuo. The residue is taken up ín 
saturated sodium bicarbonate solution (25 ml), and extracted with chloroforrn 
(3 x 20 ml). The extracts are dried (MgS04 ), fi1tered and rotary evaporated. 
The residue, dissolved in ethanol, is treated with 12M hydroch1oric acid ( 1 ml) 
and evaporated to give a sol id which recrystallizes hum isopropanol (lO m1) 
as off-white crystals (0.242g, 23%), m.p. 159-16l"C. A second crop can be 
obtained on concentration ofthe fi1trate, drying thc rcsidue under high vacuum, 
and slurrying it in ether to yield further product (0.646 g, 61 %). 

N-Benzyl-N-(4-isoxazolyl)formamide [32] 

This is prepared from 4-(N-benzy1arnino)isoxazole by the same procedure 
as for N-(4-isoxazo1y1)forrnarnide above. Thus, reaction of 4-(N­
benzylamino )isoxazole (0.843 g, 4 mmo1) gives, after flash chrornatography 
[34] (ethy1 acetate-isopropy1 ether, 2:8), a yellow so lid (0.714 g, 88%), 
m.p. 71-73"C. 
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1 -Ben:zylimid.azole-5-carbaldehyde [32] 

This is prepared from N-benzyl-N-(4-isoxazolyl)formamide by the general 
procedure lo give a yellow oil (after flash chromatography) which solidifies 
on standing (53%). The product is recrystallized from penlane, m.p. 53-55·c. 

1 -Benzylimidazole-4-carbaldehyde [32] 

N-(4-lsoxazolyl)formamide (0.672g, 6mmol) is hydrogenaled al 45psi 
(650 bar) over 10% palladium on carbon (0.350 g) in melhanol (60 mi) at 
room temperature. If after 1 h the reaction is incomplete, a second portien of 
catalysl is added and hydrogenalion is repealed (1 h). The catalyst is filtered 
off, washed well with methanol, and the filtrale is treated with benzylamine 
(6.43 g, 60 mmol) and stirred al room temperature (20 h). Sodium hydroxide 
(0.264 g, 6.6 mmol) is added, and the mixture is warmed lo reflux and 
maintained at that temperature (2 h), before addition of ammonium chloride 
(0.385 g, 7.2 mmol). After cooling to room lemperature the methimol is 
rotary evaporated, and the residue is dissolved in ethyl aceta le (50 ml) and 
washed with saturated ammonium chloride solution (5 x 25 ml) to remove 
umeacled benzylamine. The ethyl acelate solution is dried (MgS04 ), filtered 
and concentrated in vacuo to an orange oil which still contains a considerable 
quantity of the benzylimine of the desired carbaldehyde. Thus, the oil is 
dissolved in 3M hydrochloric acid (lO ml) and stirred at room lemperature 
(16 h), then neutralized with solid sodium carbonate, and extracted with ethyl 
acetate (3 x 25 mi). The extract is dried, filtered and again concentrated to 
an orange oil, which on flash chomalography [34] (ethyl acetale-isopropyl 
ether, 1:1 and then ethyl acetale) gives the product (0.738g, 66%) as a paJe 
yellow oil. 

4-Acetylimidazole (8) (R2, ~ = H; R5 =M e) [32] 

4-Arnino-5-methylisoxazole hydrochloride (0.777 g, 5.77 mmol) is heated 
at 9o·c (4 h) in triethyl orthoformatc (6 ml). After standing ovemight 
at room lemperature, the solvenl is removed and the residue is flash 
chromalographed (methanol-chloroform, 2.5:97 .5) to give methyl N-(5-
methyl-4-isoxazolyl)methanimidoate (0.421 g, 52%) as a yellow oil. This 
imidale is then hydrogenaled al 15 psi (220 bar) over 10% palladium on 
carbon (0.1 00 g) in methanol. After 0.5 h and 2.5 h additional portions (0.1 00 g) 
of catalyst are added. At the end of 3.5 h of hydrogenalion the catalyst is 
removed by filtration and the filtrale is reftuxed (18 h). Concentration of 
the mixture in vacuo and flash chromatography (methanol-chloroform, 1 :9) 
of the residue gives 4-acetylimidazole (0.078 g, 23%) as an off-white solid, 
m.p. 153-156·c. 
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N-(5-Methyl-4-isoxazolyl)acetamide (6) (Ir= H; R2, R5 =Me) [32] 

4-Arrúno-5-methylisoxazole hydrochloride (1.35 g, 10 mmol) is treated with 
sodium acetate (0.820 g, lO mmol) and excess acetic anhydride (5 ml) at room 
temperature (2 h). The rrúxture is then concentrated under reduced pressure, 
and the residue is taken up in diethyl ether, dried (MgS04), filtered, and the 
fi.ltrate concentrated in vacuo befare removal of traces of acetic anhydride 
under high vacuum. The product is isolated as a white so lid (1.38 g, 98% ), 
m.p. 94-97"C. 

4-Acetyl-2-methylimidazole (8) (Ir= H; R2, R5 =Me) [32] 

This is made by the general procedure above in 37% yield, m.p. 128-130°C, 
recrystallized from ethyl acetate-isopropyl ether. 

1,4-Diacetyl-2-methylimidazole [32] 

4-Acetyl-2-methylirnidazole (2.50 g, 20.1 mmol) and triethylarrúne (2.24 g, 
22.1 mmol) are combined in chloroform (1 00 ml), and acetyl chloride (1.74 g, 
22. 1 mmol) is added dropwise. After 4.5 h the reaction mixture is washed 
with water (3 x 50 ml) and dried (MgS04 ). Filtration and concentration of the 
fi.ltrate gives a light yellow salid (2.39g, 71%). 1 H NMR: 2.50 (s, 3H), 2.60 
(s, 3H), 2.65 (s, 3H), 7.77 (s, IH). 

5-Acetyl-1,2-dimethylimidazole [321 

The ahove crude product (2.39 g, 14.4 mmol) is dissolved in chloroform (30 ml) 
and stirred at room temperature (24 h) with trimethyloxonium tetrafluoro­
horate (2.34 g, 15.8 mmol). A further portian (1.17 g, 7.9 mmol) of methylating 
agent is then added. After 20 h the mixture is concentrated in vacuo and the 
residue is dissolved in water. The solution is made basic with salid sodium 
carbonate, and extracted with chloroform (5 x 25 ml). The combined extracts 
are dried (MgS04 ), concentrated to a brown oil, and flash chromatographed 
(methanol-chloroform, 5:95) to give a pale yellow solid (1.30g, 65%), 
m.p. 80.5-8ISC. The same product can also be made in 55% yield rather 
more directly from 5-methyl-4-(methylamino )isoxazole. 

When 3,4-disubstituted 4-arninoisoxazolin-5(4H)-ones (9) are hydro­
genated, and then subsequently recyclized, high yields of imidazoles (10) 
are obtained (Scheme 6.1.4). The starting materials can he readily made 
from isoxazolin-5(4H)-ones by sequential bromination, reaction with sodium 
azide and conversion of azide into arnino by reaction with hydrobromic 
acid in acetic acid. The amines are then converted into formarrúdine or 
acetarrúdine derivatives with DMF or dimethylacetamide under refiux in 
phosphoryl chloride-chloroform. Yields at this stage are 50-93%. Catalytic 
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hydrogenolysis of the N-0 bond is followed by decarboxylation, cyclization 
and elimination of dimethylarnine under the infiuence of hydrobromic and 
acetic acids. The recyclization ultimately forms thc 1,2 bond. A wide variety 
of imidazoles (10) with R2 , R4 = H, alkyl and R5 = aryl, alkyl can be made 
by this method, though the 2-substituent seems limited to hydrogen or methyl 
at this stage [35]. 

!. H2/Pd/C 
R• r-N 
R'_)(N~R2 (90-95<¡¡;) 2. lffir,HOAc 

H 

(9) (10) 

Scheme 6.1.4 

6.1.2.6 Oxazoles and oxazolines 

There is a long history of oxazole-imidazole interconvcrsion [36]. The 
oxazoles can be heated with ammonia, formamide, hydrazine (to give 1-
aminoimidazoles) and primary amines, often in the presence of a Brf)nsted 
acid [37-39]. Yields are improved if formamide is used rather than ammonia, 
or with mixtures of these reagents at elevated temperatures (140- 21 o· e) in 
an autoclave [36, 40]. The reaction fails with 2,4,5-triethyloxazole and with 
benzoxazole, rendering it normally unsuitable for benzimidazole synthesis (hut 
see below). Aliphatic groups in the 2- and 5-positions of oxazole apparently 
cause sorne steric hindrance to the reaction since such substrates react only 
with difficulty with formamide at 140CC, but elevation of the temperature to 
200- 210·c and the use of a mixture of formamide and ammonia seems to deal 
satisfactorily with such recalcitrant oxazoles [40, 411. Aryl and halogenoalkyl 
groups in the 4 position assist the transformations presumably by lowering 
electron density at the annular oxygen. The mechanism probably involves 
amine attack at C-2 of the oxazole with ring opening of the C(2)-0 bond 
[15, 42, 43]. 

1. RINJJ,,EtOH 

2. conc. H,so, 

Scheme 6.1.5 

Oxazolium salts, too, are similarly converted into imidazoles under 
relatively mild conditions (Scheme 6.1.5) [44-47]. Simple primary aliphatic 
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amines need only to be stirred in ethanol for half an hour to form 
the 4,5-dihydroimidazolium salt, which is aromatized by treatment with 
concentrated sulfuric acid. More hindered amines react more slowly to form 
open-chain benzamidines which are readily cyclized by the acid [44]. 4-
CarbomethoxyoxaJ.oles are also a source of a-acyl-a-amino acid esters, which 
react with thiocyanates to give imidazoles [ 48] (see Section 4.1 ). 

Imidazoles can also be made by heating 4-tosyloxazolines in saturated 
methanolic arnmonia or monoalkylamines. These reactions proceed 
through intermolecular condensation of a-aminoketones and amidines 
and intramolecular cyclization of a-amidinoketones, respective! y [ 49] 
(see Section 4.2). When N-unsuhstituted 4-oxazolin-2-ones are added to 
isocyanates, the 2-oxo-4-oxazoline-3-carboxarnide products cleave under the 
influence of strong acids and heat. Subsequent ring closure gives 4-imidazolin-
2-ones in good yields (44-98%) [50]. Base-catalysed rearrangement of 
5-methylaminohenzoxazole gives 4-hydroxy-1-methylbenzimidazole (85% ). 
This reaction depends on ring-opening of the C-0 bond and recyclization 
with the 4-methylamino group [51]. 

2,4,5-Triphenylimidazole [41] 

2,4,5-Triphenyloxazole (5 g), formamide ( 40 g) and liquid arnmonia ( 100 rnl) 
are heated in an autoclave at 200-210oC (5 h). The brownish reaction 
product is poured into water, and the ftocculent precipitate is filtered, 
washed with water and recrystallized from ethanol (4.3 g, 85%), m. p. 273°C. 
Similarly prepared are 2,5-diethyl-4-phenyl- (25%), 2-methyl-4,5-dipropyl­
(70%) [41], 4-ethyl-5-phenyl- (50%), 4-phenyl-5-propyl- (40%) and 4-benzyl-
5-ethyl imidazoles (5%) [40). From 2-methyloxazole-4-carboxylic acid boiled 
at 150oC in a sealed tube with aqueous arnmonia is obtained 2-methylimidazole 
(22%); boi!ing with aniline gives 2-methyl-1-phenylirnidazole (67%) [52]. 

3-Benzyl-1 ,4,5-triphenylimidazolium perchlorate [44] 

Benzylamine (0.28 g, 2.5 mmol) is added dropwise to a suspension of 3,4,5-
triphenyloxazolium perchlorate (0.56 g, 1.4 mmol) in ethanol at 20°C. The 
solution is stirred (2 h), then evaporated in vacuo. The resulting gum is warmed 
with concentrated sulfuric acid (15 min) before addition of cold water, to 
precipitate the product, which is recrystallized from isopropanol (40%), 
m.p. 207-212CC. 

6.1.2.7 Thiazoles 

5-Amino-1 ,3-thiazoline-2-thiones undergo Dimroth rearrangement to give 
imidazole-2,5-dithiols in a reaction which does not appear to have 
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much synthetic potential [53]. A similar rearrangement of 5-arninothiazoles 
in a basic medium givcs imidazole-5-thiols by clectrocyclic ring 
opening and ring closure of the dianion which forms [54]. With mild 
alkali, 5-arnino-2-methylarninothiazoles give 5-arnino-1-methylimidazolin-
2-thiones, e.g. in 10% aqueous sodium carbonate at reflux for a 
few minutes 5-arnino-2-mcthylarninothiazole is converted into 5-amino-1-
methylimidazolin-2-thione (65% ). In contrast, 2-acylarnino-5-arninothiazoles 
rearrange to 5-acylaminoimidazolin-2-thiones [55]. Aryl isocyanates convert 
2,4-disubstituted thiazole N-oxides into imidazole-5-thiols (the 2,5 isomers are 
unreactive). This Iatter reaction has sorne application for making imidazole-5-
thiols; the initial reaction products are bis-(5-imidazolyl)disulfides, which are 
converted by Iithium aluminium hydride into the thiols. Air oxidation reverses 
the process [56]. Reaction of a 5-arnino-4-tosylthiazole with more than one 
equivalent of butyllithium gives the dianion, which rearranges and reacts with 
acid to give a 4-tosylimidazolc-5-thiol in 85-95% yield [56]. 

6.1.2.8 Oxadiazoles or thiadiazoles 

Ring transformation of 2-arnino-3-phenacyl-1 ,3,4-oxadiazolium halides with 
amines, Iiquid ammonia or heterocyclic bases gives 1-acylarnino-2-amino-4-
arylimidazoles [57]. When treated with an a-halogenoketone in ethanol 2,5-
diamino-1,3,4-thiadiazolcs form salts, which react with hydrazine hydrate to 
give 1-aminoimidazolin-2-thiones [58]. 

6.1.3 Ring contractions 

There are considerable data available on imidazole formation by ring 
contractions of pyrimidincs, pyrazincs and triazines [15, 43, 59-61]. Few 
of the reactions, however, have synthetic potcntial except perhaps for the 
thermolytic conversions of azidopyrimidines and azidopyrazines into 1-
cyano-substituted imidazoles, and the reactions of chloropyrimidines and 
chloropyrazines with potassium amide in Iiquid ammonia to give 4- and 2-
cyanoimidazoles, respectively. Ring contractions of quinoxaline ]-oxides may 
also have sorne applications. 

6.1.3.1 Pyrimidines 

When treated with potassium amide in liquid arnmonia, suitably substitutcd 
and activated pyrimidines are converted into imidazoles, a ring contraction 
which has been shown by 14C labelling to involve cleavage of the 5,6 bond 
(Scheme 6.1.6). 5-Amino-4-chloro-2-phenylpyrimidine is converted under the 
reaction conditions into 4-cyano-2-phenylimidazole in 30-35% yield, rather 
better than is achieved by Comforth's method (using arninoacetonitrile with 
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an imidate [62]). 4-Chloro-5-methyl-2-phenylpyrimidine is similar] y con verted 
into 4-ethynyl-2-phenylimidazole (30-35%) (Scheme 6.1.6) [63, 64]. 

(R=NH2,Me) 

KNH2,NH¡ 

-33°C 

5% NaOH(aq.) 

FIOH 

Scheme 6.1.6 
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When 4- or 6-azidopyrimidines are pyrolysed in the gas phase they are 
transformed into 1-cyanoirrúdazoles, usually in 80-90% yields. Since the 
azidopyrimidines are easily prepared from the chloro precursors, this method 
has sorne synthetic interest. Examples of 1-cyanoimidazoles made in this way 
include the 2,4-dimethoxy (12%) and 4-methyl-2-methylthio (88%) derivatives 
(Scheme 6.1.6) [65-67]. 

The few cxamples of photochemical ring contractions of 1,3-diazines into 
imidazoles have no obvious synthetic importance [68]. 

Ethanolic sodium hydroxide converts 5-acylaminopyrirrúdin-4(3ll)-ones 
(including acylated uracils) into 4-carbamoylirnidazoles (11) in quite good 
yields (Scheme 6.1.6), e.g. (11), (R1, R2 , R3 , yield given): Ph, Me, Me, 81 %; 
Me, Ph, Me, 70%; Me, Ph, Ph, 44%; Me, Me, Me, 44%; Ph, Me, Ph, 34%. 
If there is no R 1 substituent on the uracil, N -unsubstituted (11) are formed 
(51-84%) [69, 70]. 

A variety of oxidative metal salts in alcoholic solution are capable of 
converting 5-amino-6-methyl-3-phenylpyrirnidin-4(3H)-one into 2-alkoxy­
imidazoles (51-71% yields) [71, 73]. 
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2,5-Dímethyl-4-methylcarbamoyl-1-phenylimidazole (11) (R 1 = Ph; R2, 

R3 =Me) [70] 

A mixture of 5-acetamido-3,6-dimethyl-l-phenyluracil (0.500 g, 1.83 mmol), 
5% aqueous sodium hydroxide (5 mi), and ethanol (30 ml) is reftuxed (3 h), 
thcn coolcd and neutralized with 5% aqueous hydrochloric acid solution. 
Extraction with chloroform, drying thc extracts (MgS04 ), and concentration in 
vacuo gives the product, which is recrystallized from benzene (0.339 g, 81 %), 
m.p. l54-156"C. 

2-Metho.xy-5-methy/-4-phenylcarbamoylimidazole (11) (R 1 = H, R2 = OMe, 
R3 = Ph) [73] 

Anhydrous zinc chloride (0.2 mol eq.) and phenyliodine(III) diacetate 1721 
(1.2 mol eq.) are added to a solution of 5-aminopyrimidin-4(3H )-onc (0.100 g, 
0.5 mmol) in dry methanol ( 10 ml), and the mixture is stirred (1 h) at room 
temperature. The rcaction mixture is then poured into water and cxtractcd 
with dichloromethane. The extracts are dried (MgS04), filtercd and evapo­
rated. The residue is purified by column chromatography on silica gel using 
hexane-ethyl acetate (2: l) to give the product (0.118 g, 57%). 

6. 1.3.2 Pyrazines 

The photochemical rearrangement of pyrazine N-oxides and 2,3-
dihydropyrazines to imidazoles scems to have no useful synthetic application 
174 76]. Of more interest are the conversions of 2-azidopyrazines and their 
N -oxides. Thus, 2-azidopyrazine 1-oxide heated in benzene gives 2-cyano-1-
hydroxyimidazole (83%); 2-azidopyrazine heated at 220oC in acetic acid gives 
1-cyanoimidazole (70%) [77-81]. The reactions prohably proceed through 
nitrene intermediares. Azidopyrazines are readily made by heating the chloro 
analogues with sodium azide in DMF; yields are usually good (62- 81% ). 
Photochcmical transformations give lower yields and mixtures. 

Chloropyrazines undergo ring contraction when treated with potassium 
amide in liquid ammonia. The reactions resemb1e those of pyridines and 
pyrimidines, and may be useful for making 2-cyanoimidazoles despite thc 
formation of product mixtures and low yields. For example, 2-chloropyrazine 
is convcrted into a mixture of 2-aminopyrazine (15%), imidazole (14-15%) 
and 2-cyanoimidazole (30-36%)_ [82]. In a similar experiment, 2-cyano-4-
phenylimidazole (19%) can be ohtained ]83]. 

2,5-Díalkyl-1-cyanoimidazoles [79, 80] 

A 2-azido-3,6-dialkylpyrazine (3-5 g) is heated at 240oC on a metal bath 
(30-60s). After cessation of nitrogen evolution, the crude 1-cyanoimidazole 
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is distilled undcr reduced pressure as a paJe yellow solid or colourless oil. 
Prepared in this general way are the following 1-cyanoimidazoles (2-, 4- and 
5-substituents, yield givcn): Me, H, Me, 89%; Et, H, Et, 93%; Pr, H, Pr, 91 %; 
iPr, H, iPr, 96%; Bu, H, Bu, 90%; sBu, H, sBu, 88%; H. Ph, Me, 92%; Me, 
H, Ph, 89%; Ph, H, Me, 74%; Me, Ph, H, 90%; Ph, Me, H, 76%; H, Ph, Ph, 
92%; Ph, H. Ph, Yl %; Ph, Ph, H. 91%. 

2,5-Dialkyl-4-ch/oro-1-cyanoimidazoles [81] 

A monoazidomonochloropyrazine (O.IOOg) is heated in a test tube at 220oC 
in a metal bath. The reaction is complete in a moment with explosive gener­
ation of nitrogen. After cooling, the product is purified by silica gel column 
chromatography (5 g), eluting with hcxane containing an increasing amount of 
ethyl acetate. Made in this way are the following 4-chloro-1-cyanoimidazoles: 
2.5-dimethyl (80%), 2,5-diethyl (39%), 2,5-dipropyl (77%), 2,5-dibutyl (68%), 
2,5-diisobutyl (89%) and 2,5-diphenyl (61%). 

6.1.3.3 Other six- and seven-membered rings 

Under reducing regimes sorne 1,3,5- and 1,2,4-triazines ring contract 
to imidazoles [84-86], but thcre is no obvious synthetic importance. 
When a-halogenooximes react with arnidines, they appear to form 4H-
1 ,2,5-oxadiazines, which are deoxygenated by iron carbonyls to give 
2,4-disubstituted imidazoles in good yields [87). Thermal rearrangemcnt of 
1ll-1,4-diazepine-7(6H)-thiones occurs on brief heating at 120oC in DMSO 
to give 1-vinylimidazole-2(3H)-thiones in 92-95% yields [88]. 
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6.2 BENZIMIDAZOLES 

6.2.1 From imidazoles 

Reactions which ring close on to a preformed imidazole ring are quite 
uncommon since they normally require at least one aldehyde group on the 
imidazolc substrate at C-4 and/or C-5. Reactions of this typc havc bccn used 
to make 7-alkylbenzimidazoles [1), and 5,6-diacylbenzimidazoles have bccn 
made in good to poor yields by condensing an imidazole-4,5-dicarbaldehyde 
with a suitable sulfide or sulfinyl reagent. Base-catalyscd sulfur extrusion from 
an intermediare irnidazothiepin is probably involvcd in this latter examplc [2]. 

6.2.2 From 1-aryltetrazoles 

There are reports that benzimidazoles can be made by cyclization of N­
arylimidoyl nitrencs generated by photolysis of sulfimides of 1-aryltetrazolcs 
[3, 4]. These should be comparcd to the related imidazole synthesis in 
Section 6.1.2.3. Examples include the formation of 2-phenylbenzimidazole 
(42%) from 1,5-diphenyltetrazolc [5], and 5-phenoxybenzimidazole (36%) 
from 5-phenoxy-1-phenyltetrazole [6]. These reactions havc Iittle apparcnt 
synthetic importance. 

6.2.3 From 1-(2-nitroaryl)-1.2.3-triazolines 

A seemingly practica] cntry to 1-alkyl-2-aminobenzimidazoles (2) cyclizes 5-
arnino-l-(2-nitroaryl)-1,2,3-triazolines (1) in the presence of triethylphosphite 
(Scheme 6.2.1 ). The starting triazolines are readily made from an aldehydc, 
sccondary amine and arylazide in an inen solvent. In the one-pot reaction thc 
triethylphosphitc serves to reduce the nitro group to an amino group as wcll 
as assisting the cyclization [7]. 

General procedure for synthesis of 1-alkyl-2-aminobenzimidazoles (2) [7] 

A mixture of the triazoline (10 mmol) and triethyl phosphite (20 mi) is refiuxed 
(10-30h) under an incrt atmosphere. When the amidine intermediare is no 
longer detectable (TLC, 40% ethyl acetate-cyclohexane) the solution is rotary 
·evaporated, and the crudc residue is chromatographed on a silica gel column 
using the same solvent as for TLC. The first fraction (minor) is unchanged 
amidinc; the second fraction contains the benzirnidazole (2) in 60-95% yield. 
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Prepared in this way are the following (2) (X, Y, R1
, R2

, NR3
2 , yield 

given): MeO, H, Me, Me, N(CH2Phh, 69%; MeO, H, Me, Me, rnorpholino, 
65%; H, H, Et, H, rnorpholino, 73%; H, H, Et, H, NMe2, 60%; H, H, 
Me, H, rnorpholino, 62%; H, H, Me, Me, pyrrolidino, 83%; H, H, Ph, H, 
morpholino, 95%. 

6.2.4 From aryl-1 ,2,4-oxadiazol-5-ones 

Pyrolysis of 3,4-diaryl-1,2,4-oxadiazol-5-ones at 190-260°C gives 2-
arylbcnzimidazoles, usually in rnoderate to good yields. Thc starting 
oxadiazolones can be made quite easily from N-hydroxy-N'-arylamidines 
and cthyl chloroformate, thereby giving sorne value to this approach to 
bcnzirnidazole synthesis [8, 9). Yie1ds of 2-arylbenzimidazoles are usually in 
the range 70-90%, e.g. 2-phenyl-4-methyl- (91%), 2-phenyl-4-nitro- (78%), 
2-phenyl-5-nitro- (75%), 2-(p-nitrophenyl)- (74%) and 2-(p-mcthoxyphenyl)­
benzirnidazoles (14%) [8]. Modifications of thc method have included 
peroxidc-induced thermolysis and photolysis of oxadiazolones and the 
analogous thiones in dioxane solution [10, 111. 

6.2.5 From benzo five-membered heterocycles 

6.2.5.1 lndazoles (cf. Section 6.1.2.1) 

Photolysis of indazole converts it into benzimidazole in 27% yicld. 2-
Alkylindazoles form 1-alkylbenzimidazoles under the sarne conditions, but 
1-alkylindazoles give 2-alkylamino benzonitriles [12, 13]. The reactions 
appear to have little synthetic significance. 

6.2.5.2 Benzoxazoles (cf. Section 6.1.2.6) 

4-Hydroxy-I-methylbenzimidazo1es (4) can be rnade isomerically pure in 33% 
ovcrall yicld from 4-aminobenzoxazoles (3), which are rcadily available by 
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condensation of 2-amino-3-nitrophenol with triethyl orthoformate and reduc­
tion of the nitro group. The sequence alkylates the amino group of (3) and 
then rearranges the methylaminobenzoxazole in base (Scheme 6.2.2). The 
7-hydroxy isomer is formed in a sequence which reduces 4-nitrooxazolc to 
3-nitro-2-methylaminophenol, hydrogenation to the 1,2-diamine, and cycliza­
tion with triethyl orthoformate (1,2 and 2,3 bond formation) [14]. 

(3) 

NaBH. 

EtOH 

(Rt = benwtriaznl-1-yl) 

NHMe 

IYN 
~¿ 

'laOEt 

Scheme 6.2.2 

Me 

(Ir~ 
y-) 

OH 
(4) 

6.2.5.3 Benzofuroxans (benzofurazan 1-oxides, 
2.1 ,3-benzoxadiazole 1-oxides) 

When benzofuroxans (5) are treated with suitable nucleophiles (nitroalkane 
carbanions, barbituric acid, 2,4,6-trialkylhexahydro-1,3,5-triazines, cyanacet­
amidc anions) nucleophilic attack at a ring nitrogen transforms thcm 
into 1-hydroxybenzimidazoles and their 3-oxides (6) [23) (Schcme 6.2.3). 
Benzofuroxan (5) (X= H) is the cyclic tautomer of o-dinitrosobenzenc, and, 
as such, it should be ab1e to react with an active mcthylcne compound to give 
an o-nitrosoanil, and ultimately a benzimidazole N -oxide. Mattcrs are some­
what more complicatcd than this because the nitroso groups can act either 
as electron acceptors or donors, but what is found is that if the active 
methylene group has a good leaving group (nitrile, nitro, sulfone) the product 
will be a 1-hydroxybenzimidazole 3-oxide. If the methylene is activated by 
a keto function, then quinoxaline 1,4-dioxides are likely to be the major 
products [15, 16j. In othcr instances the o-nitrosoanil may merely give the 
1-hydroxybenzimidazole. With a malonyl derivative such as barbituric acid as 
the active methylenc reagent the sole product is the 1-hydroxybenzimidazole-
2-carboxylic acid [ 15, 17, 18). Nitroalkanes or other strong alkylating agents 
such as alkyltriftuoromethyl sulfonates give 2-alkyl-1-hydroxybenzimidazole 
3-oxides [19-21). Phenylsulfonylacetic acid and phenylsulfonylacetophenone 
give the same products [20-22j, while cyanacetamides lcad to 2-carbamoyl 
analogues [24], and formaldehyde gives 1 ,3-dihydroxybenzimidazol-2-ones 
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[25]. Extension of the reactions to a variety of substituted bcnzofuroxans is 
lcss appcaling since synthesis of a range of (5) will be necessary, and these 
will exist in solution as mixtures of tautomers, which will give rise to mixtures 
of benzimidazole N -oxides. 

BBA ------
NaOH.MeOH. 
H20 

-o:N, 
X O 

Ñ 
(BRA = barbituric acid) 

1 

(5) o 

Scheme 6.2.3 

""'• a,N¡ ROI,NO, 

o 

-(JC
~f 

X > -R 
N 

{6) bH 
(60-70%) 

1-Hydroxybenzimidazole 3-oxides (6) (X = H) [26] 

Benzofurazan 1-oxide (5) (X = H) (2.0 g. 15 mmol) in ethanol (50 mi) is 
cooled to o·c and saturated with gaseous ammonia. The primary nitroalkane 
(20 mmol) is then added, and the mixture is kept at room temperature (72 h) 
before evaporation of the solvcnt below 40•c and recrystallization. Prepared 
in this way are (6) (X = H, R. yield given): H, 62%; Me, 64%; Ph, 52% [26]; 
Et, 66%; CHzCH2CONH2 , 70%; COzEt, 35% [20]. 

2-Aminocarbonyl-1-hydroxybenzimidazole 3-oxide (6) (X= H. 
R = CONH z) [24] 

Benzofuroxan (5) (X = H) (13.6 g, 0.1 mol) and souium hydroxide (20 g, 
0.5 mol) are suspended and dissolved respectively in water (100 ml). Then, 
with ice cooling to maintain the reaction temperature between 10 and lS"C, 
a stream of cyanacetamide (25.2 g, 0.3 mol) is addcd o ver 1 O rnin. Aftcr brief 
concentration the sodium salt of (6) separates as a dense yellow precipitare, 
which is collected by suction filtration, rcdissolved in water, and acidified wíth 
dilute hydrochloric acid to give (6) (X= H, R = CONH2) as pale yellow crys­
tals (15 g, 78%) which decompose violently at 219•c. Similarly prepared are 
(6) (X, R, yicld given): H, CONHMe, 59%; H, CONHEt, 72%; H, CONH­
cyclohexyl, 92%; H. CONHPh, 41 %; 6-CI, CONH2, 53%; 6-Me, CONHz. 
32%; 6-0Me, CONH2 , 37%. 
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6.2.6 From benzo six-membered heterocycles 

6.2.6.1 Quinoxalines 

Potassium amide in Iiquid ammonia converts 2-halogenoquinoxalines into 
benzimidazole. The reaction, which resembles that of the analogous pyrazines 
(see Section 6.1.3.2), has no synthetic value [27]. When boiled with aqueous 
methanol 2,3-diphenylquinoxaline 1-oxide ring contracts to form 1-benzoyl-
2-phenylbenzimidazole [28], while methyl quinoxaline-2-carbamate 1-oxide 
gives a quantitative yield of methyl benzimidazole-2-carbamate when photo­
lysed in methanol or dichloromethane in the presence of triethylamine; similar 
photolysis in acetonitrile gives the 1-formyl-2-carbamate [29]. A variety of 3-
substituted quinoxaline 1-oxidcs form 2-substituted benzirnidazole 1-oxides in 
rather poor yields when treated with 30% hydrogen peroxide and potassium 
hydroxide [30, 31]. Thermal decomposition of 2-azidoquinoxaline 1-oxides 
(or the 1,4-dioxides) can be aehieved merely by reftuxing in benzene solution 
for 30 min. lf the azidoquinoxaline oxide is unsubstituted in the 3-position a 
good yield of 2-cyano-1-hydroxybenzimidazole (92%) is obtained [32, 33l 

6.2.6.2 Miscellaneous ring contractions 

4-Azidoquinazolines yicld 1-cyanobenzoyimidazoles almost quantitatively 
when pyrolysed in the gas phase [34]. 

"Mebendazole" (methyl 5-benzoylbenzimidazol-2-yl carbanmte) has been 
made in good yield by treating the appropriate benzo-2,1,4-thiadiazine with 
either mineral acid or triphenylphosphine. The starting materials are easily 
made by dithionite reduction of o-nitro-arylthiocarban10ylcarbamates, and the 
general method can be extended to other mebendazole analogues [35, 36]. 
Reductive ring closures of 3-(4-thiazolyl)benzotriazine 1-oxides, using zinc in 
acetic acid or platinum oxide in ethanol, give thiabendazole derivatives [37]. 
There is a wcll-documented acid-catalysed contraction of 1,5-benzodiazepines 
to benzimidazoles [38, 39]. 
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-7-
Aromatic Substitution Approaches 

to Synthesis 

Although substituents can be introduced prior to ring formation, many precur­
sors are difficult or impossible to prepare, and other substituents may not 
survive the cyclization procedures. Only carbon, oxygen, nitrogen and sulfur 
substituents are commonly introduced befare cyclization, and even these can 
only be introduced to sorne ring positions. For these reasons it is useful to be 
able to introduce a wide range of groups with good selectivity to the preformed 
rings. There is a review artiele which discusses in general terms the introduc­
tion of substituents into azoles [ 1 J, focusing on the various strategies which use 
activating, directing and protecting groups to ensure that mono and regioselec­
tive substitution is achieved. Imidazoles and benzimidazoles are quite prone to 
clectrophilic substitution reactions, and benzimidazoles undergo sorne nucleo­
philic substitutions quite readily. Nucleophilic and radical substitutions are, 
however, Iess well known in these compounds, but there are exceptions which 
may be synthetically useful. 

Electrophilic attack in imidazole is usually most facile at an annular 
nitrogen, and there are many examples of N-alkylation, -protonation, 
-acylation, cyanation, -arylation and -silylation. N-Nitration is much Iess 
common; N -oxidation is virtually non-existent. When an annular nitro gen 
becomes substituted, tautomerism in the molecules is blocked, and mixtures 
of isomers are usually formed with substituted benzimidazoles and 4(5)­
substituted imidazoles. 

Electrophilic substitution on carbon in imidazole is largely restricted to nitra­
tion, sulfonation and halogenation. Acidic electrophiles tend to protonate the 
azole, producing the much less reactive imidazolium species. For this reason, 
Friedel-Crafts reactions are not known, and C-alkyl and C-acyl imidazoles 
must be made by alternative methods. Most electrophilic reactions in irnida­
zole (1) (except for diazo coupling, sorne acylations, and deuterium exchange) 
occur initially at the 4(or 5)-position. 2-Substitution is much more difficult to 
achicve, and in 1-substituted imidazoles C-5 attack is preferred. Strong elec­
tron donors, such as the methoxy group, at C-2 or C-4 of irnidazolc activate 
C-5 to electrophilic attack, while a methoxy group at C-5 activa tes both of the 
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other ring carbon positions. Nitro groups analogously actívate groups a and 
y to themselves to nucleophilic attack. 

In bcnzimidazole (2), electrophilic substitution occurs most rcadily in the 
fused benzene ring, commonly at C-5; a second substituent usually cntcrs 
at C-6, although in al! cases groups already present on the moleculcs can 
substantially modify the usual orientation of substitution. Thus, in benz­
imidazoles, a strongly e1ectron-rcleasing group at C-5 will dircct subsequent 
attack to C-4; e1ectron-withdrawing substituents 1ead to subsequent attack at 
C-4 or C-6. Increased reactivity is achieved if the molecules can be· induced 
to react in their anionic forms: 

Nucleophilic substitution reactions in imidazo!es are confincd 1argely to 
displacements of halogen or suitab1e sulfo groups, but even thesc need to 
be activated by an e1ectron-withdrawing group elsewhere in the mo1ecule, 
or by quatemization. In imidazole and benzimidazo1e the 2-position is thc 
most prone to nucleophilic attack; 2-halogenoimidazo1es are almost as reac­
tive as 2-halogenopyridines. A number of nucleophiles cause ring opcning of 
the molecules, especially under vigorous conditions. Radical substitutions are, 
however, little known, and do not appear to have much synthetic potcntial. 

In summary, substitution processes on the preformed rings usually Iead to 
1-, 2-, 4- and 5-substitution in imidazolc, and 1-, 2-, 5- and 6-substitution in 
bcnzimidazole [2- 8]. 
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In addition to syntheses which are aimed at N-substituted irnidazoles and 
benzimidazoles as the ultimate products, there are many examples ofprocesses 
which introduce a group on toan annular nitrogen either as a "directing agent" 
oras a "blocking agent". Such groups, then, need to be easy to attach and also 
easy to remove without affecting the newly introduced substituent. The use 
of acyl blocking groups for regiospecific synthesis of 1,5-disubstituted irnida­
zoles (see Section 7.1.4), and the variety of blocking groups used in Iithiation 
processes (see Sections 7 .l.l and 7 .2.2) are the most important examples of 
these [1]. 

7. 1.1 N-Aikylimidazoles [2] 

Imidazole alkylations can be carried out under a variety ofreaction conditions. 
For conventional N-alkylations which are unlikely to be complicated in terms 
of regiochemistry, it is preferable to alkylate the imidazole anion (an SE2cB 
process). Such reactions are faster, higher yielding and Iess prone to azole salt 
formation than those in "neutral" conditions. The anion is generated best by 
the use of sodium in ethanol or liquid ammonia, with sodium or potassium 
hydroxide or carbonate, or by use of sodium hydride in dry DMF [3]. Addition 
of the alkylating agent to the deprotonated substrate completes the reaction. 

Recently, Begtrup and Larsen [4] have developed a new approach which 
reportedly allows better control of alkylation (and also acylation and silyla­
tion). The deprotonation and nucleophilic displacement steps are separated so 
that reaction conditions can be better controlled, and reaction capability values 
(or reaction potentials) have been allocated to alkylating agents and solvents. 
These reaction capabilities (which also include temperature and time) are addi­
tive and are normalized to pK. units so that they can be related to the substrate 
acidity. The alkylation capability is considered satisfactory if the yield of 
alkylazole reaches 75% or more under standard conditions. For successful 
imidazole alkylation the relationship helow must hold (methyl iodide is given 
the arbitrary Pa of 7). The advantages of separating the process into two steps 
are that one can choose separate solvents for each step, the destruction of the 
alkylating agent by the base is all but eliminated, and the nucleophilicity of 
the imidazole anion can be solvent enhanced. 

[20- (P.(alkylating agent) + P.(solvent) + P.(temperature and time) 

:S. pK. (acidic) imidazolel 

The deprotonation can be achieved using salid or aqueous alkali metal 
hydroxides, or sodium hydride in DMF or acetonitrile. The approach has, 
however, only limited synthetic application to unsymrnetrically substituted 
imidazoles which give mixtures on alkylation. Quatemization (see later) can 
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be avoided by keeping the sum of the normalized reaction potentials below 
the pK a (basic) value of the 1-alkylimidazole, but if this is not possible, salt 
formation can be minimized by using only one equivalent of the alkylating 
agent and a solvent which readily dissolves the anion. 

Deprotonation [4] 

(a) Aqueous sodium hydroxide (33%, lOrnrnol as determined by titration) and 
the imidazole (10 mmol) are heated to 100•c for 10 min. The solution is cooled 
to 2o·c. and evaporated at 0.5 mmHg until a solid remains. This is dried at 
2oo·c (O. S mmHg) to give the hygroscopic azole sodium salt as a crystalline 
powder (97-98%). 

(b) Solid potassium hydroxide (10 mrnol as determined by titration) and the 
imidazole (lO mmol) are heated ·at 2oo•c (0.5 mmiig) for 0.5 h to produce the 
hygroscopic potassium saltas crystalline lumps (97-98%). 

(e) Dry acetonitrile (20ml) is added with stirring and cooling in an ice 
bath to a mixture of a 55% suspension of sodium hydride in mineral oil 
( 1.57 g) and the imidazole (30.0 mmol) under nitrogen. After stirring (24 h) 
the acetonitrile is removed at 2o·c (l mmHg), and the residue is washed with 
hexane (3 x 4 mi) to give a quantitative yield of the imidazole sodium salt. 

1-Methylimidazole [4] 

lmidazole sodium salt (0.90 g, 10 mrnol), acetonitrile ( 4.3 ml) and methyl 
iodide (0.62 ml) are mixed with stirring at - 25"C in a closed reaction vessel 
[S]. The vessel is kept in the bath while its temperature is raised to 20"C in 
about 1 h. Stirring is then continued at 20"C (72 h). The solvent is removed in 
vacuo at 20"C, the residue is extracted into dichloromethane (3 x 8 ml), the 
solvent is again removed. The resulting product (0.80 g, 98%) is distilled in a 
ball-tube, b10 2oo·c. Similarly prepared is 1-benzylimidazole (94%). 

1-n-Propylimidazole [6] 

lmidazole (13.60g, 0.20mol) is carefully added toa solution of sodium (Sg, 
0.22 mol) in liquid ammonia (300 ml) containing a few crystals of ferric nitra te. 
1-Iodopropane (35.7g, 0.21 mol) is then added over a period of 30min with 
continuous stirring. The ammonia is allowed to evaporate ovemight, water. 
(100 ml) is added, and the solution is exhaustively extracted with chloro­
form. The extracts are dried · (Na2S04), concentrated and distilled to give 
1-n-propylimidazole (15.0 g, 68%), b1.o 70•c. 

1-Benzyl-2,4,5-tribromoimidazole [7] 

A stirred mixture of 2,4,5-tribromoimidazole (50.0 g, 0.16 mol), benzyl 
chloride (20.74 g, 0.16 mol), sodium carbonate (17.37 g, 0.16mol) and DMF 



7.1. SDITHESIS OF N-St:BSTITUTED L\.11DAZOLRS 197 

(100 mi) is heated under reftux ovemight. The cooled mixture is filtered and 
the solvent rotary evaporated. To the residue is added water (50 mi), and 
the resulting oil is triturated until solidification. The water is decanted and 
the residue recrystallized from ethanol to give the product (57 .O g, 90% ), 
m. p. 67 -68·c. 

Both liquid-liquid and solid-liquid phase transfer catalytic methods have 
been successfully adapted to imidazole and benzimidazole alkylation [8, 9]. 
The advantages which accrue are largely a consequence of being able to sepa­
rate the alkylating agent from the basic media used to generate the imidazole 
anion. This helps circumvent the problem of competing basc-induced elim­
inations from the alkylating agents (e.g. t-butylchloride is 1argely converted 
into 2-methylpropene) and leads to increased yields of 1-alkylimidazoles. This 
approach has been comprehensivcly reviewed [10]. 

1-Benzylimidazole (using phase transfer catalysis) [8] 

In a round-bottomed flask provided with a refrigeran!, with a calcium chloride 
tube, and magnetic stirring, is introduced, in arder, xylene (200 mi), imidazole 
(2.04 g, 30 mmol), anhydrous potassium carbonate ( 4.14 g, 30 mmol), 
powdered potassium hydroxide ( 1.68 g, 30 mmol), tetrabutylarnmonium 
bromide (0.48 g, 1.5 mmol) and benzyl chloride (3. 79 g, 30 mmol). After 
14-20 h of heating under refiux, the hot reaction mixture is filtered 
and the residue is washed with warm xylene (2 x 25 ml). After drying 
(Na2S04), the solution is evaporated in vacuo and the residue subjected to 
column chromatography on silica gel, eluting with chloroform to give 1-
benzylimidazole (3.60 g, 76%), m. p. 70-72"C. 

Other alkylating agents whicb have been used include diazomethane [2], 
trialkyl phosphates [11], alk:oxyphosphonium salts [12], dimethylformamide 
dialkyl acetals [13], trialk:y1 orthoformates [14], alkyl cyanoformates [15], 
dialkyl carbonates (less toxic) [16] and, where more powerful reagents are 
needed, alkyl fluorosulfonates, trialkyloxonium tetratluoroborates [17], alkyl 
triflates and mesylates [18, 19]. 

When unsymmetrical imidazoles are alkylated, mixtures of isomeric prod­
ucts are usually formed, e.g. methylation of 4(5)-methylimidazo1e gives about 
equal quantities of the 1,4- and 1 ,5-dimethylimidazoles under a variety of 
reaction eonditions. The orientation of N-alkylation of such unsymmetrical 
imidazoles is controlled by a number of factors (reaction conditions, polar 
and steric natures of the substituent(s), the nature of the alkylating agent, 
solvent, tautomerism in the substrate) [2]. An understanding of these factors 
can help with the preferential synthesis of one of the possible isomers (6) and 
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(7) (Scheme 7 .1.1 ). One can also use sterically demanding blocking groups to 
direct alkylation to a 1ess-preferred position. 3-Substituted L-histidines have 
been made in this way by blocking the 1-position with trity1, phenacyl, benzy-
1oxymethyl or t-butoxymethyl groups, quatemizing the protected imidazole, 
and then removing the blocking group [18, 20]. 

R R R '[) t~ base '@) --- --:-.¡ N N 
H 

(3) 

~X 
(4) fx (5) 

R R 

t3 + '()-Rl 
N 
1 Rl 

(6) (7) 

Scheme 7.1.1 

As a rule of thumb one can assume that reactions which are carried out 
in basic media involve the anion (5), which N-alkylates to give mainly the 
1,4 isomer (6) if R is bulky or electron-withdrawing. In free base alkylations 
the tautomeric mixture (3) ~ (4) reacts. An electron-withdrawing substituent 
(R) will ensure that much of the reaction will be with the major iautomer 
(3) even if that tautomer is the Iess reactive. The product mixture formed 
will have main1y 1,5 regiochemistry (7), e.g. 4(5)-nitroimidazo1e methylated 
in basic medium gives mainly 1-methyl-4-nitroimidazole; in neutral media 
1-methyl-5-nitroimidazole forms almost exclusively. Sterically demanding 
groups, however, favour the 1,4 isomer. Tab1e 7.1.1 lists sorne other examp1es. 

When isomeric mixtures are formed they can usually be separated quite 
readi1y by colurnn or radial chromatography, for example: mixtures of 4- and 
5-halogeno-1-methylimidazoles separate on an alurnina colurnn eluted with 
2% ethyl acetate in dichloromethane; 1.4- and 1,5-dimethylirnidazoles use 
methanol-ethyl acetate-dichloromethane-hexanes (1 :4:5:40); and 1-methyl-4-
and -5-nitroimidazoles are separated by 4% methano1 in dichloromethane. 
Further purification is achieved by vacuum distillation in a Kuge1rohr appa­
ratus 1211. 

The range of alkyl and substituted-alkyl b1ocking groups used in 
lithiation processes include benzy1, p-methoxybenzyl, t-buty1, trity1, 
alkoxymethy1, hydroxymethyl, SEM ([2-(trimethylsilyl)ethoxy ]methyl) and 
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TABLE 7.1.1 
Ratios (percentage yields) of (6):(7) (R1 =Me) on methylation [21] 

R Neutral conditions• Basic conditions 

Me 1.4:1 (49) 1.2:1 (58)b 
CJ 1:17 (53) 3.0:1 (58)b 
Br 1:11.5 (44) 2.6:1 (45)b 
CHO 1:3.6 (34) 1.0:1 (24)b 
NOz 1:50 (41) 8.6:1 (37)h 
C02 Me 1:6.5 (34) 1.5:1 (18)b 
Ph 4.0:1 (56) 7.3:1 (47¡c 

• MezS04-EtOH. 
b MezS04-NaOH-HzO. 
e MezS04-NaOEt-EtOH. 

![J ( Ri=CH2Ar,tBu; O'h3, \ 

~ CH20R (R = ~ alkyl), CH2NR2,, 

Rt CH:,O(CH2 ),SiMe3 (SEM) j 

(8) 

dialkylaminomethyl (see structure (8); see also carboxyl, acyl, trimethylsilyl, 
dimethylaminosulfonyl, arylsulfonyl, dialkoxymethyl groups, discussed in 
Sections 7.1.4 and 7.1.5). Bcnzyl protecting groups are unsatisfactory because 
competitive Iithiation occurs at the methylene group, and quite severe 
oxidativc and reductive methods are needed Iater to remove the group. p­
Methoxybenzyl and 3,4-dimethoxybenzyl groups, however, are rather more 
easily removed using oxidative methods or treatment with acid [22, 23]. 
t-Butyl groups, too, are difficult to rcmove (besides being difficult to 
introduce). 1-Triphenylmethylimidazole is only slightly soluble in diethyl 
ether, retarding thc deprotonation step, and although it is more soluble in 
THF, quantitative Iithiation is still difficult to achicve. Silyl groups may 
migratc from one nitrogen to another or to a ring carbon during reaction. 
N-Alkoxyalkylimidazoles require severe deprotection regimes, but the SEM 
group is readily introduccd, is stable to lithiation, and is removed quite easily 
either by warming with dilute acid, or dry tetrabutylammonium fiuoridc. 
Therc are, however, problems which arise when the lithio derivatives react 
with sorne electrophiles (see Section 7.2.2). The most useful substituted 
al k y! blocking groups appear to be hydroxymethyl (see Section 7 .1.2) and 
dialkylaminomethyl. The Iatter are made from the parent heterocycle under 
Mannich conditions, and subscquent lithiation is easily achievcd in ether 
or THF solution. The protecting group is easily removed by acid-catalyscd 
hydro!ysis [24-26]. 
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1-[(Dimethylamino)methyl]imidazole [24] 

Imidazole (20.4 g, 0.3 mol) and 97% dimethylamine hydrochloride (26.0 g, 
0.3 mol) are dissolved in water (SO ml), and concentrated hydrochloric acid is 
added until the pH is below 5. Aqueous formaldehyde solution (37%, 27 g, 
0.33 mol) is added, and the mixture is allowed to stand at room temperature 
(48 h). The solution is made strongly alkaline with 20% potassium hydroxide 
solution, and the organic material is salted out with potassium carbonate, and 
extracted with chloroform. The combined organic layers are dried (K2C03 ) 

and concentrated to give an oil, which is distilled under vacuum to give the 
pure product (29g, 78%), b2 I00-102°C, b1.5 95°C. 

1-(N,N-Dimethylsulfamoyl)imidazole [25, 27] 

Dimethylchlorosulfonamide (13.0ml, 0.12mol) is stirred with imidazole 
(9.54g, 0.14mol) and triethylamine (18.0ml, 0.13mol) in benzene (160ml) 
at room temperature ( 16 h). ·The mixture is then filtered, the precipitate is 
washed with benzene (100 ml), the filtrate and washings are combined, and 
the solvent is evaporated. Distillation of the residue gives the above product 
(19.94g, 95%), bo.4 l10°C. It solidifies on standing to give a white solid, 
m.p. 42-44"C. 

1-Etho.xymethyl-2-phenylimidazole [28] 

To 2-phenylimidazole ( 10.0 g, 70 mmol) in anhydrous lliF (550 mi) at -20oC 
under nitrogen is slowly added n-butyllithium (1.6 M in hexanes; 48 ml, 
77 mmol) with stirring. After 45 min chloromethylethyl ether (7 .5 g, 94 mmol) 
is slowly added to the cloudy solution at -20"C, and the mixture is allowed to 
warm to ambient temperature overnight. The clear solution which is formed is 
poured into a saturated aqueous solution of arnmonium chloride (700ml), 
and the aqueous Iayer is separated and washed twice with diethyl ether 
(200 ml). The combined organic Jayers are washed with saturated aqueous 
sodium chloride, dried (Na2S04), filtered and rotary evaporated to give a clear 
yellow oil (9.0 g). Chromatography (silica gel, ethyl acetate-hexanes) gives 
the pure product (8.4 g, 51%). Similarly prepared are 1-(1-ethoxyethyl)- (78%), 
1-( 1-ethoxyethyl)-2-methyl- (76%) and 1-(1-ethoxyethyl)-2-phenylimidazoles 
(86%) [29]. 

4-lodo-1-tritylimidazole [30] 

To a solution of 4-iodoimidazole (3.38 g, 17 mmol) in DMF (15 ml) is added 
triphenylmethyl chloride (5.56 g, 20 mmol) and triethylarnine (1.5 ml). The 
solution is stirred at room temperature overnight, then poured into ice water 
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(200 mi). The obtained solid is filtered and dried to give the product, which is 
recrystallized from ethyl acetate-cyclohexane (7.04 g, 9S%), m.p. 224-22S°C. 

General procedure: 1-SEM-protected imidazoles [31] 

Under a blanket of nitrogen, SO% sodium hydride (8.2 g, 0.17 mol) is washed 
with hexane. The flask is then charged with dry DMF (2SO ml), and the imida­
zole derivative (0.17S mol) is added in small portions. After stirring at room 
temperature (l. S h), [2-(trimethylsilyl)ethoxy ]methyl chloride (SEM-C 1, avail­
able from Aldrich) (30.8 g, 0.18S mol) is added dropwise. The reaction mixture 
becomes slightly wann, and is stirred (1 h) befare quenching with water 
and extracting with ethyl acetate (3 x 200ml). The combined organic layers 
are washed with water (3 x 200ml), dried (Na2S04) and concentrated to a 
light brown oil, which is purified by distillation, e.g. 1-SEM-imidazole (6S%, 
bo.2 94"C) and 1-SEM-benzimidazole (SO%, b0.2 220°C). 

Quatemary salts can be made by alkylation of 1-substituted imidazoles. 
They may also be forrned directly from imidazoles treated with an excess 
of alkylating agent. Begtrup and Larsen predict quatemization in terrns of 
quatemization potentials (Pq) using the relationship 

20- [Pq(alkylating agent) + Pq(solvent) + Pq(temperature) + Pq(time)] 

::0 pK a (1-alky limidazole) 

Standard reaction conditions are 20oC (72h) in methanol, dichloromethane, 
acetonitrile or DMF. Under these conditions 1-methy1imidazole gives a 30% 
yield of 1,3-dimethylimidazolium iodide (using methyl iodide) and a 99% 
yield of l-benzyl-3-methylimidazolium chloride (using benzyl ch1oride) [3]. 
Heating promotes alkylation, but does not seem to have much effect or ease 
of quatemization, although it does increase yields. 

lmidazole quatemary salts (9) are frequently quite hygroscopic and need 
to be kept dry if storage is intended. In their synthesis all apparatus must 
be scrupulously dry, solvents must be dried before use, and reactions and 
recrystallizations need to be carried out under dry nitrogen. Liquid reagents 
are best added using a syringe through a serum cap, and Schlenk apparatus is 
recommended for filtrations. 

©rR3 
~ x-
Rl 

(9) 
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Quatemization (Begtrup method) [3] 

The 1-alkylimidazole (10mmol) in DMF, methanol, acetonitrile or 
dichloromethane (4ml) and the alkylating agent (lümmol) in a screw-cap 
sealed reaction vessel are kept at 20"C (72h) or heated at IOOoC (3h). 
Removal of the solvent and washing with dry ether (3 x 5 ml) gives the 
imidazolium salt. 

1,3-Dimethylimidazolium iodide (9) (R1, R3 =Me, X= 1) [32] 

Methyl iodide (7 g, 52 m mol) is added dropwise to a cold, stirred solution of 
1-methylimidazole (4.0 g, 49 mmol) in dry benzene (55 mi) under dry nitrogen. 
Aftcr 20 min the mixture is refiuxed (S h), and the oily ]ayer which separates 
is washed with dry benzene (20 ml) to induce crystallization. Removal of the 
solvent in vacuo gives the salt (5.8 g, 57%), m.p. 88°C. Similarly prepared are 
a number of othcr imidazolium iodides, bromides and chlorides (9) (R1, R3, 

X, yield givcn): Me, Et, ·1, 97%; Me, CH=CH2, 1, 96%; Me, Bu, 1, 89%; Me, 
Ph, 1, 62%; Me, CH2Ph, 1, 93%; Me, Et, Br, 82%; Me, Et, Cl, 78%; Et, Et, 1, 
79%; Pr, Bu, 1, 68%; iPr, Bu, 1, 65%. 

1-Ethyl-3-methylimidazolium tetraphenylborate [321 

To 1-methyl-3-ethylimidazolium bromide (0.1 g) in dry methanol (5 mi) is 
added sil ver tetraphenylborate (0.2 g) in methanol (1 S mi). The mixture is 
refluxed (2 h) and filtered from sil ver bromide, and then the solvent is evapo­
rated to give the tetraphenylborate salt (36%), m.p. 140"C. Similarly prepared 
using silver perchloratc in dry acetone is 1-cthyl-3-methylimidazolium 
perchlorate (83%) as an oily liquid. 

7.1.2 /V-Alkylbenzimidazoles 

Similar methods apply, and mixtures of products result when the original 
substrate is substitutcd in the fused bcnzene ring. Quatemization is more diffi­
cult because benzimidazolc is less basic than imidazole. When S(6)-substituted 
benzimidazoles are alkylated the product ratios depend on the resonance el.cc­
tronic effects of the substituent, e.g. methylation of 5(6)-nitrobcnzimidazolc 
gives a 1:1 ratio of 1,5 and 1,6 isomers. Substituents in the 4(7)-positions 
have increased electronic directing effects, and steric effccts also come into 
play, e.g. methylation of 4(7)-nitrobenzimidazole in basic mcdium gives a 6:1 
ratio of 1,4 to 1, 7 isomers. And so, in designing a synthetic approach to a 1-
alkyl-C-nitrobenzimidazole, all of these factors need to be taken into account. 
Jt may be more valid to nitrate a 1-alkylbenzimidazole than to alkylate a 
e -nitrobenzimídazole [2]. 
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In reactions which require the formation of 2-Iithiobenzimidazoles, 
protection of nitrogen as the hemiaminal, sequential lithiation, quenching 
with electrophile, and deprotection can be achieved in a one-pot reaction. 
The 1-hydroxymethylbenzimidazoles are smoothly deprotected by mild acid 
hydrolysis using dilute hydrochloric acid or a silica gel column. The 
hydroxymethyl group activates adjacent ring positions in general [33]. 

1-Hydroxymethylbenzimidazole [33] 

To benzimidazole (1.57 g, 13.3 mmol) in a two-necked ftask is added THF 
( 40 ml) at 20° C, to give a suspension. Formaldehyde ( 1 ml, l. O eq., 37% 
aqueous solution) is then added at 20°C to give a homogeneous solution. 
After 5min TLC (silica gel-ethyl acetate) shows that all of the benzimida­
zole has been consumed and 1-hydroxymethylbenzimidazole has been formed. 
The solvent is rotary evaporated and the residue is dried in vacuo (24 h). 
Paraformaldehyde (1 eq.) in THF under argon can replace the formalin 
solution. The hydroxymethylbenzimidazole can be used without further 
purification in lithiation processes. 

7 .1.3 IV-Arylimidazoles 

Although there are a number of ring-synthetic methods which can be used to 
make N-arylimidazoles, there are occasions when it is useful to be able to 
carry out a dircct N-arylation. Highly activated aryl halides such as l-ftuoro-
2,4-dinitrobenzene react in benzene solution containing a Iittle triethylamine, 
to give 1-dinitrophenylimidazoles in 77-92% yields [34]. Less reactive aryl 
halides need to be heated over an extended period with the imidazole in a 
high-boiling solvent such as nitrobenzene and in the presence of potassium 
carbonate and copper(l) bromide [5, 35¡. This is a modifed Ullmann method 
characterized by generally poor yields. Altemative reaction conditions include 
the use of sodium carbonate in DMF, copper oxide and pyridine [36, 37], and 
quite recently the use of aryllead(IV) triacetates as "aryl cation equivalents". 
Under relatively mild conditions (l.l-1.5 eq. of p-tolyllead triacetate in the 
presence of a catalytic amount of copper diacetatc at 90-lOOoC for 4-6 h in 
dichloromethane-DMF) excellent yields have been obtained [38, 39]. A wide 
range of aryllead triacetates can be made relatively simply [40]. Typically, 
a solution of the azole with a slight excess of the aryllead triacetatc and a 
catalytic amount of copper(JI) acetate is refluxed, and the coppcr spccies are 
removed by treatment with hydrogen sulfide [39]. 

1-p-Nitrophenylimidazole and its benzirnidazolc analogue have been made 
by arylation of the azole anions under phase transfer conditions with p­
fluoronitrobenzene in an ultrasound bath. These conditions appear to give 
better yields than magnetic stirring [41]. 
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1-Phenylimidazole [ 42] 

A mixture of imidazole (10.2g, 0.15mol), bromobenzene (23.6g, 0.15mol), 
anhydrous potassium carbonate (20 g) and cuprous bromide (0.9 g) in nitro­
benzene (230 ml) is heated under reflux (2 days). CARE- bumping occurs. 
After cooling and filtering, the filtrate is acidified, steam distilled to remove 
nitrobenzene, and the remaining solution is neutralized and extracted with 
chloroform to give 1-phenylimidazole ( 4 g, 18% ). The crude product sublimes 
at 90,C/0.05 rnmHg as hygroscopic crystals. Picratc m.p. 155- 156,C. 

Altemative modified Ullmann procedure [37] 

A mixture of the azole (50 mmol), aryl halide (50 mmol), anhydrous potassium 
carbonate (7 g) and copper(II) oxide (0.25 g) in pyridinc (lO ml) is rcfl.uxcd 
for sorne hours. The coolcd mixture is filtered, extracted with benzcne or 
chloroform, and the combined extracts and filtrate are rotary evaporated to 
give a residue which is chromatographed on alumina, cluting with benzcne 
or benzene-chloroform. Prepared in this way are the following 1-substitutcd 
imidazolcs (1-substituent, heating time, yield given): o-nitrophenyl, 11 h, 64%; 
m-nitrophenyl, 19.5 h, 30%; p-nitrophenyl, lO h, 54%; o-cyanophenyl, 50 h, 
43%; m-cyanophenyl, 50.5 h, 13%; p-cyanophenyl, 50h, 73%; o-acctylphenyl, 
7 h, 33%; m-acetylphenyl, 48h, 68%; p-acetylphcnyl, 48 h, 82%; a-pyridyl, 
19h, 37%; .8-pyridyl, 24h, 51%; y-pyridyl, 12h, 30%. 

General procedurefor 1-arylimidazoles (and 1-arylbenzimidazoles) [391 

A solution or suspcnsion of thc starting azole (0.37 -0.84 mmol), p-tolyllead 
acctate (1.1 eq.) and copper(Il) acetate (0.01 g) in dichloromethane (2-5 ml) 
is refluxed. Solvcnt slowly boils off during the process, but in no case is 
the reaction allowed to evaporate to dryness. The grcen reaction mixture 
is diluted with chloroform (20 ml), and the solution is poured on to dilute 
aqueous H2S (50rnl). The two-phase system is stirred vigorously (1 h), thcn 
filtered through Celite to remove inorganic sulfides. The pale ycllow filtrate is 
separated, dried (Na2S04 ) and evaporated, and the residue is chromatographed 
on silica gel to give the product. Prepared in this way are thc following 
(product, yield, time, temperature, chromatography solvent given): 1-(p­
tolyl)imidazole, 82%, 6 h, 90°C, chloroform; 1-(p-tolyl)benzimidazole, 98%, 
4.5 h, 90°C, dichloromethane; 2-phenyl-1-(p-tolyl)benzimidazole, 75%, 4.5 h, 
90°C, petroleum cthcr-ethyl acetate (99: 1 ). 

Pha.~e tramfer method [41] 

A mixture of the azote (lO mmol), tetrabutylammonium bromidc (1 mmol) and 
potassium hydroxidc (20 mmol) are placed in an ultrasound bath for 2-3 h. A 
slight excess of p-fluoronitrobenzene (11 mmol) is then added, and the mixture 
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is again subjected to ultrasonication (24 h). The reaction progress can be moni­
tored by TLC (hexane-ethyl acetate, 1:1). The crude product is extracted with 
dichloromethane, the solution is dried (MgS04), and the solvent is evapo­
rated, before recrystallization of the 1-arylazole. Prepared in this way are 
1-(p-nitrophenyl)imidazole (recrystallized from hexane-ethyl acetate, 76%) 
and 1-(p-nitrophenyl)benzimidazole (recrystallized from ethanol, 77%). 

7 .1.4 N-Acylimidazoles and N-acylbenzimidazoles 

N -Acy1imidazoles are of importance in a number of biological processes su eh 
as transacylation. They also have considerable synthetic utility in a variety of 
acylation reactions [43]. Reagents such as l-acetylimidazole (used asan acetyl­
ating agent) and l, 11 -carbonyldiimidazole (widely employed as a coupling 
agent in peptide synthesis) are commercially available; others can be made 
quite readily by reacting acyl halides or anhydrides with the free imida­
zoles. It is necessary to use a non-nucleophilic solvent and usually anhydrous 
conditions since many 1-acylirnidazoles (azolides) react very readily with any 
nucleophiles, including water and alcohols. It is usual to use a 1:2 ratio of acid 
chloride and imidazole in an inert solvent at room temperature [44, 45], or 
to treat 1,1 1 -carbonyldümidazole with a carboxylic acid at room temperature 
[46-48]. Other methods which have been used include the use of ketene in 
benzene solution [49, 50], isopropenyl acetate [51], acetic anhydride neat or 
in pyridine [52, 53], and treatrnent of an N-trimethylsilylimidazole with an 
acid chloride [54]. 

Weak bases can assist the reaction. Naturally, the only useful "N-acyl" 
substituents of use in Iithiation sequen ces are the acetals ( e.g. dialkoxymethy 1), 
which can be made quite readily by treating the imidazole with a trialkyl 
orthoformate with p-toluenesulfonic acid as a catalyst. The groups are easily 
removed again, but have the drawback of also being unstab1e under dilithiation 
conditions [25, 55]. 

The fact that N-acylation and N-aroylation reactions are reversible means 
that the thermodynamic product is the only one obtained, i.e. a 4(5)-substituted 
imidazole gives only the J-acyl(aroyl)-4-substituted isomer for steric reasons. 
This observation is utilized in regiospecific synthesis of 1,5-disubstituted 
imidazoles. The 1-acyl(aroyl)-4-substituted imidazole is first quaternized 
using a powerfu1 alkylating agent such as a trialkyloxonium salt or methyl 
fiuorosulfonate, and the acyl(aroyl) blocking group is then removed under 
mildly basic conditions (Scheme 7.1.2) [56, 57]. 

1-(p-Toluoyl )imidazole [ 46] 

A solution of p-toluic acid (6.8 g, 50 mmol) in THF (80 ml) and 1,1'­
carbonyldiimidazole (7 .2 g, 50 mrnol) in THF (80 ml) is allowed to stand 
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(2 h) in a stoppered ftask at 30-40°C. The solvent is removed in vacuo, 
and the residue is extracted with hot cyclohexane, leaving the imidazole 
almost completely behind. Repeated recrystallization from cyclohexane gives 
the product (7.3 g, 80%), m.p. 72.5-73SC. 

1-Benzoyl-4-phenylimidazole [56] 

Benzoyl chloride (2.4 g, 17 mmol) is slowly added to a stirred solution of 4-
phenylimidazole (2.0g, 14mmol) and sodium hydroxide (1.2g, 28mmol) in 
acetone ( 1 O ml) and water ( 40"ml). During the addition the product precipitates. 
After 30 min cold water (50 ml) is added to ensure complete precipitation. The 
solid is filtered, washed with water, dried and recrystallized as white platelets 
from chloroform-ether (3.3 g, 95%), m.p. 124.0 l24SC. 

1-Ethyl-5-phenylimidazol e [56 J 

J-Benzoyl-4-phenylimidazo1e (4.0 g, 16 mmol) and triethyloxonium ftuorobo­
rate (commercially available from Aldrich) (3.06 g, 16 mmol) are dissolved in 
dichloromethane (20 ml) and stirred at room temperature ( 48 h). After rotary 
evaporation of the solvent the product is shown by NMR to be the expected 
salt, 1-benzoyl-3-ethyl-4-phenylimidazolium ftuoroborate. This salt is then 
dissolved in water (25 rnl). The acidic solution is made slightly basic with 
sodium carbonate, and the product is extracted with chloroform (4 x 50 mi). 
The extracts are dried (K2C03) and filtered, the solvent removed, and the 
residue vacuum distilled to give l-ethyl-5-phcnylimidazole (2.50 g, 91% ), 
b0.4 109-IIOoC. 

1-(Diethoxymethyl)imidazole [55] 

lmidazole (12.8 g, 0.2 mol), triethyl orthofonnate (118.4 g, 0.8 mol) and p­
toluenesulfonic acid (1 g) are heated at 130oC until no more ethanol distils 
from the mixture. Excess orthofonnate is then removed in vacuo, solid sodium 
carbonate (1 g) is added, and the residue is fractionally distilled to give the 
acetal (28.2g, 82%) as a colourless oil, b0.02 52°C. 

1-Benzoylimidazole (Begtrup method) [3] 

The imidazole sodium salt (1 O mmol), dichloromethane (20 ml) and benzoyl 
chloride (lO mmol) are mixed with stirring and cooling in an ice bath under 
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a nitro gen atmosphere. After being stirred at 35oC (24 h) in a screw-cap 
sealed reaction vessel the mixture is pressure filtered and cxtracted with 
dichloromethane (3 x S mi) under nitrogen. After removal of the solvent the 
1-bcnzoylirnidazole (90%) is obtained as an oil or Iow-melting point so!id, 
m.p. l9-20°C. 

7.1.5 Other N-substituted imidazoles 

Frequently it is nccessary to place a group on a ring nitrogen, eithcr to direct 
subsequent C -substitution, or to protect that nitrogen from attack by a subse­
quent reagent which would normally react more readily at nitrogcn than at 
carbon. Such protecting groups should idcalJy have sorne directional or acti­
vating effects, but it is more important for them to be easy to attach and easy to 
remo ve in the presence of other substituents. Indeed, it is advantageous to ha ve 
blocking groups which can be removed specifically by acid, base, oxidation or 
reduction. Groups such as methyl and phenyl are of little value as they are too 
difficult to remove. Benzyl groups can be removed by oxidativc or reductivc 
methods, but alkyl and aryl groups are generdlly unsatisfactory substratcs for 
metallation procedures because they can themselves be converted into anions. 

1-Trimethylsilylirnidazoles have been known for many years. The silyl 
group imparts increased volatility to the azoles, making them suitable for 
gas chromatographic separation, purification and analytical procedures. The 
compounds can be made quite simply by reaction of the imidazole with 
trimethylsilyl chloride, or by application of Begtup's two-stage method [3, 
54, 58 f. The trimethylsilyl group is easily hydrolysed, but gives poor results 
in Iithiation procedures as it is subject to N -+ C rearrangemcnts [25, 59]. 

Sulfonyl groups are easily introduced, but they are very readily hydrolysed 
and also seem to reduce the ease of Iithiation when utilized as blocking groups 
in such procedures. The dimethylsulfamoyl group can be introduced using the 
sulfamoyl chloride with or without added triethylamine, and has considerable 
advantages as a blocking agent in lithiation reactions. 

Rcccntly, interest has been rekindled in the use of the vinyl group as a 
blocking agent which can be cleavcd by ozonolysis [60, 6ll. Critical assess­
ment of the variety of blocking groups employed in azole lithiations has 
appeared elsewhere, and will not be discussed in detail here [24-26, 62]. 

Whereas pyrazoles are quite readily N-nitrated by nitric acid in acetic 
anhydride or with nitronium fiuoroborate, irnidazoles are usually far too basic, 
and give the nitrate salts instead. A nitro substituent, howcver, decreases the 
basicity sufficiently to allow N-nitration to occur. The N-nitro compounds are 
subject to thermal rearrangement to thc 2- and 4-nitro isomers, pointing to an 
altcrnative route to such compounds [63]. 
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1-Trimethylsilylimidazoles [54] 

In general, the imidazole compound is treated with exeess hexamethyldis­
ilazane under reftux on an oil hath or heating mantle for severa) hours. 
The product is isolated by fractional distillation. For example 1-trimethyl­
silylimidazole is made from imidazole (13.6 g, 0.20 mol) and hexamethyldi­
silazane (24.2 g, 0.15 mol) heated for lO h. The product (8S% yield) has a b12 

of9l°C. 

N, N -Dimethy/imidazo/e-1-su/fonamide [ 64 J 

N,N-dimethylsulfamoyl chloride (4.3g, 30mmol) and imidazole (4.1 g, 
60mmol) in chloroform (Süml) are allowed to react at 2SoC (30min). The 
mixture is then taken up in water and extracted with benzene. The organic 
layer is washed with water, dried and evaporated to a colourless liquid, which 
is distilled to give a salid (3:3 g, 63%), b0.6 83-8TC, m. p. 4S-48°C. 

1-Benzene.mlfonylimidazo/e [6S] 

Imidazole (6.8 g, 0.1 mol) is dissolved in DMSO (SO mi), and l eq. ofpowdered 
potassium hydroxide is added. When this has dissolved, the solution is cooled 
to 0°C, and benzenesulfonyl chloride (17. 7 g, 0.1 mol) is added during 30 min. 
The reaction mixture is then poured into water ( 100 ml) and extracted with 
chloroform (3 x Süml). The organic extracts are washed with water, dried and 
evaporated to give a yellow oil, which usually solidifies on evacuation (12.4 g, 
60% ). Recrystallization from chloroform-hexane gi ves the pure product (8.2 g, 
40%), m.p. 78°C. 

1-Methyl.mlfonylimidazole (Begtrup method) [3] 

lmidazole sodium salt ( 10 mmol), dichloromethane (20 ml) and methane­
sulfonyl chloride (lO mmol) are mixed with stirring and cooling in an ice 
bath under nitrogen. After stirring at 3YC (24h) (as for 1-benzoylimidazole, 
see Section 7 .1.4) the mixture is pressure filtered and extracted with 
dichloromethane (3 x S ml) under nitrogen. The solvent is then removed, and 
the crude product (82%) is recrystallized from toluene, m.p. 85-8TC. 

2,4,5-Tribromo-1-vinylimidazole [60] 

l ,2-Dibromoethane (30 mi, 65.4 g, 348 rnmol) and triethylamine (30 ml) are 
added to a stirred solution of 2,4,5-tribrornoimidazole ( 10.0 g, 32.8 mmol) in 
triethylarnine (20ml) at ambient temperature, and the resulting mixture is 
heated under reftux until all of the starting material has been consumed (l h), 
as shown by TLC analysis (at this stage the products are 1-bromoethyl- and 
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1-vinyl-2,4,5-tribromoimidazoles). Aqueous sodium carbonate (10%, 30ml) 
and tetrabutylammonium bromide (2.6 g, 8.06 mmol) are added to the mixture, 
which is refiuxed (2 h) when TLC shows the presence of only one product. 
Water (200 ml) is added to the cooled mixture, and the product is extracted 
with ether (4 x 30m!). The combined extracts are washed with 10% aqueous 
HCI (2 x 50 ml) and dried (MgS04 ), and the solvents are removed under 
reduced pressure. Distillation of the residue using a Kugelrohr apparatus gives 
the product as a white solid (8.32g, 77%), b0.05 108-110"C, m.p. 31-32°C, 
llmax 1642cm-1. 

Devinylation method: 4-bromoimidazole-5-carbonitrile [60] 

Ozone is bubbled through a stirred solution of 4-bromo-1-vinylimidazole-
5-carbonitrile (0.5 g, 2.53 mmol) in methanol (30 ml) at -78"C until TLC 
analysis shows complete reaction (30 min). Dimethyl sulfide (0.2 ml, 0.17 g, 
2. 72 mmol) is added, and the mixture is allowed to warm up to room temper­
ature and stirred (1 h). Distillation of the solvent under reduced pressure gives 
the product (0.35 g, 80%) as a white solid after recrystallization from aqueous 
ethanol, m.p. 142-144oC. 

1 ,4-Dinitroimidazole [63] 

A suspension of 4-nitroimidazole (0.5 g, 4.42 mmol) in glacial acetic acid 
( 18.2 mi) is treated dropwise with nitric acid ( 4.25 mi, d 1.5). The temperature 
rises to 50oC as the suspension dissolves. To this solution is added, with 
cooling, acetic anhydride (12.1 mi), and the mixture is allowed to stand (1 h). 
Monitoring by 1 H NMR shows that the conversion is essentially complete 
after a few minutes (¿J(CDCI)): 8.20, d, J = 1.5 Hz, H-2; 8.33, d, J = 1.5 Hz, 
H-5). The mixture is poured on to ice and extracted with dichloromethane. 
The extracts are washed with aqueous sodium bicarbonate, dried (MgS04) and 
evaporated in vacuo to give 1,4-dinitroimidazole as the so le product (0.6 g, 
85%). A sample sublimed at 76T/0.015 mrnHg had an m.p. of 92oC. 

A varicty of sulfo groups can be attachcd to N-1 of imidazo1e: p tosyl, 
mesyl, phenylsulfonyl and dimethylarninosulfonyl 164-66]. 
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7.2 SYNTHESIS OF C-SUBSTITUTED IMIDAZOLES AND 
BENZIMIDAZOLES BY ELECTROPHILIC SUBSTITUTION 

Unsubstitutcd imidazole reacts with most electrophiles preferentially at C-4(5), 
but in neutral or basic media it is often difficult to prevent multiple substitution, 
e.g. halogenation. Deuterium exchange is unusual in that 2-exchange is more 
facile than 4- or 5-exchange, and diazo coupling occurs with about equal 
facility in both 2- and 4-positions. Acidic reagents almost always involve the 
protonated imidazole (imidazolium) as the reactive species. In this forro the 
reactivity is greatly decreased, and 4(5)-substitution is observed, e.g. nitration 
and sulfonation. Friedd-Crafts reactions will not occnr at all. Under severe 
conditions, disubstitution may be possible. 

When the imidazole or benzimidazole carries an N-substituent, reactions 
which would have involved the conjugate base species either have to take 
an altemativc pathway or may not take place, e.g. diazo coupling and halo­
genation. Preferential electrophilic attack now occurs at C-5. Exceptions to 
thc usual orientation of substitution are observed in Regel acylations at C-2 
(probably via initial N-acylation), and sorne hydroxymethylations. 

In bcnzimidazole, electrophiles preferentially substitute in the fused benzcne 
ring in the 5(6)-position; a powerful electron donor at C-5 will direct subse­
quent attack to C-4; electron-withdrawing groups lead to subsequent 4- or 
6-substitution. Attack at C-2 is virtually unknown. 
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7 .2.1 Conventional electrophilic substitutions 

7 .2. 1.1 lmidazoles 

In both imidazoles and their N-substituted derivatives, halogenation 
occurs preferentially in the 4(5)-positions; there is a slight preference 
for 5-substitution in 1-substituted substrates. Although the 2-position is 
much less reactive, it is difficult to prevent substitution at that site. 
Jndeed, polyhalogenation is so facile that it is seldom feasiblc to make 
monohalogenated imidazoles directly. Both sodium hypochlorite and NCS 
convert imidazole into its 4,5-dichloro derivativc contaminated by the 
2,4,5-trichloro product. Even very mild conditions are unlikely to promote 
monochlorination, and bromination and iodination are similar. Mcchanisms 
can vary, however, from substrate to substrate. It is likely that C-2 
halogenations are the result of addition-climination [!]. 

Monohalogcno compounds are more likcly to be accessible when 
imidazoles with an electron~withdrawing substitucnt are halogenated, by 
nucleophilic methods (sce Section 7.3.1), and via organolithium derivatives 
(see Scction 7.2.2). Altemativcly, it may be possiblc to polyhalogenate, then 
selectively "reduce" one or more of the halogcn substitucnts. 

2,4,5-Tribromo-1-methylimidazole [2] 

To a mixture of 1-methylimidazole (24.6 g, 0.3 mol) and sodium acetate 
(102.0 g, 1.2 mol) in glacial acetic acid (500ml) a solution ofbromine (146.0 g, 
0.9 mol) in glacial acetic acid (50 mi) is added dropwise with vigorous stirring 
and cooling to keep the temperature below 60°C. After the addition is complete 
the mixture is stirred at ambient temperature (2 h), poured on to ice (11), stirred 
and filtered. Crystallization from acetic acid-water (85: 15) gives !he product 
as white crystals (48.7g, 51%), m.p. 88-89°C. 

4-Bromoimidazole [3] 

A solution of NBS (11.44 g, 64 mmol) in DMF (1 00 mi) is added dropwise 
over 1.5 h at 20oC to a stirrcd solution of imidazole (4.00 g, 59 mmol) in DMF 
(1 00 mi). After 48 h thc solution is concentrated to dryness under reduced 
pressure, and thc rcsidue is dissolved in ethyl acetate and percolated through 
silica gel, eluting with more ethyl acetate to give a solid which is triturated 
with hot chloroform. On cooling, 4-bromoimidazole (3.15 g, 41 %) separates 
as white cubes, m.p. !25-126°C. Small quantities of 4,5-dibromo- and 2,4,5-
tribromoimidazoles are also formed. 



7.2. SYNTHESIS OF C-SUBSTITUTED IMIDAZOLES AND BENZIM!DAZOLES 213 

2-Ethyl-4-bromoimidazole [ 4 J 

Bromine (l0.24ml, 200mmol) is added dropwise to a stirred, ice-eooled 
solution of 2-ethylimidazole (8.54 g, 89 mmol) in ethanol (150 mi). After 
stirring at room temperature ( ~3 h), 5 M aqueous NaOII (45 mi) is added to 
give a solution of pH around 6.5. A solution of sodium sulfite (120 g) in water 
(11) is then added, followed by further ethanol (lOO ml) and water (lOO mi) to 
give on warming to about 40oC a yellow solution which is refiuxed (18h). The 
solution is then concentrated to half of its original volume and extracted with 
chloroform (3 x 250 mi). The combined extracts are coneentrated in vacuo to 
give the title compound as a white solid (6.1 g, 38%). 1H NMR: o 1.19, t, 
CH3; 2.78, q, CH2; 6.95, s, H-5. 

4-Chloro-5-iodoimidazole [5, 6] 

4-Iodoimidazolc (4-.00g, 8.76mmol) is dissolved in water (20m!) containing 
NaOH (0.92 g, 23 mmol) cooled to O Se in an ice bath. Freshly prepared 
sodium hypochlorite solution (0.60 moll-1; 38.3 mi, 23 mmol) is added 
portionwise with continuous stirring so that the temperature does not exeeed 
5oC. After complete addition, the solution is allowed to warm up to room 
temperature, and stirring is continued (1 h). Following decolorization with 
activated charcoal, the pH of the solution is adjusted to ~3 with concentrated 
HCI to precipitare a solid. After filtration, washing and recrystallization from 
water the product (3.21 g, 67%) has an m.p. of 163-164°C. 

4-Chloroimidazole [S, 6] 

4-Chloro-5-iodoimidazole (2.00 g, 8. 76 mmol) is heated under refl.ux ( 4 h) in 
5% aqueous sodium sulfite solution (70 mi). After cooling, the pH is adjusted 
to ~2 with concentrated HCI, and then evaporated to dryness under reduced 
pressure. The solid residue is extracted with boiling ethanol (4 x 100m!), 
and the extracts are combined and again evaporated to dryness. The residue 
is tak.en up in a small volume of water, and sodium carbonate is added until 
precipitation occurs. The filtered product is recrystallized from water to give 4-
chloroimidazole of greater than 95% purity as colourless needles (0.70 g, 78% ). 
Vacuum sublimation gives the analytically pure product, m.p. 115-117°C. 

Mononitration and monosulfonation of imidazoles are m u eh more common. 
These reactions involve strongly acidic conditions, hence it is the deactivated 
imidazolium cation which is reacting [7J. Under certain conditions, however, 
it is possible to get disubstitution, but despite sorne reports to the contrary, 
C-2 nitration will not occur readily, if at all. This means that preparation of the 
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pharmacologically important 2-nitroimidazoles such as azomycin (2-nitroimida­
zole) has to be accomplished indirectly by oxidation of 2-amino analogues or 
via diazonium salts (see Section 8.2). Dinitrogen tetroxide has been reponed to 
convert 4-substituted imidazoles with electron-withdrawing substituents into 
a mixture of 5- and 2-nitro dcrivativcs [8], and Katritzky has made 2,4,5-
trinitronimidazole from 2,4,5-triiodoimidazole, a!beit in only 9% yield [9]. 

4-Nitroimidazole [5] 

lmidazole (15.0 g, 0.22 mol) is addcd slowly to concentrated nitric acid (30 mi, 
d 1.42) maintained at o-s·c in an ice bath. Concentrated sulfuric acid (25 ml) 
is then added slowly to the solution with continuous stirring. The nitrating 
mixture is then heated at 1 oo·c (2 h), before cooling and pouring into 
ice-water to precipitate a solid. This is filtered, washed with water until the 
filtratc is non-acidic, dried and recrystallized from ethanol to give off-white 
needlcs (16.2g, 65%), m.p. 3.07-308·c. · · 

Diazo coupling in N-unsubstituted imidazoles occurs with equal case at 
either C-2 or C-4(5) (or both) in rcactions which have been shown to involve 
reaction of the imidazole anion with the diazonium ion [ 1 0]. The in tense! y 
colourcd azo dyes which are formed have long been used for identification 
of imidazoles, especially in qualitative chromatography [7). The azo groups 
can be reduccd to amino or hydrazino groups, providing a useful alternativc 
approach, especially to 2-arninoimidazoles (see Section 8.3). 

Direct hydroxymethylation of irnidazoles and 1-substituted irnidazoles is 
a well-known reaction. It takes place quite readily with formaldchyde or 
paraformaldehyde at elevated temperatures. In sealed tube reactions, imida­
zole is converted mainly into 2-hydroxymethylimidazolc [1 1, 12] along with 
smaller amounts of product hydroxymethylated at other ring positions. In solu­
tion (e.g. DMSO) or neat, N-unsubstituted imidazolcs are hydroxymethylated 
by formalin in the 4- or 5-positions, while 1-substituted imidazoles give mostly 
2-hydroxymethyl products. For example, 4-bromo- and 4-methylirnidazoles 
are convcrted into the 5-hydroxymcthyl derivatives; 1-methyl, 1-benzyl, 
1-aryl and l ,5-dimcthyl substratcs give 2-hydroxymethyl products. In contrast, 
1 ,4-dimethylimidazole forms the 5-hydroxymethyl derivative under similar . 
conditions, and irnidazoles bearing strongly electron-withdrawing substituents 
may fail to react [13] 

1-Benzyl-2-hydroxymethylimidazo/e [ 141 

A mixture of aqueous formaldehyde (d 1.08, 25 mi) and 1 -benzylirnidazole 
(15.8 g, 0.1 mol) is heated in a sealcd glass tube at I5o·c (3 h). After cooling, 
the mixture is treated with water (200 ml) and extracted with dichloromcthane 
(3 x 30 ml). The organic cxtracts are washed with water (2 x 50 ml), dricd 
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(Na2S04) and evaporated to give the product asan oil (17.86g, 95%). The 
hydrochloridc salt has an m.p. of 161-163oC. 

Although Fricdel-Crafts alkylations and acylations will not takc place 
with imidazoles (Lewis acid catalysts deactivate the azole), it is possible 
to introduce sorne acyl and aroyl groups at C-2 by what is essentially 
an electrophilic substitution reaction. The conditions used are modified 
Schotten-Baumann conditions in which an acyl or aroyl halidc reacts 
with a 1-substituted imidazole in acetonitrile solution in the prcsence of 
triethylamine [15-17]. 

2-Benzoyl-1 -methylimidazole [ 17] 

To a solution of 1-methylimidazole (5 g, 61 mmol) in acetonitrile (60ml) is 
added scquentially bcnzoyl chloride (7.1 mi, 8.6 g, 61 mmol) and triethylamine 
(8.5 mi, 6.2 g, 61 mmol). After 15 h at 25oC the triethylamine hydrochloride 
is filtcred off, the acetonitrile is rotary evaporated, and the residue is 
boiled (30 min) with aqueous sodium carbonate. Continuous extraction with 
chloroform of the alkaline solution yields, after removal of thc dricd solvent, 
an oil which is distilled to give a pale yellowish liquid ( 4.2 g, 37% ), b1 149°C. 
Similarly prepared are ethyll-methylimidazole-2-carboxylate (b0.05 60°C), 2-
bcnzoyl-1-phenylimidazole ( 61%, b2 210° C) and 2-benzoyl-1-benzylimidazole 
(68%, m.p. 66°C). 

7 .2.1.2 Benzimidazoles 

As mentioned above, most initial electrophilic substitutions in benzimidazoles 
take place at C-5, followed by attack at C-6. Elcctron donors in the 5-
position direct attach to C-4; electron-withdrawing groups usually lead to 
C-4 or C-6 substitution. Unless one is wanting to make simple compounds 
such as S-nitro or 5-sulfonic acid derivatives of benzimidazole, it is probably 
more satisfactory to use a ring-synthetic procedure based on a suitably 
substituted o-phenylcncdiaminc. Halogenations are also inclined to be multiple 
halogenations, e.g. both benzimidazole and 2-methylbenzimidazole very 
readily form the 4,5,6-trichloro derivatives. Many bromination regimes are 
cqually non-spccific, although NBS supported on silica gel is reponed to give 
2-bromobcnzimidazole in the first instan ce [ 18]. If the benzimidazole can be 
induced to rcact as its anion, 2-iodination can also be observed [19]. 

7.2.2 Electrophilic substitutions which involve metallic 
derivatives 

Carbanions generated by the formation of Ilthium dcrivatives or Grignard 
reagents react readily with a wide variety of clcctrophilcs. These include 
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the usual alky lating agents, aldehydes and ketones, acid chlorides, carbon 
dioxide, disulfides, organic nitriles and halogen sources. In addition there 
are the quenching agents which introduce a fonnyl group (DMF or methyl 
formate), cyano group (tosyl cyanide or cyanogen), nitro group (propyl nitrate, 
Nz04 or tetranitromethane), trimethylsilyl group (trimethylsilyl chloride) or 
tributylstannyl group (tributylstannyl chloride) [20]. 

The carbanions can be generated by metal-hydrogen or metal-halogen 
exchange, and conditions have now been refined to permit regiospecific 
metallation at the 2-, 4- and/or 5-positions of imidazole. The differing 
reactivities of anions at these sites can be used as a powerful synthetic tool. 
The reactions have been reviewed [20, 21]. 

7 .2.2.1 lmidazoles 

Provided that imidazolc is suitably N-protected, metallation at ring carbons 
occurs in the order C-2 > C-5 > C-4. The range of protecting groups has been 
surveyed in Section 7.1. N-Pí-otected imidazoles are monolithiated in the 2-
position, cornmonly at - 78·c, with n-butyllithium frequently the reagent of 
choice. If, however, the imidazole carries groups susceptible to nucleophilic 
attack, lithium diisopropylamide (LOA) is usually more successfuL Reaction 
conditions can be selected for specific 2-Iithiation even when the imidazole 
has substituents capable of reacting with the reagent. If the 2-position is 
already substituted, 5-Iithiation occurs readily. With 2-fiuoro-1-tritylimidazole, 
t-butyllithium reacts to form the 4-lithio derivative, presumably because 
of steric hindrance. One has to be aware of the possibility of lateral 
metallation of substituent groups such as methyl, benzyl and phenyl, e.g. 1,2-
dimethylimidazole can be lithiated at the 2-methyl group or at C-5 depending 
on the reagent and reaction conditions. The nature of the eventual product is 
dependent on the relative softness or hardness of the quenching electrophile. 
Conditions have now been determined to allow regiospecific lithiation at C-2 
or C-5, or lateral lithiation. With 2 mol of metallating reagent, 2,5-dilithiation 
is observed, allowing synthesis of 1,2,5-trisubstituted imidazoles. Since the 
5-anion is more reactive than the 2-anion it is possible to carry out selective, 
sequential quenching with two different electrophiles. 

Metal-halo gen exchange opens up further possibilities. At -50 to -11 o· e, 
2-bromo-, 2-iodo- (and, rarely, 2-chloro-) imidazoles give the imidazol-2- · 
yllithium derivatives, but any free annular NH group is lithiated first. Excess 
(at least two molar equivalents) metallating agent will give the N,C-dianion. 
Bromine atoros in other positions are less reactive (2-Br > 5-Br > 4-Br; the 
adjacent lone pair effect mitigates against anion formation in the 4-position), 
but this reactivity sequence is synthetically useful, e.g. in the conversion of 
2,4,5-tribromoimidazole into 4-bromoimidazole using four molar equivalents 
of n-butyllithium followed by addition of methanol [22]. In N-substituted 
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4,5-dibromoimidazoles, exchange occurs initially at C-5, but transmetallation 
with the 2-position can take place, especially if the reaction is allowed to 
warm up [23]. 

It is gencrally much more difficult to exchange at the 4-position, but 
an altemative approach to the generation of imidazo1-4-yl anions in 2-
unsubstituted irnidazoles adds ethylmagnesium bromide to an N-protected 
4-iodoirnidazole. Quenching with a variety of aldehydes and ketones 
gives good yields of irnidazolyl-4-carbino1s uncontaminated by 2-substituted 
products [24]. 

A selection of syntheses illustrates the potential of these procedures. 
For example, the synthesis of l-methylirnidazole-5-carbaldehyde (1) 
(Scheme 7.2.1) illustrates the uses of blocking groups and regiospecific 
metallation [25]. In this particular sequence around 10-15% of the regioisomer 
is formed at the quenching stage, resulting in a small amount of l-mcthyl­
irnidazole-4-carbaldehyde as a contarninant. 

Br 
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Me 
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Proccdures used in the following synthetic examples need dry apparatus and 
solvents, and often require specialized techniques (see Wakefield's monograph 
in this series [26]). 

4,5-Dibromo-1-methylimidazole-2-carboxylic acid [25] 

Toa stirred solution of 2,4,5-tribromo-1-methylirnidazole (lSg, 47mrnol) in 
THF at -7o·c under argon is added n-butyÚithium (1.1 eq.). After 30 rnin dry 
carbon dioxide (dry ice evaporated through a sulfuric acid towcr) is bubbled 
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into the solution (1 h) before allowing the mixture to come to room tempera­
ture. The lithium carboxylate is precipitated by addition of hexane and filtered 
under argon. Conversion to the free acid is achieved by dissolving the salid in 
50% aqueous ethanol, acidifying to pH 2 and refrigeration. The product crys­
tallizes as white need1es (7.40 g, 55%), m.p. IJ2-113'C. The material is dried 
under vacuum over P205, and can be stored in a vacuum dessicator for severa! 
months without significant decarboxylation. It does, however, decarboxylate 
in chloroform solution, presumably because of traces of HCI. 

4-Bromo-1,5-dimethylimidazole [25] 

Two equivalents of n-butyllithium are added to a lliF solution of the above 
product at - 70oC under argon to give a fine suspension. After 10 min methyl 
iodide (1.4 eq.) is added, and the mixture is allowed to warrn up to 0°C. A 
small amount of 2M HCI is added to quench the reaction, and the mixture 
is concentrated on a rotary e~aporator. The residue is dissolved in ethanol, 
and HCl is added until the pH reaches 2. The mixture is then reftuxed (l h) 
and concentrated in vacuo to give a residue which is purified by column 
chromatography on silica gel eluted with dichloromethane containing 10% 
methanol and 1% ammonia. The yield is 45%. Similarly prepared using DMF 
as a quenching agent is 4-bromo-1-methylimidazole-5-carbaldehyde (43%), 
m.p. 88-9o·c. Catalytic transfer dehalogenation removes the final bromine. 

N.N -Dimethyl-2,5-dimethylimidazole-1-sulfonamide [27 J 

To a stirred solution of N,N-dimethylimidazolc-1-sulfonamide (see 
Section 7.1.5) (1.33g, 7.6mmol) in DME (30ml) at -5°C is added n­
butyllithium (16.7 mmol) in hexane (12.12 mi) over 0.25 h. The solution is 
then cooled to -7s·c and quenched by the addition of iodomethane ( 1.3 mi, 
20.9 mmol). Stirring is then continued (12 h) at room temperature, after which 
the solution is extracted with 2M aqueous HCI (3 x 10 mi). The combined 
aqueous extracts are washed with diethyl ether (2 x 50 ml), basified with 
aqueous sodium hydroxide and saturated with NaCI. Repeated extraction 
with chloroform (4 x 20m!), drying and rotary evaporation gives the product 
(0.81 g, 53%), which is purified further by distillation, b0.26 65°C. 

2 -Nitroimidazole [28 J 

In a 250m! fiask a stirred solution of 1-tritylimidazole (3.1 g, IOmmol) in 
dry THF (100m!) is cooled to OoC before addition of n-butyllithium (8.5ml, 
ll mmol of 1.3 M solution in hexane) over 2 min. The initial colourless solu­
tion is stirred at ambient temperature (2 h), by which time a dark red colour 
has developed and the Iithium salt has separated as a white precipitate. A 
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solution of n-propyl nitrate (1.47 g, 1.4ml, 14mmol) in dry THF (15m!) is 
addcd dropwisc over 5 min. Stirring is continued (30-60 min) at ambient 
temperature (injection of neat n-propyl nitrate from a syringe in a single 
portion is equally effective). The red colour is quickly discharged, and the 
solid gradually dissolves with formation of a dark brown solution. Stirring is 
continued 30m in after the final solution has been achieved. The solution is then 
cooled to 0°C, diluted with methanol (lOO mi) and concentrated HCI (lO mi), 
and stirred ovemight at room temperature to remove the trityl group and to 
hydrolyse remaining traces of nitrate ester (hydrolysis can also be effected by 
refiux for severa! hours). The solvent is evaporated, and the rcsidue triturated 
with 50% aqueous ethanol (lO mi) and filtered. The filtrate is evaporated to 
dryness, and the residual orange-brown solid is chromatographcd on alumina 
(150g, grade III). Eluting the column with chloroform (SOOml) rcmoves 
triphenylcarbinol and other components. Further elution with 5% methanol 
in chloroform gives 2-nitroimidazo1e (0.33 g, 30%), m.p. 283-285°C. 

The 2-position can also be blocked by a silyl group to allow the preparation 
of 4(5)-substituted imidazolcs (2) (Scheme 7.2.2). 

E)[) ----'-"KO~H:__.,.. )[~ 
reflux / 

E N 
JI 
(2) 

S eh eme 7 .2.2 

General method: 4(5)-substituted imidazoles (2) [29, 30] 

Toa solution of the l-sulfonarnide (see Section 7.1) (l.Og, 5.71 mmol) in 
dry THF (30 mi) at - 78oC is addcd n-butyllithium (6.28 mmol) in hexane. 
The rcaction mixture is stirred at -78"C (30 rnin) to generate the 2-lithio 
derivativc. To this is added triethylchlorosilane (1.92 mi, 11.42 mmol), and the 
mixture is stirred at 20°C (16 h), after which time the solvent and any excess 
of chlorosilane is removed by evaporation under rcduced pressure and gentle 
heating. THF (30 mi) is added to thc residual oil, and the solution is cooled to 
-78°C before addition of s-butyllithium (11.42 mmol) in cyclohexane solution 
and further stirring to generate the 5-lithio derivative. The electrophile, e.g. 
dimethyldisulfide (1.62ml, 18mmol), is added and the mixture is allowed to 
warm up to 20°C. Stirring is continued (12 h), the solvents are removed by 
rotary evaporation and the residue is stirred (30 min) with 2M aqueous HCI 
(50 mi). The solution is washed with Iight petroleum (2 x 10 ml), basified 
to pH 11 with aqucous KOH solution (40% w/w), extracted with diethyl ether 
(6 x 30ml), dried (MgS04) and the solvent is evaporated. The crude product is 
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distilled under reduced pressure to give 5-methylthio-N ,N -dimethylimidazole-
1-su1fonarnide as a clear oil (1.16g, 92%), b0.3 170"C. Similarly prepared 
by addition of iodomethane to the 5-1ithio species is the 5-methyl derivative 
(96% ), and by addition of ch1orotrimethy1si1ane, the 5-trimethylsi1y1 derivative 
(88% ). The protecting group is removed by reftuxing ( 12 h) with aqueous KOH 
(2% w/w, ISO ml), removal of the water, trituration with THF (200m1), drying 
(MgS04) and evaporation. Products (2) prepared in this way are (E, yield 
given): PhCH2, 64%; Ph2COH, 78%; C02Et, 74%; C1, 72%; SMe, 90% (based 
on the immediate precursor); Me, 92% (based on the immediate precursor); 
CHO, 80.5%. The imidazo1e-4-carbaldehyde is isolated by extraction with 
methanol, evaporation to dryness, extraction of the brownish residue with 
hot ethyl acetate, evaporation to dryness and, fina11y, recrystallization from 
methanol [30]. 

General procedure: 1-protected 4-imidazolylcarbinols [24] 

A 3M so1ution of ethylniagnesium bromide (l eq.) in diethyl ether is 
added to a 0.25 M so1utíon of N-protected 4-iodoimídazo1e (suitab1e N­
protecting groups are trity1, SEM and dimethy1su1famoyl) (2 mmo1) in dry 
dich1oromethane at room temperature. After 30 min the aldehyde or ketone 
(1.1 eq.) is added, and the mixture is 1eft to stand overnight. Half-saturated 
arnmonium ch1oride so1ution is added, and the aqueous phase is extracted 
twice with dich1oromethane. The combined organic extracts are dried (MgS04) 
and concentrated in vacuo. Flash chromatography gives the pure products. 
Made in this way are the following 1-trity1imidazo1es: 4-(1'-hydroxyethy1), 
83%; 4-(1'-hydroxybenzy1), 79%; 4-(1'-hydroxy-2'-propeny1), 60%; 4-bis(p­
chloropheny1)hydroxymethy1, 69%. 

7 .2.2.2 Benzimidazoles 

1-Protected benzimidazoles are smoothly lithiated in the 2-position by LDA, 
n-hutyllithium and t-hutyllithium. Particularly useful are metallations of 
benzimidazoles protected by formaldehyde as hemiaminals, or a~ the 1-
(N ,N-dialkylamino)methyl derivatives. Reaction with a variety of electrophilic 
reagents, followed by acid-catalysed deprotection under míld conditions, 
leaves the 2-substituted benzimídazoles [31, 32]. 

General method: 2-substituted benzimidazoles [32] 

1-Hydroxymethylbenzimídazole (see Section 7.1.2), made from benzimídazolt: 
( 1.57 g, 13.3 mmol) and either paraformaldehyde or aqueous formaldehyde 
is suspended in dry THF (60 ml) in a ftask which has been evacuated 
and ftushed (three times) with dry argon. The mixture is allowed to warm 
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up to make a homogeneous solution. This is cooled to -78oC to givc a 
precipitare, to which freshly prepared LDA (2.0eq. from diisopropylamine 
(26.5 mmol, 3. 73 mi) and n-butyllithium (26.5 mrnol, 10.6 mi of 2.5 M hexane 
solution)) or n-butyllithium (26.5 mrnol, 10.6 ml of 2.5 M hexane solution) 
or t-butyllithium (26.5 mmol, 15.6 ml of 1.7 M pentane solution) are slowly 
added at -78oC. The cooling bath is removed to allow the solution to 
warm up to -20°C, and then aged at that temperature (30-60min) with 
efficient stirring to give a homogeneous yellow-orange solution which is 
again chilled to -78oC before quenching with the appropriate electrophile 
(1.0-1.1 eq.). Aftcr allowing the mixture to stand (2 h) at -78°C it is then 
slowly warmed to -20° C over 6 h. Deprotection is accomplished by quenching 
at OoC with aqueous amrnonium chloride (20ml), dilution with ether (IOOrnl) 
and careful extraction (four times) with 2M HCI. The aqueous ex.tracts are 
combined and made basic with ammonia and amrnonium carbonate with 
efficient stirring at 0°C. The precipitate which forms is filtered and dried 
(first at the filter pump and then under vacuum for 24 h) to give a solid 
which is washed with the appropriate solvent and recrystallized. If no precip­
itare forms, the aqueous !ayer ís extracted with ether or ethyl acetate, the 
solvent is dried and evaporated, and the crude product remaining is recrys­
tallized, e.g. (2-benimidazolyl)phenylcarbinol (72%), (2-benzimidazolyl)- p­
chlorophenylcarbinol (55%), (2-benzimidazolyl)diphenylcarbinol (46% ), (2-
benzimidazolyl)cyclohexanol (50%), 2-methylthiobenzirnidazole (58%) and 
2-phenylthiobenzimidazole (46%). 
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7.3 OTHER SUBSTITUTION METHODS 

7.3.1 Nucleophilic substitution approaches 

Nucleophilic substitutions are rather less synthetically useful than electrophilic 
methods except under special circumstances. lmidazoles are usually resistant 
to nucleophiles unless the molecules are activated by an electron-withdrawing 
group, or by quaternization. Benzimidazoles are rather more susceptible to 
nucleophilic attack, especially in the 2-position. Indeed, both imidazole and 
its condensed analogue are most likely to react at this si te. A nitro group at C-4 
of imidazole, though, can render a bromine or iodine at C-5 more reactive than 
one at C-2. In 1-substituted imidazoles, 5-halogens are replaced more readily 
than those at C-4, a function of the better delocalization in the developing 
Meisenheimer complex. Nucleophilic displacements of hydrogen are unknown 
or rare in imidazole chemistry; usually a halide, mesyl, tosyl or nitro group 
is displaced. In benzimidazoles, though, direct amination becomes possible 
at C-2 with sodamide, e.g. 1-benzylbenzimidazole can be converted into 2-
amino-1-benzylbenzimidazole {1]. 2-Aminobenzimidazoles are, however, not 
difficult to make by ring-synthetic methods (see Section 8.3). The usual 
interconversions of 2-benzimidazolones and 2-chlorobenzimidazoles may ha ve 
occasional application. 

Perhaps more useful are the transformations of diazonium salts. 
lmidazole-2-diazonium fluoroborate can be converted into the 2-fluoro- and 
2-nitroimidazoles, the former by heating or photolysis, the latter with sodium 
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nitrite. A number of 4-fluoroimidazoles can be made similarly, albeit in only 
moderate yields [2-5]. The use of diazonium salts in imidazole synthesis is 
limited both by the difficulty of making (and storing) the amino precursors 
(see Section 8.3), and by the high stability and concomitan! unreactivity of 
sorne 4-diazoimidazo1es [6]. 

Passing reference should be made here to the cine substitution reactions 
of 1 ,4-dinitroimidazoles, which give 5(4)-alkoxy-4(5)-nitroimidazoles when 
treated with alkoxides; similar reactions take place with secondary amines. 
Such reactions may prove to have preparative value [7, 8]. Nucleophilic attack 
by primary amines tends to cause ring opening in these compounds, and this 
may be followed by ring closure to give rearranged products. Por example, 
the treatment of 2-methyl-1,4-dinitroimidazole with p-toluidine in aqueous 
methanol gives a high yield of 2-meLhyl-4-nitro-1-(p-tolyl)imidazole (76%); 
aniline converts 4-nitro-1-(a-nitrobenzenesulfonyl)imidazole in aqueous 
methanol into 4-nitro-1-phenylimidazole [9]. This Ia~t reaction seems to 
provide a mild approach to the synthesis of 1-ary limidazoles provided that 
there is sufficient electron withdrawal in the hetero ring. 

4-Nitro-1-phenylimidawle [9] 

A suspension of 4-nitro-1-(a-nitrobenzenesulfonyl)irnidazole (made from 4-
nitroirnidazole, a-nitrobenzenesulfonyl chloride, and trietbylarnine) (0.745 g, 
2.5mmol) and ani1ine (l.Og, 11 mmol) in aqueous methanol (1:1; 20m!) is 
stirred and heated at 70°C (2 h). The mixture is then steam distilled, and 
the hot undistilled residue is filtered to give the above product (0.41 g, 
87%), m.p. 185-187"C. Cooling of the filtrate results in separation of 
o-nitrobenzenesulfonamide (0.42 g, 86%). 

2-Amino-1-benzylimidazole [ 1] 

Benzimidazole (4.8 g, 25 mmol), sodium hydroxide (1.6 g, 40mmol) and a 
satmated aqueous solution of N-henzyl-N-phenyldimethylarnmonium chloride 
(lOg, 38mmol) are heated together (1 h) on a steam bath to give, on cooling, 
1-benzylbenzimidazole (7.6g, 90%), m.p. 116-ll?"C. This is heated with 
sodamide in N ,N-dimethylaniline (1 h) at 90oC and finally at 120·c until 
evolution of hydrogen has ceased. The product (3.5 g, 42%) has an m.p. of 
194-195°C. 

Ethyl 2,4-dijluoroimidazole 5-carboxylate [5] 

To a solution of 2-arnino-4-ftuoroirnidazole-5-carboxylate (2.5 g, 14.5 mmol) 
in chilled 50% ftuoroboric acid (100m!) at -20 to -I0°C is added a solution 
of sodium nitrite (1.2 g, 17.4 mmol) in water (3 ml). The solution is irradiated 
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(3 h) at -60 to -40°C, at which time the diazonium chromophore (324 nm) 
has disappeared. The mixture is neutralized to pH 5-6 (at -20 to -IO"C) 
with cold 1M NaOH, and then extractcd with ethyl acetate (3 x 20ml). The 
combined organic extracts are dried (NazS04) and evaporated, and the residue 
is again extracted with chlorofonn (2 x 100 mi). The extracts are evaporated 
to give an oil which is chromatographed on a short silica gel column eluted 
with ethyl acetate-chlorofonn (1 :3). Rotary evaporation of the solvents gives 
the pure product (1.35 g, 53%), m.p. 107-109°C. 

The irradiation light source is a Hanovia 450 W medium-pressure Hg vapour 
lamp placed in a quartz immersion well. The reaction solution is contained 
in a 150 mi quartz semicircular ftask mounted as closely as possible to the 
immersion well. )';o light filter is used. The entire apparatus is immersed in a 
large Dewar ftask charged with dry ice-isopropano1 with the bath temperature 
maintained between -60 and -40"C during irradiation. 

7 .3.2 Radical substitution methods 

Although a number of such radical reactions are known, few promise much 
synthetic poten ti al. Ex.amples include the 2-phenylation of imidazole and benz­
imidazole by benzoy1 peroxide, but both products are more readily obtained by 
other routes. Homolytic alkylations of imidazole and benzimidazole also occur 
at C-2, but usually give indifferent yields [10]. A potentially useful reaction 
is the synthesis of 2- and 4-triftuoromethylimidazoles from imidazo1es and 
photochemically generated trifluoromethyl radicals. 1-Substituted imidazoles 
are largely substituted at C-5 in these reactions; benzimidazole reacts initially 
at the 4-position [ 11-14]. 

Trifluoromethylation of 4-methylimidazole [ 11] 

4-Methylimidazole (8.21 g, 0.1 mol) and trifluoromethyl iodide (9.8 g, 
0.05 mol) are dissolved in methanol (40 mi) and irradiated (7 days) at room 
temperature in a quartz tube (2 x 20 cm) fitted with a Tetlon stopper. The 
remaining air space is filled with dry argon, and the tube is mounted 5 cm 
from a 15 W Jow-pressure Hg larnp provided with air cooling. There is no 
noticeable increasc in temperature or pressure in the tu be. The reaction mixture 
is then evaporated to dryness under reduced pressure, and the residue is 
suspended in water (50 mi) and extracted with ethyl acetate (3 x 50 ml). The 
combined organic extracts are dried (MgS04 ) and again rotary evaporated to 
dryness. The residue is chromatographed on a column of silica gel (200 mi), 
eluting with diethyl ether. Recrystallization of the products from the column 
gives 4-methyl-2-triftuoromethylimidazole (1.61 g, 21.5%), m.p. 107-108"C, 
as colourless plates from benzene, 5-methyl-4-trifluoromethylimidazole (4.7 g, 
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63.4%), m.p. 178-179'C, as plates from benzene-ethanol and 5-methyl-
2,4-bis(trifluoromethyl)imidazole (0.32 g, 2.9% ), m.p. 174-176'C, as needles 
from ether. 
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Synthesis of Specifically Substituted 

lmidazoles and Benzimidazoles 

This chapter focuses on methods of preparation of imidazoles and benz­
imidazoles with a particular substituent at a specific ring position. The survey 
is largely confined to the preparation of compounds with substituent groups 
difficult to introduce by ring-synthetic methods. Accordingly, there are only a 
few references to benzimidazoles with substituents in the homocyclic ring, and 
these relate to groups best introduced by direct substitution in the preformed 
benzazole, or by modification of groups already present. There is naturally 
considerable overlap with the tapies covered in Chapter 7, and in most 
instanccs ring-synthetic procedures are merely listed with a cross-reference 
to earlier chapters. The content should be studied in concert with the index. 

8.1 HALOGEN GROUPS 

As discussed earlier (see Section 7.2), electrophilic monochlorination, 
-bromination and -iodination of imidazoles and 1-substituted irnidazoles is 
difficult because of the great propensity of the molecules to polyhalogenate. 
Methods have, however, been developed to achieve selective halogen 
introduction on all ring sites. Auorination is a special case (see below). 

8. 1.1 Fluoro derivatives 

2-Auoroimidazole and -benzimidazole can be made from the corresponding 
diazonium salts. This ncccssitates the prior synthcsis of the 2-arnino 
derivatives, a relatively simple proccss for benzirnidazoles [1], but less 
so for imidazoles. The Balz-Schiemann method gives the best yields 
for 2-fluoroimidazoles, although those yields can be as low as 30 -40%. 
Working in ftuoroboric acid will often improve matters. Both 4- and 5-
ftuoroimidazoles have been made similarly; they are somewhat more stable 
than 2-ftuoroimidazoles, but their preparation is made difficult by the problems 
of making and handling the 4(5)-arninoimidazole precursors, and the high 
stabilities of the derived diazonium salts [2-5]. (See also Section 7.4.) 

Although sorne nucleophilic ftuorinations have been reported in which 
potassium, caesium, silver or xenon ftuorides react with suitably activated 
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bromo- or iodoimidazoles, such procedures appear to be limited in their 
application [6, 7]. Electrophilic ftuorinations, too, are confined to reactions of 
metallic derivatives, e.g. both 2- and 4-ftuoroimidazoles have been made from 
the lithium derivatives. Reaction of 2-lithio-1-methylimidazole with perchloryl 
ftuoride gives a greater than 50% yield of 2-ftuoro-1-methylimidazole [8]. 
Rather more convenient appear to be the reactions of caesium ftuoroxysulfate 
or ftuorine at -78"C with the appropriate 2- and 5-trimethylstannyl derivatives 
which are readily available, although methods do not yet appear to be 
optimized. Mercury derivatives react similarly, but they are more difficult 
to prepare and purify [9, 34, 35]. 

2-Fluoro-1-methylimid.azole [2] 

A solution of sodium ni tri te (3.04 g, 44 mmo1) in water (lO mi) is s1owly added 
to a stirred solution of 2-amino-1-methylimidazole [33] (6.06 g, 40 mmol) in 
8.5M tetraftuoroboric acid (250m!) cooled to -20"C. Sodium tetrafluoroborate 
is then added until saturation has been achieved. Nitrogen is bubbled through 
the reaction mixture, which is now irradiated at -30"C until the a-naphthol test 
for diazonium salts is negative (~5 h). The resulting solution is neutralized first 
with cold sodium hydroxide solution, then sodium hicarbonate, befare filtering 
under vacuum. The filtrate is continuously extracted with dichloromethane 
(24 h), the extracts are dried (Na2S04) and the solvent is removed in vacuo. 
Vacuum distillation of the residual oil gives the product (1.90g, 48%), bz4 

66-69"C. 

1-M ethyl-2- trimethylstannylimidazole [ 34] 

To a solution of 1-methy1imidazole (3.28 g, 40 mmo1) in freshly distilled THF 
(50 mi) cooled to --lO"C is added a so1ution of n-butyllithium (40 mmol) in 
hexane (25 ml) over 1 h. The solution is kept at -·10°C and stirred (1 h) befare 
adding a solution of trimethyltin chloride (40 mi) in diethyl ether (50 mi) over 
1 h via a syringe. The mixture is allowed to wann to room temperature, filtered 
using conventional Schlenk apparatus, and the so1vents are removed under 
reduced pressure. The product is isolated by distillation ( 10.79 g, 73% ), b0.5 

84-86°C. 

8.1.2 Chloro derivatives (see also Sections 7.2.1.1 and 7.2.2.1) 

Clean monochlorination of all possible ring positions in imidazo1e is 
most like1y to be successfu1 using the lithio precursors, e.g. 1-benzy1-
2-lithioimidazo1e reacts with hexachloroethane to give 1-benzy1-2-chloro­
imidazole [lO, 11 ]; quenching the 2-lithio derivative of 1-tritylimidazole with 
chlorine, followed by deprotection gives 2-chloroimidazole in 39% yield 
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(see Section 8.1.4) [3]. There are many other examples, including those in 
which C-2 of imidazo1e is protected by a triethylsilyl, t-butyldimethylsilyl 
or dimethylcarboxamido group. The anion is then formed at C-5, opening 
the way to the preparation of 4(5)-chloroimidazole (Scheme 8.1.1) [12, 13]. 
Conversions of 2-irnidazolinones into 2-chloroimidazoles with phosphoryl 
chloride (ideally with copper(I) chloride catalyst) may have occasional 
application [14], but other nucleophilic chlorinations depend on sufficient 
electron withdrawal being present in the ring, e.g. 5-chloro-4-nitroimidazole 
can be made by heating the bromo analogue with concentrated hydrochloric 
acid [ 15]. Halodenitrations are al so possible if there is more than one nitro 
group in the ring [5]. 

() 
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H 

_!_:_~~NMez, BJN 
2. nBuU 
3. El3SiO 

Scheme 8.1.1 

l. sBul.i 
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Both benzirnidazole and 2-methybenzimidazole undergo polychlorination in 
the fused benzene ring (the former forms 4,5,6-trichlorobenzimidazole), but 
the reactions are difficult to control. If 2-chlorobenzimidazole is requircd, the 
most convenient routes are from 2-benzirnidazolone or from benzimidazole 
1-oxide treated with phosphoryl chloride [ 14, 15]. Ring-synthetic approaches 
to chloroirnidazoles include cyclizations of oxamides with PCis to give 1-
substituted 5-chloroimidazoles (see Section 2.1.1). There is also a specific 
synthesis of 4,5-dichloroimidazoles from cyanogen and aldehydes in the 
presence of HCI (see Section 3.1.1). 

4(5)-Chloroimidazole [12] 

Toa so1ution of N,N-dimethylimidazole-1-sulfonamide [17] (see Section 7.2.6) 
(l.Og, 5.71 mmol) in THF (30 mi) at -78·c is added n-butyllithium (6.28 mmol) 
in hexane. The reaction mixture is stirred at - 1s•c (30 min). To this is added 
triethylchlorosilane (1.92 ml, 11.42 mmo1), and the mixture is stirred at 20'C 
(16 h), befare excess chlorosilane and solvent are removed under reduced 
pressure and gentle heating. THF (50 mi) is added to the resulting oil, the solution 
is cooled to -78·c, s-butyllithium (11.42 mmol) in cyclohexane solution is 
added, and the mixture is stirred at --78·c (30 min) to generate the 5-lithio 
derivative. To this is added dimethylsulfamoyl ch1oride (1.84ml, 17.14mmol), 
and the mixture is stirred at - 78·c (30 min), then at 20'C (2 h). So1vents are 
removed, and the residue is stirred with 2M aqueous HCI (lOO ml) at 2o·c 
(1 h). The resulting solution is washed with light petroleum (2 x 1 O m1), and 
basified to pH 11 with aqueous potassium hydroxide (40% w/w). Extraction of 



230 8. SYNTHESIS OF SUBSTITUTED IMIDAZOLES AND BENZIMIDAZOLES 

the aqueous !ayer with ethyl acetate (6 x 30 ml), drying (MgS04) and rotary 
evaporation gives the crude product as a tan salid. Recrystallization from 
cyclohexane-dichloromethane gives pure 4-chloroimidazole (0.42 g, 72% ), 
m. p. 120-121 °C. (See also the altemative route in Section 7.2.1.) 

8. 1.3 Bromo derivativas 

Imidazo1es and benzimidazoles polybrominate with great ease with most 
brorninating agents (see Section 7.2.1), and even imidazo1es with electron­
withdrawing substituents can be brominated at vacant sites [16]. Attempts to 
make use of the re1ative positional reactivities (0.45:0.2 (4(5)-:2-substitution 
of irnidazole); 2.3:1.7:0.8 (5-:4-:2-substitution for 1-methylimidazole) are 
seldom successful for synthetic purposes, although Denny has successfully 
monobrominated imidazole in the 4-position in an acceptable yield by 
careful addition of NBS in DMF (see Section 7.3.1). The conventional route 
to 4-bromoimidazole has been by "reduction" of 2,4,5-tribromoimidazole 
with sulfite or triphenylphosphite [5]. The more recent sequential use 
of butyllithium and water provides a logica1 altemative route to 4-
bromoimidazo1e (the anions form most readi1y at C-2 and C-5). It is 
therefore possib1e to rep1ace the bromine atoms by hydrogen in a stepwise 
manner in the arder 2 > 5 > 4 by emp1oying onc, two or three molar 
equivalents of butyllithium [18-20]. for the preparation of 2-iodoimidazo1e 
see Section 8.1.4. 

4-Bromo-2-ethylimidazole [21] 

Brornine (10.24 mi, 200 mmol) is added dropwise toa stirred, ice-cooled solu­
tion of 2-ethylimidazo1e (8.54g, 89mmo1) in ethano1 (150m!). After stirring 
at room temperature ( ~ ~ h), 5 M aqueous sodium hydroxide ( 45 ml) is added, 
to give a so1ution with a pH of about 6.5. To this is added a so1ution of 
sodium sulfite (120g) in water (11), followed by further ethanol (100m!) and 
water (100m!), to give on warming to about 40oC a yellow solution which is 
reftuxed (18 h). The resulting solution is concentrated to ha1f its volume, and 
then extracted wiLh chloroform (3 x 250 mi). The combined extracts are dried 
(MgS04), filtered and rotary evaporated to give a white salid (6.1 g, 38% ). 1 H 
NMR: 1.19, t, 3H, CH3; 2.78,·q. 2H, CH2 ; 6.95, s, IH, H-5. 

1-Benzyl-4-hromoimidazole [20, 22] 

n-Butyllithium (l.78M in hexane, 68.2ml, I20mmol) is added dropwise toa 
stirred solution of 1-benzyl-2,4,5-tribromoimidazole (20.0 g, 50.63 mmol) in 
dry diethyl ether (175 ml) at -78oC under dry, oxygen-free nitrogen. The 
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resulting mixture is stirred at -78oC (1 h), water (50 ml) is thcn added, and 
stining is continued for a few minutes befare separation of the ethereal 
and aqueous layers. The Iatter is extracted severa! times with ether, and 
the organic layers are combined, dried (MgS04) and evaporated to give an 
oil which is chromatographed on alumina using gradient elution with 1ight 
petroleum containing increasing proportions of ethy1 acetate. The product 
(8.5 g, 71 %), after removal of the solvent, is recrystallized from ethyl 
acetate-light petro1eum, m.p. 88-9C 

The difficulty of monobrominating benzimidazole and its 1-substituted 
derivatives mirrors the state of affairs with the uncondensed imidazoles. 
Electrophilic bromination occurs at first in the 5-position, then at C-7, but 
excess brominating agent often substitutes all available positions on the fused 
benzene ring [23]. lt has been found, though, that NBS supported on silica 
gel forms the 2-bromobenzimidazole (67%) in the first instance [32]. The 
same compound can also be made from 2-benzimidazolone, and it should 
be readily available via the 2-anion formed by reaction of an N-protected 
benzimidazole with LDA, n-butyllithium or t-butyllithium. Hydroxymethyl 
and N-(dialkylarnino)methy1 protecting groups would appear to be the best 
choices [24, 25]. 

8. 1.4 lodo derivatives 

Many earlier references to iodoimidazoles need to be read with caution 
because of the perpetuation of an historical error which represented 4,5-
diiodoimidazole as its 2,4-isomer. The matter has now been clarified, but 
a number of pub1ications prior to 1980 contain misleading data [5, 26]. 

Iodination of imidazole with iodine and potassium iodide in aqueous sodium 
hydroxide gives mainly 2,4,5-triiodoimidazole, but minar changes to the reac­
tion conditions can give 4,5-diiodoimidazole (not 2,4-diiodoimidazole - see 
above) as the majar product [27]. The 4-monoiodoimidazole becomes avail­
able by reductive methods (e.g. with sodium sulfite) in up to 70% yield 
[26-28]. 1-Methylimidazole is much more difficult to triiodinate, but under 
a variety of reaction conditions mixtures of mono-, di- and triiodo prod­
ucts are formed, with the 4,5-diiodo species usually predominating. It can 
be formed almost exclusively (up to 95%) [29]. The 2- and S-iodo derivatives 
can be made from the lithio derivatives [3, 11 ], but 2-iodo- ( or 2-bromo-) 
imidazole is not readily available from 2-1ithio-1-phenylsulfonylimidazole 
[30]. When 1-benzyl-2-lithioimidazole is quenched with 2-nitroiodobenzene 
the 2-iodo product is formed in only 35% yield [11], while lithiation of 1,2-
dimethylimidazole and quenching with fine1y divided iodine gives a poor 
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yield (~16%) of 2-iodo-1,2-dimethylimidazole. It is possible that sorne lateral 
metallation is taking place [22]. Considerable work has been done on conver­
sions of 1-tritylimidazole into 2-halogenoimidazo1es. When quenched with 
NIS or iodine the 2-lithio-1-tritylimidazole gives a 40% yield of the 2-iodo 
product; with NBS the bromo analogue is formed in 35% yield; NCS gives 
only about 5% of the 2-chloro product, but t-butyl hypochlorite raises the 
yie1d to 39%. Since the trityl group can be removed almost quantitatively, this 
approach appears to be a useful one [3]. 

2-lodoimidazole [3] 

Toa solution of 1-tritylimidazo1e (see Section 7.1.1) (0.62 g, 2 mmol) in THF 
(freshly distilled from LiA 1 H4, 25 ml) at OoC in a nitro gen atmosphere is 
added n-butyllithium (l.6M in hexane, 1.5 m1). The solution, which gradually 
tums red, is stirred at room tcmperature (1.5 h), then cooled to OoC befare 
the dropwise addition of fine! y divided iodine (0.508 g, 2 mmol) (similar 
resu1ts are obtained using NIS) in THF (5 rnl) over a period of 5 min. After 
an additiona1 1 O min at 0°C, the mixture is poured into water (25 m1), thc 
solution is concentratcd by rotary evaporation and extracted with ether, and the 
organic layers are dried (Na2S04) and concentrated. Chromatography on si1ica 
gel e1uted with ether-pctroleum ether (l: l) gives 1-trityl-2-iodoimidazole 
(0.35 g, 40%) which, on recrystal1ization from ethyl acetate-cyclohexane 
has an m.p. of 170-172oC. Similarly prepared are (2-halogen substituent, 
quenching agent, yie1d, m.p. given): bromo, NBS, 35%, 208-209oC; ch1oro, 
t-butyl hypochlorite, 39%, 208-210°C. Remova1 of the trityl group in 
each instance is achieved by the following method. 2-Iodo-1-tritylimidazole 
(0.350 g, 0.8 mmol) is heated under reflux (30 rnin) in 5% methanolic acetic 
acid (5 rnl). After evaporation of the solvent, water is added to Lhe residue, 
the solution is chilled and filtered, and the filtrate is evaporated to give 2-
iodoirnidazole (0.155 g, 99%), m. p. 190-192°C. Sirnilar1y prepared are the 
2-bromo- (>99%, m.p. 197-I98°C) and 2-ch1oro- (98%, m.p. 166-16rC) 
imidazo1es. 

4,5-Diiodoimidazole [31] 

A so1ution of iodine (0.15 g, 59 mmo1) in 10% aqueous potassium iodide (20 g, 
120 mmol in 200 ml) is added dropwise to a stirred solution of imidazole 
(2.30 g, 34 mmol) in 2M sodium hydroxide (200 ml) at room temperature. 
The mixture is stirred overnight. Addition of 25% aqueous acetic acid is 
continued until the mixture is neutral. The white precipitate which forms is 
filtered, washed with water and air dried befare recrystallization from ethanol 
as colourless crystals (6.42 g, 42%), m.p. 197 -198°C. 
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2,4,5-Tríiodoimidazole [31] 

An aqueous solution of iodine (20.32 g, 80 mmol) and potassium iodide 
(26.56 g, 160 mmol) in water (200 ml) is added dropwise to a stirred solution 
of imidazole (1.36 g, 20 mmol) in 2M sodium hydroxide (200 ml) at room 
temperature. The mixture is stirred ovemight, and 25% aqueous acetic acid is 
added to bring the pH el ose to 7, when a creamy precipitate forms. This is 
filtered, washed with water and air dried befare recrystallization from ethanol 
as colourless crystals (8.15g, 91%), m.p. 191°C. 
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8.2 NITROGEN GROUPS 

8.2.1 Nitro derivatives 

4(5)-Nitroimidazo1es are readily made by nitration of imidazo1e or 1-
substituted imidazo1es in concentrated su1furic acid (see Section 7 .2.1 ). lt 
is much more difficult to make 2-nitroimidazo1es since direct nitration is 
seldom observed in the 2-position. Although e1ectrophilic nitrodehalogenation 
reactions, too, occur mainly at C-4(5) [!], Katritzky has recently selectively 
nitrodeiodinated 2,4,5-triiodoimidazo1e to prepare 2,4(5)-dinitro-5( 4)-iodo­
and 2,4,5-trinitroimidazo1es, a1beit in poor yie1d [2]. Other routes to 2-
nitroimidazo1es include those which react a diazonium fluoroborate with 
the nitrite ion, and methods which oxidize 2-arnino derivatives, themse1ves 
often on1y avai1ab1e by 1aborious sequences. The most appealing routes to 2-
nitroimidazoles are the methods which make the 2-lithio derivative and treat 
it with a source of nitronium ion (e.g. n-propy1 nitrate or N20 4) [3-5] (see 
Section 7 .2.2). 

Biological oxidation of a 2-arninoimidazo1e gives poor yields ( <38%), and 
none at all with 1-alky1-2-aminoimidazoles. Nor will oxidation with peroxy­
trifluoroacetic acid work. It is, however, satisfactory for the oxidation of 
4-arninoimidazo1es (which are usually rather unstable compounds). The most 
comrnon way of making 2-nitroimidazoles is from the diazonium fluoro­
borates subjected to the Gattermann reaction (see Section 7.3 ). Yie1ds vary 
from 20 to 50% [6, 7], and again are dependent on the avai1abi1ity of the 
2-aminoimidazoles (see Section 8.2.2). 

1-Alkyl-5- and 1-alkyl-4-nitroimidazoles can be made with a good degree of 
regiospecificity by alkylation of 4(5)-nitroimidazole in neutral and basic media, 
respectively (see Section 7.1.1 and Tab1e 7.1.1). See a1so the cine nuc1eophilic 
substitutions of 1,4-dinitroimidazo1es (Section 7.3.1). 

8.2.2 Amino derivatives 

Attention here focuses on the synthesis of primary arnino derivatives, 
especial1y 2-arninoimidazoles and -benzimidazoles. 4(5)-aminoimidazoles are 
often quite unstab1e compounds which may be difficult to iso1ate [8]. The 
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4(5)-amino-5(4)-cyanoimidazoles are, however, now well known and are of 
special interest because they can be converted into purines. 

2-Aminobenzirnidazoles are readily made from o-phenylenediarnines 
cyclized in the presence of cyanogen chloride (or brornide) or cyanamide 
(see Section 3.1.2). Yields are high, and the general method can be adapted to 
give 2-substituted arnino and 1,2-diarnino derivatives. This general approach, 
then, would normally be the first to be considered. Alternatives utilize 
the susceptibility of 2-bromobenzimidazole to nucleophilic displacement by 
an arnine in the presence of copper(l) brornide (see Section 7.3.1), direct 
nucleophilic arnination of benzimidazoles by sodamide (see Section 7.4), 
the oxidative cyclization of an o-arninoarylthiourea, or reduction of o­

cyanoarninonitrobenzenes (see Section. 2.1.1 ). 
In theory, 2-arninoirnidazo1es should also be accessible by ring synthesis, 

by reduction of 2-nitro- or 2-azoimidazoles, or by nucleophi1ic substitution 
methods. Practically, none of these are straightforward. One route which 
givcs quite good yields is an adaptation of the Marckwald synthesis in which 
the cyanate, thiocyanate or isothiocyanate is rep1aced by cyanarnide (see 
Section 4.1). Guanidines. will react with suitably a-functionalized carbony1 
compounds to give up to 90% yields of 2-arninoimidazoles, e.g. reaction 
of benzoin with diguanylhydrazine (see Section 4.3). DAMN reacts with 
isocyanide dichlorides or cyanogen chloride to give 2-arninoimidazoles (see 
Section 3.1.1 ), and 2-acylarninoimidazoles can be made from 3-arnino-1 ,2,4-
oxadiazoles (see Section 2.2.1). 

N-Unsubstituted 4-aminoirnidazoles can be made in 60-80% yie1ds by 
cyclization of a-arnidinonitriles, or more directly by heating an irnidate with 
an a-arninonitril~. The products are esters of 4-arninoimidazo1e-2-carboxylic 
acids. An alternative route cyclizes suitably substitl.}ted guanidines in acidic 
conditions. The guanidines are made, for example, from arninoaceta1dehyde 
dialky1 acetals and cyanarnide (see Section 2.2). 

If a 1-substituted 4-aminoirnidazole is required, the reaction between an 
ortboforrnic ester and benzy1oxycarbony1 or tosyl deriva ti ves of aminoacelami­
dine may be appropriate (see Section 3.1.1). 

The altemative 5-amino-1-substituted irnidazo1es are usual1y made by 
reactions between primary amines and alky1 N -cyanoalkylirnidates (see 
Section 3.2). Other possibilities include ring closure of formy1g1ycineamidines 
by heating them alone or with phosphory 1 ch1oride (yie1ds are usually 
low) (see Section 2.1.1), cyc1ization of a-cyanoalkylcyanamides (to form 
5-arnino-2-bromoimidazoles) (see Section 2.2), alkylation of ary1amino­
methy1ene cyanamides or cyanoirnidothiocarbanates with a-halogenocarbony1 
compounds (gives 4-acyl-5-arninoimidazo1es) (see Section 2.3), and cycliza­
tions of DAMN with amidrazones (to 1,5-diarninoirnidazoles) (see 
Section 2.2.1 ). 
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The synthetically ímportant 4-amino-5-cyanoimidazoles are mainly derived 
from reactions of the commercially available reagent DAMN. With nitrilium 
triflates, amidinium salts are formed in the first instance, but in the pres­
encc of bases these cyclize to give a variety of products. Careful control 
of thc base can Iead to poor to moderate yields of 2-substituted 4-amino-
5-cyanoimidazoles. With formamidine, DAMN gives the parent 5-amino-4-
cyanoimidazole (in thc N-unsubstituted species it is Iikely that the 4-cyano 
tautomer predorninates). Better yields are possible if DAMN is refluxed in dry 
dioxan with triethyl orthoformate to form the imidate, then treating this with 
ammonia to form the formamidine intermediate, which is cyclized as before 
(see Section 2.2.1). Base-catalysed cyclization of the product which is formed 
when N-cyanoacetamido esters and glycine esters (or a-aminonitriles) react 
in the presence of triethylamine is also reported to give 40-90% yields. N­
Cyanoiminodithiocarbamic esters react with a-cyanoammonium salts to form 
isothiourea intermediates, which also cyclize in basic media (see Section 2.3), 
and low yields (10-60%) of 5-amino-4-cyanoimidazoles are also obtained 
when imidates react with aminomalonodinitrile (see Section 4.1). 
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8.3 ACYL GROUPS 

8.3.1 Carboxylic acid derivatives 

This section is limited to a description of the synthesis of imidazoles 
substituted by carboxyl or carboxylate at the 2-, 4- and 5-positions, and 
benzirnidazoles substituted at C-2. 

In addition to the many ring-synthetic procedures which give carboxyl­
substituted products, there is also a variety of other methods which can be 
applied to the prefonned rings. Oxidation of an alkyl group is an obvious 
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possibility provided that other groups in the ring are unaffected by strong 
oxidizing agents [1]. 

Direct introduction of a carboxyl group can be achieved vía the Grignard 
reagent or lithiated irnidazole (see Section 7.2.2). This approach is especially 
valid for making 2-carboxylic acids, but 4- and/or 5-carboxylation is possible 
when C-2 is blocked (see Scheme 7.2.2), and if the differential reactivities of 
anions at these positions are utilized by careful control of reaction conditions. 
An examplc has been included in Section 7.2.2, and many others are listed in 
lddon and Ngochindo's recent review [2]. 

Oxidation of substituents such as hydroxyalkyl or aldehyde can also give 
carboxylic acid groups, and once the carboxyl group has been introduced it can 
easily be converted into the usual acid derivativcs, or reduced to an alcohol or 
aldehyde [3]; it is usually preferable to reduce the carboxyl group al! the way 
to hydroxymethyl, then reoxidize this to the aldehyde (see Section 8.3.2). 

Usually decarboxylation is accomplished by heating the acids above 
their melting points, often in the presence of a copper-chrornium catalyst. 
lrnidazole-4,5-dicarboxylic acid can be monodecarboxylated by heating its 
monoanilide; imidazole- and benzimidazole-2-carboxylic acids decarboxylate 
very readily indeed, so readily that the carboxyl function makes a useful 
blocking group in metallation procedures (see Scheme 7.2.1) [3-5]. A 
potentially useful method of preparation of imidazole-4-carboxylic acid 
derivatives heats the 4,5-dicarboxylic acid (2) with acetic anhydride to form 
(1), which is essentially an azolide and very prone to nucleophilic attack which 
cleaves the nitrogen-carbonyl bond (Scheme 8.3.1). With methanol the methyl 
ester (3) is formed; with hydrazines the 4-hydrazide"s (4) result [6]. 

(2) 

Ac20 - !J. 

o 

F-N~ 
N~N---!/N 

o 
(1) 

Scheme 8.3.1 

Diimidazo[3,4-a;3',4' -d]piperazin-2,4-dione (1) [6] 

A mixture containing an excess of acetic anhydride and imidazole-4,5-
dicarboxylic acid (2) (5.0 g, 32 mmol) is magnetically stirred and heated under 
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refl.ux (36 h). The solution is then evaporated in vacuo, and the residue is 
washed with tetrach1oromethane and then sublimed to give (1) (3.1 g, 51%), 
m.p. 254-255°C, after recrystallization from benzene. 

4-( 2', 2' -Dimethyl)imidazolecarbohydrazide ( 4) [ 6] 

1,1-Dimethylhydrazine (1.8g, 30mrnol) is addcd to (1) (O.Sg, 2.7mrnol) 
and 1eft at room temperature (24 h). The semi so lid product is washed 
with tetrachloromethane and dried under vacuum to give the crude 
dimethylhydrazide (0.39 g, 94%). Recrystallization from benzene-methanol 
gives the pure product, m.p. 277-278oC. 

The earliest method of making imidazo1e-4,5-dicarboxylic acids combined 
tartaric acid dinitrate with an aldehyde in the presence of arnmonium 
ions (see Chapter 5). While this method may still have sorne validity, the 
parent compound (2) is also formed on oxidation of benzirnidazole (see 
Section 6.1.2.4 ), and a range of 1-substituted derivatives can be prepared 
starting from 4,5-dicyanoirnidazo1e (now commercially availab1e or readily 
made by heating DA..\1N and triethyl orthoformate in aniso1e). The dinitrile 
can be alkylated and then hydrolysed to give l-alky1irnidazo1e-4,5-dicarboxylic 
acids in high yields. Alternatively, the sequence from DAMN can be 
performed in diglyme, a solvent which facilitares 1arge-scale preparation of 
the dicarboxy1ic acids in comparable yields without isolation of the 4,5-
dicyanoimidazole [7). The 1-substituted dicarboxylic esters can also be made 
by modification of the thiocyanate method [8]. 

1-Methylimidazole-4,5-dicarhoxylic acid [7] 

A solution of 1-methy1-4,5-dicyanoimidazole (105.0 g, 0.796 mol) in 6 M 

sodium hydroxide (750 mi) is reft llxed (2 h) with vigorous stirring. The hot 
solution is carefully acidified to pH 2 with concentrated HCl. Cooling to room 
temperature, tiltration, and drying the precipatc ut lOOoC ovemight gives the 
dicarboxylic acid (108.8 g, 81 %), m.p. 259-260°C. 

Altemative precedure using diglyme [7] 

To diglyme (lOO ml) is added DAMN (30 g, 0.32 mol) and triethyl ortho· 
formate (54 rnl, 0.32 mol). The homogeneous mixture is heated to a baü 
temperature of 135°C with stirring until distillation of ethanol ceases. Sodiurr 
methoxide (l.Og, 20mmol) is added slowly, and heating is continucd til 
no more distillate is co!Jected. The diglyme is then removed by distilla 
tion in vacuo (b21 135°C), removing final traces of diglyme at 0.13 mbru 
To the residuc is added water (250 mi) followed by careful addition of sodiun 
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bicarbonate (42g, 0.50mol). The solution is heated to 65·c with stirring, 
dimethyl sulfate (38 rnl, 0.41 mol) is added dropwise (1 h) and the solution is 
stirred at 65'C (l h). Cooling is followed by extraction with 5% methanol in 
ethyl acetate (4 x 250ml). The combined organic extracts are washed with 
brine, dried (Na2S04) and evaporated. The resiciue is refluxed (2 h) with 6 M 

sodium hydroxide (300 ml). Acidification to pH 2 with concentrated HC1 preci­
patates a light brown solid which is purified by suspension in water (250ml), 
then adding solid sodium bicarbonate until the solid dissolves. The solution is 
then carefully acidified with 4 M HCI and allowed to crystallize at o· e to give 
1-methylirnidazole-4,5-dicarboxylic acid (25.5 g, 54%), m.p. 254-256·c. 

Once this dicarboxylic acid has been made it should be possible 
to remove selectively one of the carboxyl groups, e.g. treatment with 
N ,N -dimethylacetamide at 18o·c for 4 h is reported to give the 1-methyl-
4-carboxylic acid, whereas heating in acetic anhydride at wo·c ( 4 h) leads 
to specific 4-decarboxylation to give the 1-methyl-5-carboxylic acid [9]. It is 
apparent, however, that the specificity is not quite this good, with mixtures 
of isomeric products being obtained, especially with N ,N-dimethylacetamide. 
Separation of the isomeric products is best accomplished by converting 
the products into their methyl esters which can be efficiently separated 
by fractional sublimation. The 1-methyl-5-carboxylate ester is the more 
volatile [7]. 

1-Methylimidazole-5-carhoxylic acid [7] 

A mixture of the dicarboxylic acid (2l.Og, 0.12mol) and acetic anhydride 
( 600 ml, dried o ver 4 A sieves) is heated at 100• C ( 4 h) with vigorous stirring. 
The mixture is evaporated in vacuo, and the residue is triturated with acetone, 
and azeotropically dried with toluene to afford the product (14.6 g, 95% ), 
m.p. 245-248·c (dec). 

1-Methylimidazole-4-carhoxylic acid [7] 

A mixture of the dicarboxylic acid (0.850 g, 5 mmol) and N ,N­
dimethylacetamide (25 mi) is heated at 18o·c (3 h). The mixture is evaporated, 
and Lhe residue is triturated with benzene, followed by recrystallization from 
ethanol to give the product (0.470 g, 75% ), m.p. 245-246·c. A substantial 
amount of the other isomer is also formed. 

Specific prcparation of each of the above isomers should theoretically be 
possible by methylation of imidazole-4-carboxylic acid in neutral and basic 
media. Methylation yields, however, are unlikely to be high, and the separation 
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of mixtures will be necessary. Sorne methyl ester formation is also to be 
expected. 

Ring-synthetic procedures which lead to carboxyl-substituted imidazoles 
are usually multistep and seldom give high yields. Nevertheless, they are 
frequently the only viable routes to products with a particular substitution 
pattern. A summary of the methods available follows. 

lmidazole-2-carboxylates can be made by arnidine cyclization (see 
Section 2.2.1 and Table 2.2.2), by reaction of an arninocarbonyl compound 
with thioxamate (see Section 4.1 and Scheme 4.1.6), and from 1-cyano­
or 1-carbethoxy-substituted 4-amino-2-azabutadienes (see Section 3.2 and 
Scheme 3.2.3). An improved arnidine cyclization treats trichloroacetonitrile 
with aminoacetaldehyde dimethyl aceta) to give the arnidine (5), which 
cyclizes with trifluoroacetic acid at room temperature to give 2-
trichloromethylirnidazole (Scheme 8.3.2). This is not purified, but converted 
immediately into ethyl irnidazole-2-carboxylate or irnidazole-2-carboxylic acid 
in high yields [10]. 

~H 
11 . 

CCJ.:¡C~ 

+ C~C-C-~HCH2CH(0Men 
(5) 

~~~ ROH 
~ .)-__ -

N CCh 
H 

Scheme 8.3.2 

N-(2,2-Dimethoxyethyl)trichloroacetamidine (5) [ 10] 

Aminoacetaldehyde dimethyl aceta! (10.9ml, 100mrnol) is added dropwise to 
a stirred solution of trichloroacetonitrile (l4.4 g, 100 mrnol) in THF (25 ml) at 
-35 to -4o·c under an argon atmosphere. The cooling bath is removed to 
aJJow the temperaturc to rise to ambient, before diluting the mixture with ethyl 
acetate, washing with water, drying (Na2S04) and concentrating in vacuo to 
give an oil ( ~24.5 g, 98%) which spontaneously crystallizes, m. p. 44-4s·c. 

Ethyl imidazole-2-carboxylate (6) (R = Et) [10] 

The amidine (5) (2.00 g, 8.0 mmol) is added at o· e to trifluoroacetic acid 
(2 mi). The solution is Jeft to stand at room temperature (24 h). Absolute 
ethanol (20ml) is added, and the solution is heated under reflux (4h) before 
removaJ of the solvent under reduced pressure. Ethyl acetate is added to the 
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residue, and the solution is filtered through a pad of Act.l neutral alumina. 
Evaporation of the filtrate in vacuo gives the ester (6) (R = Et) as a solid 
(0.87 g, 73%). Crystallization from ethyl acetate gives the pure product, 
m.p. 175-177°C. Similarly prepared by addition of water to the trifluoroacetic 
acid solution of the 2-trichloromethylimidazole is imidazole-2-carboxylic 
acid (6) (R = H) (94% ), m.p. 166-16TC. 

Benzimidazole-2-carhoxylates can be made by cyclization of 2,4-
dinitrophenylaminoalkenes (see Section 2.1.2.2 and Scheme 2.1.24), and from 
the reaction of oxalic acid with an o-diaminobenzene (see Section 3.1.2). See 
also Section 7.2.2 for methods which utilize 2-lithiobenzimidazole. 

/midazole-4-carboxylates have been made from amidines derived from ex­
amino acids (see Section 2.2.1 and Table 2.2.1 ), by Claisen rearrangement of 
the adduct formed when an arylarnidoxime reacts with a propio1ate ester (see 
Section 2.2.1 and Scheme 2.2.6), from c:x-aminocarbony1s with cyanates or 
thiocyanates (see Section 4.1 and Tab1e 4.1.1 ), from c:x-oximino-,8-dicarbonyl 
compounds heated with an alkylamine (see Section 4.1 and Scheme 4.1.7), and 
by anionic cycloaddition of an alkyl isocyanoacetate to diethoxyacetonitri1e 
(see Section 4.2 and Scheme 4.2.11; see a1so Se heme 4.2.12). A further useful 
approach is to use an appropriate tricarbonyl compound with an aldehyde 
and a source of ammonia (see Chapter 5 and Scheme 5.1.1 ). Irradiation of 
1-alkenyltetrazoles bearing an ester substituent may have applications (see 
Section 6.1.2.3). 

Regiochemical synthesis of 1-substituted imidazole-4-carboxylates can be 
achieved by treatment of a (Z)-,8-dimethylamino-a-isocyanoacrylate with an 
alkyl or acyl halide (see Section 2.1.1 and Scheme 2.1.8), by cyclization of 
3-alkylamino-2-aminopropanoic acids with triethyl orthoformate followed by 
dehydrogenation of the initially formed imidazoline (see Section 3.1.1 and 
Scheme 3.1.2), by condensation of 3-arylarnino-2-nitro-2-enones with ortho 
esters in the presence of reducing agents (see Section 3.1.1 and Scheme 3.1.4), 
by reaction of an alkyl N-cyanoalkylirnidate with a primary arnine (see 
Section 3.2 and Scheme 3.2.1 ), the poor-yielding acid-catalysed cyclization of 
a 2-azabutadiene with a primary arnine (see Section 3.2 and Scheme 3.2.3), 
the cyclocondensation of an isothiourea with the eno1ate form of ethyl 
isocyanoacetate (see Section 4.2 and Scheme 4.2.5), and from the interaction 
of a-aminonitri1e, primary arnine and triethy1 orthoformate (see Chapter 5, 
Scheme 5.1.5, and Tables 5.1.1 and 5.1.2). 

The isomeric 1-suhstituted imidazole-5 -carboxylates are made by 
cyclization of 3-amino-2-a1kylarninopropanoic acids with triethyl orthoformate 
followed by active manganese dioxide oxidation of the irnidazoline product 
(see Section 3.1.1 ), or from N -substituted glycine esters, which are formylated, 
converted into the enolates and then condensed with potassium thiocyanate 
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(see Section 4.1 and Schcme 4.1.2). Alternatively, one can use the reaction of 
a carboxy substituted a-arninocarbonyl compound with an isothiocyanate (see 
Section 4.1, Scheme 4.1.1 and Table 4.1.1 ). The su1fur group at C-2 can be 
removed either oxidatively or by Raney nicke1 treatment. One can a1so use 
Gold's salt condensed with sarcosine methyl ester (see Section 4.2). 

Methyl 1-methylimidazole-5-carhoxylate [11] 

Methy1 N -methylg1ycinate hydroch1oride (76 g, 0.54 mol) ís suspended in 
t-butylmethyl ether (11). To the suspension is added dimethyl oxalate (13 g, 
0.11 mol) and a 30'7o solution of sodium methoxíde in methanol (291 g, 
1.62 mol). Nitrogen is bubbled through while Gold' s salt [ 15] (fresh1y prepared 
from cyanuric chloride (46.1 g, 0.25 mol) and DMF (120.5 g, 1.65 mol)) (116 g, 
0.71 mol) in t-butylmethyl ether (250 rnl) is introduced. The temperature rises 
to 32oC before gradual1y dropping. Stirring is continued (1 h) while nitrogen 
continual1y ftushes out the liberated dimethylarnine. TLC (t-butylmethy1 
ether-methano1, 7:3) of the orange solutíon should indicate at this stage that 
only minor amounts of the amide are present, and the ester is the major 
product. Ce1ite (25 g) is added to the reaction mixture, and the suspension is 
filtered through a 3 cm !ayer of silica gel. The residue is washed twice with 
t-buty1methy1 ether-methanol (7:3), the combined filtrates are concentrated 
and the residue is vacuum distilled. Once all of the DMF has been collected, 
the product distíls, b1.2 92-96oC (69 g, 84%). Sublimation in vacuo gives the 
pure compound, m.p. 55-56oC. Similarly prepared is ethyl 1-benzylirnidazole-
5-carboxylate (56%), m.p. 64·-65°C. 

8.3.2 Aldehyde and ketone derivativas 

Direct formylation of irnidazo1e is not possible. Nor can 2- or 4(5)­
formylimidazoles be made readily by ring-synthetic methods. Rather, it is 
necessary to make them by oxidation of an hydroxymethyl group, by reduction 
of carboxyl, via Iithio derivatives, or from the dichloromethyl precursors. 
Since hydroxymethylirnidazoles are often quite readily made, their oxidation 
is an appealing approach. The most satisfactory oxidizing agent appears to 
be activated manganese dioxide, which has been used to convert 2- and 4(5)­
hydroxymethylimidazoles into the correspondíng aldehydes [ 12]. The reagent 
(as manganese(IV) oxide) is available commercially, or it can be made quite 
readily [13]. 

1-Benzylimidazule-5-carbaldehyde [12] 

A stirred solution of 1-benzyl-5-hydroxymethylimidazole (0.79 g, 4.2 mmol) 
and activated manganese di oxide (3.6 g, 41 mmol) in dioxan (25 mi) is reftuxed 
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(6h). The manganese oxide is filtered, and the filtrate is evaporated to dryness 
under reduced pressure. The residue is chromatographed on a silica gel 
column eluted with ethyl acetate-methanol (9: 1) to give an oil (0.49 g, 63%), 
Vmax 1665 cm- 1• Similar! y prepared are 1-benzyl-4-carbaldehyde (65%), 1-(o­
nitrobenzyl)-4-carbaldehyde ( 48% ), 1-( o-nitrobenzyl)-5-carbaldehyde (24% ), 
1-(p-nitrobenzyl)-4-carbaldehyde (38% ), 1-( p-nitrobenzyl)-5-carbaldehyde 
(1 0% ). 1-(o-nitrophenyl)-4-carbaldehyde (76%) and 1-( p-nitropheny 1)-5-
carbaldehyde (87% ). 

Reductive procedures are seldom sufficiently specific to give high yields 
of pure aldehydes, and so it is customary to reduce an ester function with 
Iithium aluminium hydride to hydroxymethyl and then reoxidize [11]. A 
range of 1-substituted 4,5-dicarbethoxyimidazoles have been reduced to the 
4,5-bis(hydroxymethyl) derivatives in 50 88% yields; oxidation to the bis­
aldehydes is reported with 35-45% efficiency [8]. 

Approaches to imidazolecarbaldehydes vía lithioimidazoles (usually 
quenched with DMF) have already been discussed (see Section 7.2.2 and 
Schemes 7.2.1 and 7.2.2), and the literature now abounds with exarnples which 
specifically produce 2- [14, 15], 4- [16-19] and 5-formyl isomers [5, 14, 15] 
by careful choice of blocking agents and reaction conditions. 

A process analogous to that used for making ethyl imidazole-2-carbox.ylate 
(see Section 8.3) gives the 2-carbaldehyde in high yield. Reaction of the 
imidate derived from dich1oroacetonitrile and methanolic methoxide with 
arninoacetaldehyde dimethyl aceta! gives an amidine analogous to (5) 
(Scheme 8.3.2). Refluxing this with trifluoroacetjc acid induces cyclization, 
presumably to 2-(dichloromethyl) imidazole and ultimately to imidazole-2-
carbaldehyde [ 1 O]. 

lmidazole-2-carhaldehyde [10] 

A solution of N-(2,2-dimethoxyethyl)dichloroacetarnidine (analogous to (5) 
(Schemc 8.3.2), madc in 88% yield, m. p. 85 89'C) (5.00 g, 23.2 mmol) in 
95-97% formic acid (lO mi) is heated at 70-80'C in an oil bath (20h). The 
solvent is removed under reduced pressure, benzene is added to the residue, 
and the mixture is again evaporated to dryness (repeated three times). The 
final residue is dissolved in water (9 mi), and solid sodium bicarbonate is 
added to raise the pH to 8, when the aldehyde precipitares. The mixture is 
cooled ovemight in a refrigerator, and the product is collected by filtration 
and dried in vacuo (2.21 g, 99%). Sublimation at 80-90'C/2 mrnHg gives the 
pure aldehyde, m.p. 204-205oC. 

Other synthetic approaches include ring synthesis of 1,3-disubstituted 
imidazolium-2-carbaldehydes (see Section 3.1.1) and the conversion of 
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suitably substituted isoxazoles into 5-acylimidazoles (see Section 6.1.2, 
Scheme 6.13, and Tables 6.1.1 and 6.1.2). Methods for regiochemical 
synthesis of 4- and 5-carbaldehydes have been discussed in sorne detail earlier 
(sce Section 6.1.2; see also Scheme 2.1.3 and Table 2.1.12). 

The introduction of ketone groups conjugated with the imidazole ring is 
now quite a routine matter starting from lithiated imidazoles and quenching 
them with acid halides, nitrilcs, 1-acylpyrrolidine, or with aldehydes followed 
by oxidation (which rnay be spontaneous) [2] (see Section 7 .2.2). Direct 
acylation at the 2-position is possible with 1-substituted imidazoles under 
Regel conditions (see Section 7.2.1) although alkanoyl halides do not appear 
to react as well as aroyl halides. Friedei-Crafts acylations will not occur. 
Pyrolysis of 1-acetylimidazole is known to give a mixture of 2- and 4-acetyl 
isomers, but this is unlikely to be synthetically useful [20]. 

2-Acylarnino-4-acylimidazoles have been made from 3-arnino-1,2,4-
oxadiazoles and 1,3-dicarbonyl reagents (see Section 2.2.1 and Scheme 2.25). 
4(5)-Acylirnidazoles can be derived from 4-acylarninoisoxazoles (see 
Section 6.1.2 and Scheme 6.1.3). (See also the discussion in Section 2.2.1 
on 4-acylimidazole synthcsis.) 5-Acyl-1-arylimidazoles can be made 
from a-oxoketene-S,N-acetals and nitrosoaromatics (see Section 3.2 and 
Scheme 3.2.5), and 4-acyl-imidazoles by nitration of 1,3-dicarbonyl 
compounds in their enolic forms, reduction to N-alkenylformarnides and 
subsequent cyclization (see Section 3.2 and Scheme 3.2.4). Examples have 
also been isolated from reactions of 2-oximino-1,2,3-tricarbonyls and amines 
(see Section 4.1 and Scheme 4.1.7), from compounds such as 3-chloro-4,4-
dimethoxy-2-butanone and 3,4-disubstituted 3-buten-2-ones (see Section 4.3 
and Scheme 4.3.5), and by u1traviolet irradiation of 1-alk.enyltetrazoles 
which bear an acyl group conjugated with the exocyclic double bond (see 
Section 6.1.2.3). 

2-n-Heptanoyl-1-methylimidazole [21] 

To a stirred solution of 1-methylimidazole (3.28 g, 40 m mol) in THF (80 mi) at 
-78oC is added n-butyllithium (25.6ml, 1.6M solution in hexane, 40mmol), 
and the mixture is stirred (10 min). 1 -n-Heptanoylpyrrolidine (7.32 g, 40 mmol) 
(prepared by treating either 1-n-heptanoylimidazole or n-heptanoyl chloride 
with pyrrolidine) is added to the mixture, which is then stirred at ambient 
temperature (30 min). After addition of diethyl ether (80 mi) and 10% aqueous 
HCI (80 mi) to the mixture, the aqueous phase is separated, washed with ether 
and made alkaline by addition of salid potassium carbonate. The oil which 
separares is extracted with ethyl acetate, the solution is dried (Na2S04), and 
the solvent is evaporated again to an oil which is distilled in a Kugelrohr 
apparatus, b3 118-120oC (7.76g, lOO'fo), Vmax 1776cm-1• Similarly prepared 
are the following 1-methyl-2-acyl(aroyl)imidazoles (2-substituent, b.p. or m.p., 
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yield given): COPh, b3 140-145"C, 100%; C6H11 CO, b3 112-ll4°C, 100%; 
PhCH=CH-CO, m.p. 120-121°C, 62%; 4'-pyridyl-CO, m.p. 66-68°C, 84%. 
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8.4 THIOL AND OTHER SULFUR FUNCTIONS 

Imidazole- and benzimidazole-2-thiols usually ex:ist largely as the thione 
tautomers. The thiol (thione) group is susceptible to alkylation (especially 
in alkaline media), and can be ox:idized to sulfide, disulfide and sulfonic acid. 
This oxidation can often be carried out quite selectively by careful choice of 
oxidizing agent. The sulfur function can be removed with nitric acid, iron(III) 
chloride, hydrogen peroxide or, most commonly, Raney nickel. Alkyl- and 
arylthio groups can be oxidized to sulfoxide or sulfone. 

Benzirnidazole-2-thiones are most commonly made from o-arylenediamines 
in reaction with thiophosgene, carbon disulfide and other CS sources (see 
Section 3.1.2), by direct introduction of sulfur at elevated temperatures to 
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the benzimidazole (see below), or by the interaction of alcohols and aryl-
1 ,2-d.iisothiocyanates (see Section 2.1.1 and Scheme 2.1.18). 

In the uncondensed imidazoles the standard method reacts an cx­
aminocarbonyl compound with a thiocyanate (see Section 4.1 and Table 4.1.1 ). 
lf a 2-alkylthioimidazole is required directly, one can combine an N­
alkyl- or N-arylcarbonimidodithioate in refiuxing acetic acid with the 
aminocarbonyl substrate (see Section 4.1 and Scheme 4.1.3). Altematively, 
reaction between thiourea and a two-carbon synthon (cx-hydrox.y-, cx­
halogeno-, cx-dicarbonyl) leads to imidazoline-2-thiones (see Section 4.3). 
In sulfuric acid, 3-butynylthiourea cyclizes to 4,5-dimethylimidazolin-2-
thione (see Section 2.2.1). 1-Substituted 2-methylthioimidazoles can be made, 
albeit in rather poor yields, from appropriately substituted 2-azabutadienes 
(see Section 3.2 and Scheme 3.2.3), and 2-arylthioimidazoles are available 
in moderate yields from benzyl isocyanides and arylsulfenyl chlorides 
(see Section 4.2 and Scheme 4.2.12). Ring transformations of 5-amino-2-
alkylarninothiazoles and 2-acylamino-5-arninothiazoles may have occasiorial 
applications (see Section 6.1.2.7). The ease with which a thiol group or 
imidazo1e or benzimidazole can be alkylated, in comparison with the annular 
nitrogens, usually makes it more convenient to prepare alkylthioimidazoles 
from the thiols (or thiones). 

Jmidazole-4- and -5-thiols are Iess well known than the 2-isomers, and they 
are not always easy to isolate in the free thiol form- it may be preferable to 
isolate them "masked" as disulfides or sulfides [1]. A simple, but somewhat 
limited method of making the 4- or 5-thiols is by nucleophilic displacement 
of a halogen (e.g. using ammonium sulfide), but the success of this approach 
is dependent on the presence of strong electron withdrawal elsewhere in the 
ring [2]. Altemative ring-synthetic methods include cyclization of thionamides 
(see Section 2. L 1, Scheme 2.1.12 and Table 2.1.6), exothermic reaction of cx­
oxothionarnides with aldirnines to form 1,2,5-trisubstituted imidazole-4-thiols 
(see Section 4.1 and Scheme 4.1.6) and rearrangement of 5-aminothiazoles in 
basic medium to irnidazo!e-5-thiols, a reaction of limited synthetic application 
(see Section 6.1.2.7). The reactions ofTOSMIC, especially with alkyl isothio­
cyanates in thc presence of base, give 1-substituted 4-tosylimidazole-5-thiols 
(see Section 4.2 and Scheme 4.2.1). 

4-Arylthioirnidazoles can be made in high yields when thiophenates react 
with N-(1-cyanoalkyl) alkylidene N-oxides. Alkyl and aralkyl thiolates, 
however, react much less readily (see Section 2.1.1 and Scheme 2.1.10). 
Imidazole-4-thioethers can be made in a general reaction between nitri1es 
and a range of isocyanides which are susceptible to cx-metallation (see 
Section 4.2, Scheme 4.2.2 and Table 4.2.1 ). Oxoketene acetals bearing 
alkylthio substituents react with nitrosoaromatics to give 5-acyl-4-alkylthio-1-
arylimidazoles in moderare to good yields (see Section 3.2 and Scheme 3.2.5). 
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When cyanoimidothiocarbamates react with a-halogenocarbonyl compounds, 
the products cyclize in base to form 1-substituted 2-alk.ylthio-5-amino­
imidazoles (see Section 2.3, Scheme 2.3.1 and Table 2.3.1 ), while similar 
condensations of N -cyanoirninodithiocarbamates with sarcosine ni trile salts, 
sarcosine ester salts or methylaminoacetophenone lead to analogous products, 
often in quite high yields (see Scheme 2.3.2). 

By careful control of metallating agent, blocking groups and 
reaction conditions, it is possib1e to make 2-alk.yl(aryl)thio- and 4(5)­
alky1(aryl)thioimidazo1es in high yie1ds, e.g. 1-trityl-2-phenylthio- [3], 4(5)­
methylthio- [4] and 1-benzy1-2,4,5-tris(methylthio)-imidazole [5]. 

Although it is frequently more convenient to make imidazole and benzimida­
zole sulfones (and sometimes sulfoxides) by direct oxidation of the thioethers, 
4-tosyl groups can also be introduced quite conveniently by a ring synthesis 
based on thc reagent TOSMIC (see Section 4.2 and Scheme 4.2.1). 

Direct electrophilic sulfonation of imidazo1e and 2-substituted imidazoles 
has been traditionally carried out using oleum at around 160oC. Yields of 
the 4-sulfonic acid can be above 80%, but if a three-fold exccss of sulfur 
tri oxide in refluxing 1 ,2-dichloroethane is used, the acids are obtained under 
much milder conditions. Care has to be taken, for if only a 1:1 or 1 :2 ratio of 
S03:imidazole is used, a charge transfer complex is formed instcad [6]. 

1 -Methylhenzimid.azole-2-thiol [7] 

A mixture of 1-methylbenzirnidazole (2.48 g, 19 mmol) and powdered sulfur 
(0.58 g, 18 mmol) is heated in a bath at 240-260oC (1 h). After cooling, 
dissolving in 10% aqueous sodium hydroxide (20 mi), treating with activated 
charcoal, and filtering through a pad of Celite, th"e filtrate is acidified with 
concentrated HCI to precipitare the product (2.94 g, 98%), m.p. !88-190oC. 

1-Methylbenzimidazole-2-sulfonic acid [7] 

To a stirred solution of 1-methylbenzimidazole-2-thiol (2.74 g, 167 mmo1) 
in 50% aqucous potassium hydroxide (20 mi) ut 20°C is added dropwise 
a saturated solution of potassium permanganate (5.28 g, 33 mmol) in water. 
After the addition is complete, stirring is continued (30 rnin), the manganese 
dioxide is filtered off and the filtrate is acidified with hydroch1oric acid. The 
precipitatcd product is filtered and recrystallized from hot water (3.2 g, 90% ), 
m.p. 326-328°C. 

5-Methylsul.finyl-4-nitroimidazole [8] 

5-Methylthio-4-nitroimidazole (0.250 g, 1.57 mmo1) is dissolved with slight 
wurming in glacial acetic acid (50 rnl). Magnesium monoperoxyphthalate 
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hexahydrate (80%, 0.5 mol eq., 0.485 g) is then added, and the reaction mixture 
is warmed to abaut 50"C and stirred ta effect solution. Immediately, the 
mixture is poured into ice-water (50 ml) and cancentrated under reduced 
pressure until salid is observed ta precipitate. After chilling (3-4 h), the salid 
is filtered, washed with water and recrystallized from ethanol to give colaurless 
crystals (0.185 g, 67%), m. p. 228-230"C (dec.), Vmax 1535, 1480, 1355, 1070, 
1040cm-1• 
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Bold page numbers refer to compounds for which full experimental details are provided in the 
text. ltalicised pagc numbers refer to table entries. 

Substitution patterns are empbasised by the ordering of the index so that 2-substituted precedes 
4- and 5-substituted entries. This means that strict alphabetical order may not always be followed. 
Where prototropic tautomerism is possib1e 4(5)-substituted imidazole dcrivatives are listcd as 4-
substilutcd. In cases where the 4(5)-substituent is electron withdrawing the equilibrium common1y 
favours the 4-tautomer. Estcrs are 1isted as carbalkoxy rather than systematica11y. 

acetamidines 6 
acetamidoacetone 105 
acetylamidrazones 147 
N -(2-acety1aminophenyl )-1 H -pyrro1-1-amine 

24 
w-acylamines 96 
a-C-acylaminoanilines, cyclization 36 
a-C-acylamino e~ters, hydrolysis lOS, 106 
a-acy1aminoketones 9 
adcninc 13, 49 
Akabori metbod 41 
alkylaminoethanal dimethyl acctals 106 
N-alkylation of benzimidazoles 202 
N -alkylation of imidazoles 195 
amidines 10, 40, 43, 45, 46, 54, SS, 57, 59, 

134, 140, 143, 144, 179, 240 
amidinoamides 8, 9 
a-amidinoketones 179 
a-amidoketoncs 8, 96 
amidrazones 52 
aminoacetonc hydrochloridc 105 
a-amino-a-carbethoxy-N-merhylnitrones 

143 
a-aminocarbony1s 1 03, 106, 111 
(Z)-N-(2-amino-1 ,2-

dicyanovinyl)furmamidine 50 
(Z)-N3-(2-amino-1 ,2-

dicyanovinyl)fonnamidrazonc 52 
a-aminoketones 9, 179, 104, 106 
3-amino-1 ,2,4-oxadiazolc 45 
o-aminopbenylhydrazines, acylared 23 

N-(2-aminophenyl)-IH-pyrro1-1-amine 24 
aromatization 27, 139, !43, 147, 168 
2-azabutadienes 97, 246 
2H-azirincs 19, 167 
Balz-Schiemann conditions 227 

Benzimidazole 11. 1 94 
2-acctoxy-1-cthyl- 35 
1-acetyl-2-methyl- 25 
1-acyl- 25, 205 
1-alkoxy- 83 
i-alkoxy-2-alkyl- 82 
1-alkyl- 54, 187 
1-alkyl-2-amino- 186 
1-alkyl-2-aryl- 21 
2-alkyl- 20, 21, 22, 71, 78, 79, 88 
2-alkyl-1-hydroxy- 3-oxides 188 
2-alky1-1-substituted 74 
7-alkyl- 186 
2-alky1amino- 28 
2 -alkylthio- 221 
l-al1yloxy-2-vinyl- 82 
l-amino- 20, 23 
1-amino-2-mcthyl- 23 
l-amino-2-pheny1- 23 
2-amino- 27, 28, 29, SS, 78, 84, 85, 86, 

186, 187, 222, 227, 234 
2-amino-1-benzyl- 85, 85, 222 
2-amino--1-carbalkoxy- 29 
2-amino-1-carboxylic acid 29 
2-arnino--S-chloro- 85 
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Benzimidazole (continued) 
2-amino-1 ,5-dimethyl- 85 
2-amino-4,6-dimethyl- 85 
2-amino-5,6-dimethyl- 85 
2-amino-1-hydroxy- 29 
2-amino-1-methyl- 85 
2-amino-5-methyl- 85 
2-amino-5-nitro- 29 
2-amino-1-pbenyl- 85 
2-amino-1-(2' -pyridyl)- 86 
2-amino-5-substituted 29 
2-amino-1,5,6-trimethyl- 85 
2-aminoa1kyl- 74 
2-aminocarbonyl-1-hydroxy- 3-oxide 189 
2-(o-aminophenyl)- 73 
2-(p-aminopbenyl)- 2/ 
1-aryl- 21, 54, 204 
2-aryl- 21, 22, 26, 27, 73, 74, 76-78, 84, 

88, 187 
2-aryl-1-benzyloxy- 82 
2-aryl-1-substitutcd 74 
2-arylamino- 28, 84, 86 
2-arylthio- 221 
l-benzoy1-2-pheny1- 26, 190 
2-benzoyl-5-methyl-1-oltide 31 
1 -benzy 1- 85, 222 
1-benzyl-2-methyl- 21 
2-bcnzyl- 55, 79, 80 
2-benzyl-5-nitro- 79 
2-benzylarnino- 28 
2,2' -bis- 20, 75 
2-bromo- 215,231,235 
2-(o-bromophenyl)- 73 
2-(m-bromophenyl)- 73 
2-(p-bromophenyl)- 73 
2-t-butyl- 72, 73, 75, 88 
2-butylamino- 28 
2-butylthiomethyl- 72 
2-carbalkoxy- 29, 77 
2-carbamates 29, 30, 55, 78. 86, 88, 190 
2-carbethoxy-1-hydroxy-3-oxide 189 
2-carbethoxy-5-methoxy-1-oxidc 31 
2-carbethoxy-5-methyl-1-oxidc 3/ 
2-carbethoxy-5-nitro-1-oxidc 31 
2-carbethoxy-1-oxide 31 
2-carbethoxy-1-phenyl- 77 
5-carbethoxy- 72 
5(6)-carbethoxy-2-(4'-hydroxypheny1)-

80 
2-carbinols 221 
2-carbomethoxy- 77 

TNDEX 

2-carbomethmty-5-nitro-1-oxidc 31 
2-carhomethoxy-1-oxide 31 
2-[(2' -carbomethoxyphcnoxy)mcthyl]- 79 
2-carboxamido-6-chloro-1-hydroxy-

3-oxide 189 
2-carboxylates 240 
2-carboxylic acid 72, !89, 237 
2-(o-carboxypheny1)- 73 
2-chloro- 72, 87, 222, 228 
5-chloro-2-cyano-1-oxide 31 
5-chloro-1-oxide 31 
5-chloro-2-(3' -pyridyl)- 74 
5-chloro-2-(4' -pyridyl)- 74 
5-chloro-2-trichlorumethyl- 79 
7 -chloro-2-(3' -pyridy1)- 74 
2-(p-chlorobenzyl)- 79 
2-cbloromethy1-l-ethoxyethyl- 72 
2-chloronitromcthyl- 84 
2-(o-cb1oropheny1)- 73 
2-(m-chlorophenyl)- 73 
2-(p-chlorophenyl)- 73 
2-(p-chlorophenyl)methoxy- 221 
2-cinnamyl- 72 
2-cyano- 32 
2-cyano-5-fluoro-1-oxide 31 
2-cyano-6-fluoro-1-oxide 3 l 
2-cyano-1-hydroxy- 190 
2-cyano-5-methoxy-1-oxidc 31 
2-cyano-5-mcthyl-1-oxide 3/ 
2-cyano-4-nitro-1-oxide 31 
2-cyano-1-oxidc 31, 32, 33 
1-cyanobenzoyl- 190 
1,2-cyc1oalkyl- 34, 35 
2-cyclohexy laminocarbonyl-1-bydroxy-

3-oxide 189 
5,6-diacyl- 186 
1,2 dialkyl- 21, 88 
1,2-diamino- 87, 235 
1 ,2-diamino-5-trilluoromethyl- 87 
2-dibenzylarnino-1-isopropyl-5-methoxy-

!87 
5, 6-dichloro-2-trichl orometh y 1- 79 
2-(3',4'-dichlorophenyl)- 73 
2-diethylamino- 87 
4,7-dimethoxy- 72 
4,7-dimethoxy-2-ethyl- 72 
4,7-dimethoxy-2-hydroxymcthyl- 72 
4,7-dimethoxy-2-methy1- 72 
4,7-dimethoxy-2-propyl- 72 
5,6-dimetboxy- 72 
5,6-dimethoxy-2-methyl- 72 
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1,2-dimethy1- 2/, 35 
1,2-dirnethy1-3-oxide 21, 30 
5,6-dirnethy1- 72, 82 
5,6-dimethy1-2-( 4' -pyridy1)- 74 
5,6-dimethy1-2-trichloromcthy1- 79 
2-dimethylamino- 87 
2-dimethy1amino-1-propy1- 187 
2-(p-dimethy1aminophenyl)- 27 
4,7 -dinitro- 72 
4,7-dinitro-2-methy1- 72 
5, 7-dinitro- 75 
2-(2' ,4' -dinitrobenzy1)- 79 
2-diphenylmcthox:y- 221 
2-diphenylmethy1- 88 
1,2-disubstituted 20, 34, 35, 78, 80 
1 ,4-disubstituted 202 
1 ,5-disubstitutcd 202 
1,6-disubstituted 202 
1,7-disubstituted 202 
2,4-di(trilluoromethy1)- 72 
2,5-di(trilluoromcthy1)- 72 
1-ethy1-2-morpholino- 187 
2-ethy1- 72, 76, 
2-ethy1-1-hydrox:y-3-oxide 189 
2-ethy1aminocarbony1-l-hydroxy-3-oxide 

189 
2-lluoro- 227 
4-fluoro- 72 
5-lluoro-1-ox.ide 31 
2-(o-f!uoropheny1)- 73 
2-(m-lluoropheny1)- 73 
2-(p-lluoropheny1)- 73 
2-(2'-furyl)- 80, 88 
2-guanidino- 86 
1-hetary1- 24 
2-hetary1- 74, 75, 80, 88 
1-hydroxy- 188, 189 
1-hydroxy-2-carboxylic acid 188, 189 
1-hydroxy-2-(p-dimethylaminophenyl)-

3-ox.ide 89 
1-hydroxy-2-(o-hydroxyphenyl)-3-uxide 

89 
1-hydroxy-2-(p-bydroxyphenyl)-3-oxide 

89 
1-hydroxy-2-methy1-3-oxidc 189 
1-hydroxy-2-methyiaminocarbonyl-3-oxide 

189 
1-hydroxy-2-(m-nitrophenyl)-3-oxide 89 
1-hydroxy-3-oxidcs 89, 189 
1-hydroxy-2-phenyl-3-oxide 89, 189 
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1-hydrox y-2-pheny 1aminocarbony 1-3-oxide 
189 

1-hydroxy-2-styry1-3-oxide 89 
1-hydroxy-2-(2'-thienyl)-3-oxide 89 
2-hydroxy-1-oxides 33 
4-hydroxy- 77, 188 
4-hydroxy-1-methy1- 179, 187, 188 
1-hydroxymethyl- 203, 220 
2-(o-hydroxyphenyl)- 73 
2-(o-iodophenyl)- 73 
2-(m-iodophenyl)- 73 
2-(p-iodophenyl)- 73 
2-iodo- 215 
1-isopropyl-5-methoxy-2-morpholino-

187 
1-isopropy1-2-pyrrolidino- 187 
2-isopropyl- 80, 88 
2-lithio- 203, 241 
5-methoxy-1-methyl- 74 
5-methoxy-2-(2' -pyridyl)- 74 
5-methoxy-2-(3'-pyridyl)- 74 
5-methoxy-2-(4' -pyridyl)- 74 
2-(p-methoxypheny1)- 187 
1-methy1- 35 
1-methy1-4-nitro- 80, 202 
1-methyl-7-nitro- 202 
1-methy1-3-oxide 30, 34 
1-methyl-2-phenyl- 35 
1-methy1-2-su1fonic acid 247 
1-methyl-4:5,6,7-tetrachloro- 35 
1-methyl-2-thiol 247 
1-methyl-2-trichloromcthyl- 79 
1-methy1-2-trimethylsily1- 77 
2-methy1- 20, 21, 23, 25, 72, 77, 215 
2-methy1-5,7-dinitro-1-phenyl- 75 
2-methyl-4-nitro- 82 
2-methyl-1-(o-nitrobenzyl)- 2/ 
4-methy1-2-phenyl- 187 
5-methyl-1-oxide 3/ 
5-methyl-2-trichloromethy1- 79 
2-methy1aminocarbonyl- 189 
2-methylsulfonylamino- 85 
2-methy1thio- 221 
2-morpholino-1-propyl- 187 
2-( 1' -naphthyl)- 74 
4-nitro- 80, 82 
4-nitro-2-pheny1- 187 
S-nitro- 28, 215 
5-nitro-1-oxide 3/, 32 
5-nitro-2-phenyl- 187 
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Benzimidazole (continued) 
2-nitromethyl- 84 
1-(p-nitropheny1)- 203, 204 
2-(o-nitrophenyl)- 73 
2-(p-nitrophenyl)- 27, 73, 88, 187 
2-(m-nitrophenyl)- 27 
1-oxides 21, 30, 31, 32, 33, 89, 167, 189, 

229 
3-oxides 21, 30, 33, 34, 89, 188, 189 
5-phenoxy- 186 
1-phenyl- 75 
1-phenyl-3-oxide 30 
2-phenyl- 21, 24, 26, 27, 55, 73, 88, 187, 

224 
2-phenyl-1-oxide 26, 31, 33 
2-phenyl-1-(p-tolyl)- 204 
2-phenylamino- 28, 84, 87 
2-phenylmethox y- 221 
2-phenylsulfonyl- 84 
2-phenylthio- 221 
2-propyl- 88 
2-(2' -pyridyl)- 75, 80 
2-(3'-pyridyl)- 74 
1-(1 '-pyrryl)-2-methyl- 24 
1-SEM- 201 
1 -substituted 74, 80 
2-subsituted 23, 71, 80. 84, 220 
sulfones 24 7 
2-sulfonic acid 247 
5-sulfonic acid 215 
2-sulfonylamino- 84 
tetrahydro- 15 
2-(4'-thiazo1y1)- 21 
2-(2' -thieny1)- 88 
2-thiol (thione) 245, 247 
2-(o-thiophenyl)- 73 
1-(p-toly1)- 204 
2-(o-to1yl)- 73 
2-(m-toly1)- 73 
2-(p-to1y1)- 27, 73, 88 
2-(o-toly1amino)- 28 
2-(p-to1y1amino)- 87 
4,5,6-trichloro- 215, 229 
2-trich1oromethyl- 79 
2-trifluoromcthyl- 72, 72 
5-trifluommethy1- 87 
2-(m-trifluoromethylphenyl)arnino- 87 
2-(1',2',2'-trimcthy1propy1)- 21 
2-trimethylsi1y1- 77 
2-viny1- 82 
2-vinyl-1-oxide 30, 31 

TNDEX 

Benz.jmidazolin-2-one 20, 23, 25, 27, 28, 
32, 78, 80, 81, 83, 222, 229, 231 

1-acety1-3-methyl- 34 
1-alky1- 22 
1-ary1- 55 
5-chloro- 81 
6-ch1oro-1-pheny1- 55 
1 ,3-dihydroxy- 188 
1-methoxy- 55 
5-methoxy- 81 
5-mcthyl- 81 
S-nitro- 28 

Bentimi.dazolin-2-thione 25, 26-28, 81, 86, 
245 

5-ch1oro-l-trifluoroacetyl- 82 
5-fluoro -l-trifluoroacety1- 81 
5-methoxy-1 -trifluoroacety1- 82 
5-methy1-l-trifluoruacety1- 82 

3-benzoy1aminobutanone 9 
a-benzoylaniline methy1 ester 105 
4-(N-benzy1arnino)isoxazolc 175 
N -benzy1-N-( 4-isoxazo1y1)formamide 175 
betmip 147, 148 
Bredereck, formarnide synthesis 129, !51, 

157, 167 
3-bromo-4-ethoxy-3-buten-2-one 7, 141 
carbodiirnidcs 86, 147 
N -chloroarnidines 13 8 
3-ch1oru-4,4-dimcthoxy-2-butanone 7, 140, 

142 
N -(1-cyanoalkyl)alkylidenc N -oxides 15 
N -cyanomethyl-o-nitroaniline 32 
diaminomaleonitri1e (DAMN) JI, 12-14, 

48, 66, 113, 236, 238 
diaminomaleonitrile, monoacy1 6 
diaminomaleonitri1e monoamide 14 
N -(2,2-dimetho x yethy 1 )dichloroacetarmdine 

44 
N -(2 ,2-dimethoxyethy 1 )trichloroacetamidine 

240 
dimethyl N-aryldithiocarbonimidates 84 
N ,N-dimethy1-( 1 -butyl-3,3-bis­

[dimethylamino]-2-aza-3-
propcnyliden)ammonium perch1orate 
60 

enamines 138 
enarninones 6, 45, JO 1, 172 
epoxides, ring opening 171 
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N-ethoxycarbonyi-N-alkyl-o-nitroanilines 22 
N -ethox ycarbonyl-N -a!kyl-o­

phenylenediarnines 22 
N -ethoxycarbonylmethyl-N' -e y ano-N­

phenylfonnamidine 59 
ethyl N-cyanomethylimidate JI 
(Z)-N -(2-amino-1,2-dicyanovinyl)formimidate 

49 
ethyl 2, 4 -dinitrophenylacetimidate 78 
Gattennann reaction 234 

General reactions 
a-aminoketone synthesis 104 
aromatization of 5, 5 -disubstituted 

2-imidazolines 139 
cyclization of enaminones 45 
deprotonation of NH-imidazoles 196 
devinylation 209 
hydrolysis of a-C-acylamino esters 106 
hydrolysis of 2-carbethoxy groups 32 
hydrolysis of 2-cyano groups 32 
isoxazole-imidazole interconversion 174 
a-ketoaldehydcs 152 
oxidativc cyclization of 

o-acylaminoanilines 36 
photolysis of 1-vinyltetrazole 171 
ring opening of epoxides 171 

Gold's salt 133 
guanidine 45, 47, 54, 55, 59, 110, 144, 146, 

147, 235 
guanine 49 
L-homohistidine 137 
hydantoin 53 
imidatcs 41, 66, 78, 95, 113, 236 

lmidazole 194 
1-acetamido- 147 
2-acetamido- 145, 146 
2-acetamido-4-t-butyl- 146 
2-acetamido-4,5-dimethyl- 146 
2-acetamidu-4,5-dipbenyl- 146 
2-acetamido-4-ethyl- 146 
2-acetamido-4-methyl- 146 
2-acetamido-5-methyl-4-pbenyl- 146 
2-acetamido-4-phenyl- 146 
4-acetamido- 45 
4-acetamido-1-acet)'l-2-pbenyl- 47 
4-acetamido-5-mcthyl-2-pbcnyl- · 47 
4-acetamido-2-phenyl- 47 

1-acetyl- 205, 244 
2-acety 1- 244 
2-acctyl-4-methyl- 151 
2-acetyl-4-tetrahydroxybutyl- !52 
4-acetyl- 7, 116, 173, 176, 244 
4-acetyl-2-t-butyl- 7, 173 
4-acety 1-2-( p-cbloropbenyl)-5-methy l-
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i16 
4-acetyi-2-dimethylarninomethyl- 7, 173 
4-acetyl-2-ethyl- 7, 173 
4-acetyl-2-hexyl- 142 
4-acetyl-2-bydroxymethyl- 141 
4-acetyl-2-isopropyl- 173 
4-acetyl-2-methoxyrnethyl- 7, 173 
4-acetyl-2-methyl- 7, 140, 141, 142, 173, 

177 
4-acctyl-5-methyl-2-(p-nitropbenyl)- !16 
4-acetyl-5-methyl-2-phenyl- 116 
4-acctyl-5-methyl-2-(p-tolyl} 1!6 
4-acetyl-5-methyl-2-vinyl- 116 
4-acetyl-2-phcnyl- 7, 142, 171, 173 
4-acetyl-2-( 4' -pyridyl)- 141 
4-acetyl-2-substitutcd 7 
4-acetyl-2-trifluoromethyl- 7, 173 
S-acetyl-1-hcnzyl-2-mcthyl- 173 
5-acetyl-1-benzy!-2-methyl-4-carbaldebyde 

173 
S-acetyl-1,2-dimethyl- 173, 177 
5-acetyl-1,2-diphenyl-4-methylthio- 101 
1-(n-acetylpbenyl)- 204 
1-(m-acetylpbcnyl)- 204 
1-(p-acetylpbenyl)- 204 
1-acyl- 6, 205 
1-acyl-4-substituted 205, 206 
2-acyl- 14, 156, 215 
2-acyl-1-methyl-4-carboxylates 14 
4-acyl 6, 7, 46, 47, 65, 66, 100, 116, 

141, 167, 171-174,220,244 
4-acyl-2-acctarnido- 45 
4-acyl-2-acylamino- 244 
4-acyl-5-a!kyl(aryl)-2-amido- 45 
4-acyl-5-arnino- 170, 235 
4-acy!-2-aryl- 46 
4-acyl-5-substituted 6 
4-acyl-1 ,2,5-trisubstituted 6 
5-acyl- 6, 7, 58, 60, 101, 174, 244 
5-acyl-4-a!kylthio-1-aryl- 246 
5-acyl-4-arnino- 58 
5-acyl-1-aryl- 244 
5-acyl-4-thio- 101 
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lmidazole (continued) 
5-acyl-1,2,4-trisubslituted 6 
t-acylamino-2-amino-4-aryl- 180 
4-acylamino- 69 
1-alkoxy 53 
2-alkoxy- 11, 65, 181 
5-alkoxy-4-nitro- 223 
1-alkoxyalkyl- 200 
1-alkyl- 11, 195 
1-alkyl-2-amino- 234 
1-alkyi-S-arnino- ll 
1-alkyl-4-aryl- 126 
1-alky 1-5-chloro- 5 
1-alkyl-2,4-diamino- 61 
1-alkyl-4,5-diaryl- !48 
1-alkyl-4,5-dicarboxlatcs 238 
1-alkyl-4,5-dicarboxylic acid 238 
1-alkyl-4,5-dicyano- 51, 66 
1-alkyl-4,5-dicyano-2-sllbstitutcd JI 
1-alkyl(aryl)-2-methylthio- 113 
1-alkyl-4-nitro- 234 
1-alkyl-5-nitro- 234 
2-alkyl- 44, 63, 65, 88, 157, 169 
2-alkyl-4,5-diaryl- 152, 168 
2-alkyl-4,5-dicyano- 67 
2-alkyl-1-rnethyl-4-carboxylates 14 
4-alkyl- 14, 126, /30, 151, 157, 170, 

178, 220 
4-alkyl-2-aryl- 170 
4-alkyl-2-carboxylates 111 
5-alky1- 139 
5-alky1-4-aryl- 158 
4,4' -alkylene-bis- 137 
2-a1kylthio- 246, 247 
2-alkylthio-5-amino- 247 
4-alkylthio- 1 S, 101, 124, 220, 247 
1-allyl-4-amino-S-carbethoxy-2-

rnethylthio- 58 
1-allyl-2-(p-ch1orophenyl)-5-methyl-4-

pheny1- JO 
2-allyloxy-4,5-dicyano- 12 
4-amidino- 45 
t-amido-4-aryl-2-benzimidoylamino- 46 
2-amido- 46 
l-amino- 9, 10, 52, 97, 98, 178 
2-amino- 11, 45, 47, 67, 68, 110, 135, 

136, 143-145, 214, 227, 234, 235 
2-amino-I-ary1- 45, 143 
2-arnino-4-aryl-1-benzylidenearnino- 137 
2-amino-1-benzyl- 223 
2-amino-5-carbethoxy-1-methy1- UO 

INDEX 

2-amino-5-cyano- 143 
2-amino-4,5-di(p-chlorophenyl)- 145 
2-amino-4,5-dicyano- 67, 68 
2-amino-4,5-dirnethyl- 145 
2-amino-1-dimethylarninoethyl- 47 
2-amino-4,5-dipbenyl- 145 
2-amino-4,5-distJbstituted- 145 
2-amino-S-ethyl-4-methyl- 145 
2-amino-4-melhoxy- 71 
4-amino- 15, 43, 45, 53, 54, 57, 58, 60, 

160, 227, 234, 235 
4-amino-5-benzoy1-2-methylthio-l-pbenyl-

58 
4-amino-5-benzoyl-1-phcnyl- 58 
4-amino-1-benzyl-2-bromo- 58 
4-amino-2-bromo- 53, 54 
4-amino-2-bromo-1-blllyl- 54 
4-amino-2-bromo-5-( o-chlorophenyl)-l-

pheny1- 54 
4-amino-2-bromo-5-(m-chlorophcnyl)-1-

phenyl- 54 
4-amino-2-bromo-5-(p-chlorophenyl)-1-

phenyl- 54 
4-amino-2-bromo-1-cyanomethyl- 54 
4-amino-2-bromo-5-(2' ,4' -dichlorophcnyl)-

1-phenyl- 54 
4-amino-2-bromo-1,5-diphenyl- 54 
4-amino-2-bromo-1-ethyl- 47 
4-amino-2-bromo-1-rncthyl- 54 
4-amino-2-bromo-1-phcnyl- 54 
4-arnino-2-carbethoxy- 44, 47 
4-amino-5-carbethoxy- 143 
4-amino-5-carbethoxy-1-( p-chloropheny1)-

58 
4-amino-5-carbethoxy-1-rnethyl-2-

meth ylthio- 58 
4-amino-5-carbethox y-2-methyl thio-1-

pheny1- 58 
4-arnino-5-carbethoxy-1-phenyl- 58 
4-amino-2-carboxylatc 44, 235 
4-amino-5-cyano- 57-60, 236 
4-amino-5-cyano-1,2-dimethyl- 58 
4-amino-5-cyano-2-methyl- 58 
4-amino-1-substituted 69, 235 
5-amino- 11, 13, 15, 47, 48, 49, 50, 52, 

66, 69, 95, 127, 160, 170 
5-amino-1-(p-aminophcnyl)-4-cyano- 50 
5-amino-1-(m-aminophenyl)-4-cyano- 50 
5-amino-1-aryl-4-cyano- 51, 113 
5-amino-2-bromo- 235 
5-amino-l-aryl-4-(cyanoformimidoy1)- 51 
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lmidazole (continued) 
5-amino-1-benzyl-4-carbethoxy- 95 
5-amino-1-benzyl-4-cyano- 51 
5-amino-1-( p-benzy loxyphenyl )-4-cyano-

50 
5-amino-1-t-butyl-4-carbethoxy- 95 
5-amino-2-carbethoxy-4-carboxamido- 47 
5-amino-4-carbethoxy- 127 
5-amino-4-carbethoxy-1-(p-

methoxy benzy 1)- 9 5 
5-amino-4-carbethoxy-2-phenyl- 59 
5-amino-4-carboxamido- 48 
5-amino-4-carboxamido-1-

ethylarninoethyl- 161 
5-amino-4-carboxamido-1-hydroxy- 45 
5-amino-4-carboxamido-2-hydroxy- 47 
5-amino-2-carboxylate 44 
5-amino-4-carboxylate 127 
5-amino-l-(p-chlorophenyl)-4-cyano-

113 
5-amino-1-( p-chlorophenyl)-4-cyano- 50, 

113 
5-amino-1-(5' -chloro-2' -pyridyl)-4-cyano-

113 
5-amino-4-cyano- 13, 15, 48, 49, 113, 

144, 236 
5-amino-4-cyano-1-(p-cyanophenyl)- 50 
5-amino-4-cyano-1-(2' -hydroxy-3' -nonyl)-

161 
5-amino-4-(cyanoformimidoyl)- 49, 50 
5-amino-4-cyano-1-(2' ,4' -dichlorophenyl)-

113 
5-amino-4-cyano-1-(2' ,4'­

dimethoxyphenyl)- 50 
5-amino-4-cyano-1-(3' ,4'­

dimethoxyphenyl)- 50 
5-amino-4-cyano-1-(2' ,4' -dimethylphenyl)-

50 
5-amino-4-cyano-1-ethylaminocthyl- 161 
5-amino-4-cyano-1- (p-lluorophenyl )- 50 
5-amino-4-cyano-1-( p-methoxyphenyl)-

50 
S-ami no-4-cyano-1-( p-ni trophcn y 1 )- 50 
5-amino-4-cyano-1-phenyl- 50 
5-amino-4-cyano-1-(2' -pyridyl)- 113 
5-amino-4-cyano-1-(3'-pyridyl)- 113 
5-amino-4-cyano-1-(2'-pyrimidinyl)- 113 
5-amino-4-cyano-1-(p-tolyl)- 50 
5-amino-2,4-dicarbethoxy- 47 
5-amino-1,4-disubstituted 95 
5-amino nucleosides 95 . 

5-amino-1-substituted 47, 235 
1-aroyl- 206 
2-aroyl- 14, 117, 215, 245 
4-aroyl- 173 
5 -aro y 1- 60, 10 1 
1-aryl- so, 66, 101, 113, 204, 223 
1-aryl-5-chloro- 4, 5 
1-aryl-2,5-diphenyl- 96 
1-aryl-2-hydroxymcthyl- 214 
2-aryl- 43, 63, 65, 157, 168, 170 
2-aryl-4-alkyl- 170 
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2-aryl-4-carboxylates 47 
2-aryl-4,5-dicarboxylic acids 160 
2-aryl-4,5-dichloro- 155 
2-aryl-5-trilluoromethyl-4-phenyl- 153 
4-aryl- 46, 126,130, 131, 151, !56,158, 

178 
4-aryl-5-trilluoromethyl- 17 
5-aryl- 139 
2-arylamino- 45 
N-arylation 203, 204 
2-aryloxyrnethyl- 47 
2-arylthio- 133, 246, 247 
4-arylthio- 15, 124, 246, 247 
2-azo- 214 
4-azo- 214 
2,2'-azo- 136 
1-benzenesulfonyl- 208 
1-benzoyl- 206 
1-benzoyl-4-phenyl- 206 
2-benzoyl-l~benzyl- 215 
2-benzoyl-1-methyl- 215, 245 
2-benzoy 1-1-phenyl- 215 
2-benzoyl-4-phenyl- 117, 156 
4-benzoyl-2-methyl-5-phenyl- 173 
5-benzoyl-4-bcnzylthio-1,2-

diphenyl- JO 1 
5-benzoyl-1,2-diphenyl-4-ethylthio- 101 
5-benzoyl-1,2-diphenyl-4-methy1thio-

IOI 
5-benzoy1-2-methyl-4-methylthio­

l-phenyl- 101 
5-benzoyl-4-methylthio-2-phenyl-1-

(p-tolyl)- 101 
5-benzoyl-l-phcnyl-4-phcny1thio- ID! 
1-benzyl- 5, 95, 196, 197, 223 
1-benzyl-4-bromo- 230 
1-benzyl-4-carbaldehyde 176, 243 
1-benzyl-5-carbaldehyde 173, 176, 242 
1-benzyl-5-carhethoxy- 242 
1-benzyl-4-carbomethoxy-5 -phenyl- 100 
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lmidazok (continued) 
1-benzyl-4-carbomethoxy..S-(3' -pentyl)-

100 
1-benzvl-2-chloro- 228 
1-benzyl-5-chloro- 5 
1-benzy1-5-chloro-2-phcnyl- 4 
1-benzyl-4-(p-chlorophenyi)-S-phenyl-

149 
1-benzyl-4,5-dicarbaldehyde 173 
1-benzy 1-2,4-dimethyl-5-carbaldehyde 

173 
1-benzyl-4,5-dimethyl-3-oxide 115 
l-benzyl-4,5-dimethyl-2-phcny1- 10 
1-bcnzyl-2,5-diphenyl- 139 
1-benzyl-2-hydroxymethyl- 214 
1-benzyl-5-hydroxymethyl-4-methyl-

3-oxidc liS 
1-benzyl-4-isopropyl-5-methyl-2-phenyl-

/0 
1-benzvl-2-lithio- 228, 231 
1-benzyl-4-methyl-5-carbaldehyde 173 
1-benzyl-5-methyl-3-oxide 115 
1-benzyl-2-methylthio- 113 
1-benzyl-2,4,5-tribromo- 196 
1-benzyl-2,4,5-trimethyl- JO 
1-benzyl-2,4,5-rris(mcthylthio)- 247 
2-bcnzyl-4-hydroxymethyl- 157 
2-benzyl-4,5-diphcuyl- 168 
4-benzyl- 220 
4-benzyl-1-t-butyl- 112 
4-benzyl-5-ethyl- 179 
4-benzyl-5-methyl- 172 
4-benzyl-1-phcnethyl- 126 
4-bcnzyl-2-phenyl- 42 
5-bcnzyl-4-btJtyl- 129, /30 
5-benzyl-4-( p-tolyl)thio- 124 
4-benzylamido-5-methyl-2-

(p-nitrophenyl)- 116 
1-benzyloxymethyl- 126 
4-benzylthio-1-methyl-5-[(2-

tetrahydropyranyl)oxy]methyl- 18 
4-bis-(p-chlorophenyl)hydroxymethyl-1-

trityl- 220 
2,4-bis-( dimethylarnino )-1-methyl- 61 
2,4-bis-(trilluoromcthyl)-5-methyl- 225 
2,5-bis-(m-bromophenyl)-4-mcthyl- 137 
2,5-bis-(m-nitrophenyl)-4-methyl- 137 
2.5-bis-(p-nitrophcnyl)-4-mcthyl- 137 
2,5-bis-(trilluoromethyl)-4-phenyl- 152 
4,5-bis-(p-JltJorophenyl)- 159 
4,5-bis-(hydroxymerhyl)- 243 

TNDEX 

2-bromo- 54, 216, 232 
4-bromo- 212, 213, 216, 230 
4-bromo-5-cyano- 209 
4-bromo-1,5-dimethyl- 218 
4-bromo-2-ethyl- 213, 230 
4-bromo-5-hydroxymerhyl- 214 
4-bromo-1-methyl-5-carbaldehyde 218 
1-(p-bromophenyl)-2,5-diphenyl- 139 
1-( p-bromopheny 1)-2-methylthio- ll2 
2-{p-bromophenyl)-4,5-bis-

(p-methoxyphenyl)- 152, 154 
2-(o-bromophenyl)-4,5-dicyano- 12 
2-(m-bromophenyl)-4,5-dicyano- 12 
2-( p-bromophenyl)-4,5-dicyano- 12 
2-(p-bromophenyl)-1 ,5-diphenyl- 139 
2-( p-bromopheny1)-4,5-diphenyl- 152 
2-(p-bromophenyl)-4-(2' -thicnyl)- 97 
4-butanoyl-2-phenyl- 171 
1-butyl- 154 
1-butyl-5-cbloro-2-propyl- 4 
1-butyl-2,5-diisopropyl-4-thiol /9 
1-butyl-5-isopropyl-2-phenyl-4-thiol /9 
2-butyl-5-chloro-1-pentyl- 4 
4-butyl- 129, 130, 131, 132 
4-buty1-1 ,5-dipropyl- 131 
4-butyl-1-ethyl- /26 
4-buty1-2-methyl- !57 
4-buty1-5-methyl- 130 
4-butyl-5-phenyl-1-propyl- 132 
4-buty1-5-propyl- 172 
1-t-butyl- 17, /26, 154 
1-t-butyl-4-ethyl- 112 
l-t-buty1-4-isopropyl- 112 
1-t-butyl-4-isopropyl-5-trilluoromethyl-

17 
1-t-blltyl-4-methyl- 126 
1-t-blltyl-5-methyl- 120 
1-t-blltyl-5-methyl-4-phenyl- 121 
1-t-hlltyl-5-phenyl- 99 
1-t-btJtyl-4-(p-tolyl)- 112 
2-t-blltyl-4,5-diphenyl- 168 
4-t-blltyl- 157 
4-t-btJtyl-l-isopropy1- 112 
4-t-butyl-1-methy1- 112 
4-t-bllty1-2-methy1- 157 
5-t-butyl-1-methoxyethyl-2-thiol 108 
5-t-butyl-t-methyl- 99 
5-t-buty1-4-(p-tolyl)thio- 124 
2-t-bllty1amino-4,5-dicyano- 67, 67 
2-carbaldehyde 9, 43, 44, 47, 243 



TNDEX 

lmidnzok (continued) 
4-carbaldehyde 114, 128, 173. 175, 176, 

217, 220, 243 
5-carbaldehyde 173, 176, 217, 218, 243 
4-carbalkoxy- 171, 241 
4-carbalkoxy-5-ary1-2-ary1thio- 133 
5-carbalkoxy- 1 08 
4-carbamoy1- 47, 181 
4-carbino1s 220 
2-carbethoxy- 14, 43, 47, 115, 240, 243 
2-carbethoxy-4-carbomethoxy- 144 
2-carbethoxy-l-methy1- 215 
2-carbethoxy-4-methyl- 115 
4-carbethoxy- 14, 59, 95, 112, 116, 127, 

133, 143, 144, 152, 153, 160, 220 
4-carbethoxy-2,5-diphenyl- /52 
4-carbethoxy 2,5-dipropyl- /52 
4-carbethoxy-5-methyl-2-phenyl- 116 
4-carbethoxy-1-phenyl-5-phenylamino-

127 
4-carbethoxy-2-phenyl- 42, 47 
4-carbcthoxy-2-phenyl-5-propyl- /52 
4-carbethoxy-5-phenyl- 143, 152 
4-carbethoxy-5-phenyl-2-propyl- /52 
5-carbethoxy- 58, IIO, 143 
5-carbethoxy-2,4-difluoro- 223 
5-carbethoxy-2,4-diphenyl- 152, 155 
4-carbethoxyethy1-2-phenyl- 42 
4-carbethoxymethyl-2-phenyl- 42 
4-carbinols 217, 220 
2-carbomethoxy- 98, 240 
4-carbomethoxy- 10, 95, 98, 109, 116, 

132, 144, 171, 237 
4-carbomethoxy-2-(p-chlorophenyl)- 47 
4-carbomethox y-5-diethox ymcthy 1- 132 
4-carbomethoxy-1 ,5-diphenyl- 100 
4-carbomethoxy-5-hydroxy- 95 
4-c.:trhomerhoxy-1-merhyl- 65, 169 
4-carbomethoxy-1-methyl-5-phen yl- 100 
4-carbomethoxy-2-mcthyl- 171 
4-carbomethoxy-5-methyl-2-phenyl- 116 
4-carbomethoxy-S-methyl-2-phenyl-1-

phthalimido- 10 
4-carbomcthoxy-1-phenethyl-5-phenyl-

100 
4-carbomethoxy-2-phcnyl- 47, 171 
4-carbomethoxy-5-pheny1-1-(3' -picolyl)-

100 
5-carbomethoxy-1-methyl- 242 
5-carbomethoxy-4-phenyl-2-thiol 106 
1, l' -carbonyldi- 80 

2-carboxamido- 46, 114, 167, 168 
2-carboxamido-5-ethyl-4-

methylpheny1amino- 167 
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2 -carboxamido-5-mcthy 1-4-
methylphenylamino- 167 

2-carboxamido-4-methylphenylamino-5-
phenyl- 167 

4-carboxamido- 14, 47, 48, ll6, 160, 181 
5-carboxamido-4-cyano- 68 
2-carboxylates 111, 115, 240 
4-carboxylates 100, 108, 109, 116, 241 
5-carboxy lates 108, 241 
2-carboxylic acid 44, 47, 217, 237, 240 
4-carboxylic acid 47, 64, 237, 239 
5-carboxylic acid 237, 239 
(R)-1 a-carboxy-y-methylthiopropyl-4,5-

dimethyl-3-oxide 160 
2-chloro- 216, 229, 232 
4-ch1oro- 183, 213, 220, 229 
4-ch1oro-l-cyano- 183 
4-chloro-1-cyano-2,5-dibuty1- 183 
4-chloro-1-cyano-2,5-dicthyl- 183 
4-chloro-1-cyano-2,5-diisobutyl- 183 
4-chloro-1-cyano-2,5-dimethyl- 183 
4-chloro-1-cyano-2,5-dipheny1- 183 
4-chloro-1-cyano-2,5-dipropyl- 183 
4-chloro-5-iodo- 212 
5-chloro- 3, 4, 5, 229 
5-ch1oro-l-benzy1- 4 
5-chloro-1-butyl- 4 
5-chloro-2-(o-chloropheny 1)-1-methyl- 4 
5-chloro-2-(p-chloropheny1)-1-methyl- 4 
5-chloro-1,2-disubstituted 3, 4 
5-chloro-1,2-diphenyl- 5 
5-chloro-1-ethyl- 4 
5-chloro-1-ethyl-2-methyl- 4 
5-chloro-1-ethyl-2-phenyl- 5 
5-chlorn-2-ethyl-1-propyl- 4 
5-chloro-1-isobutyl- 4 
5-chloro-1-isobtJtyl-2-isopropyl- 4 
5-chloro-1-isopropy 1- 4 
5-chloro-1-methoxycthyl-2-phcnyl- 4 
5-chloro-1-methyl- 4 
5-chloro-1-methyl-2-phenyl- 4, 4 
5-chloro-1-methyl-2-(3' -pyridyl)- 4 
5-chloro-4-nitro- 229 
5-chloro-1-phenyl- 4 
5-(p-chlorobenzoyl)-1 ,2-diphenyl-4-

mcthylthio- 101 
5-(p-chlorobenzoyl)-2-methyl-4-

methylthio-1-phenyl- 101 
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Imiáazole (conlinued) 
5-(p-chlorobenzoyl)-4-methylthio-1-

phenyl- 101 
l-(2-chloroethyl)-4-isopropyl-5-methy1-2-

phenyl- JO 
l-(o-chlorophenyl)-2-methylthio- 113 
1-(p-chlorophenyl)-2-methylthio- 113 
2-(o-chloropbenyl)-4.5-dicyano- J2 
2-(m-chlorophenyl)-4,5-dicyano- /2 
2 -( p-chloropbenyl )-4,5-dicyano- 12 
2-(o-chlorophenyl)-1-(2' ,6'-

dimethylphenyl)-5-lluoro-4-
trilluoromethyl- 47 

2-(p-chlorophenyl)-4,5-diphenyl- 152 
2-(p-chlorophenyl)-5-phenyl-4-(2'­

thienyl)- 97 
4-(p-chlorophenyl)- 158 
5-(p-chlorophenyl )-2-(2'-furyl )-4-phenyl-

152 
5-(p-chloropbenyl)-4-phenyl-2-(2'-

thienyl)- 152 
2-cinnamoyl-1-methyl- 245 
1-cyano- 181, 182 
1-cyano-2,5-dibutyl- 183 
1-cyano-2,5-di-s-butyl- 183 
1-cyano-2,5-diethyl- 183 
1-cyano-2,5-diisopropyl- 183 
1-cyano-2,4-dimethoxy- 181 
1-cyano-2,5-dimethyl- 183 
1-cyano-2,4-diphenyl- 183 
1-cyano-2,5-diphenyl- 183 
1-cyano-4,5-diphenyl- 183 
1-cyano-2,5-dipropyl- 183 
1-cyano-2-mcthyl-4-phenyl- 183 
1-cyano-2-methyl-5-phenyl- 183 
1-cyano-4-rnethyl-2-methylthio- 181 
1-cyano-4-methyl-2-phenyl- 183 
l-cyano-5-methy1 2-phenyl- 183 
1-cyano-5-methyl-4-phenyl- 183 
2-cyano- ll4, 181, 182 
2-cyano-1-hydroxy- 182 
2-cyano-4-pheny1- 182 
4-cyano- 13-15, 48-52, 68, 113, 160, 

168, 181, 209 
4-cyano-5-amino- 13, 235 
4-cyano-5-carboxamide 14, 68 
4-cyano-5-hydroxy- 143 
4-cyano-1-(2' -hydroxy-3' -nony1)- 161 
4-cyano-5-methoxy-4-tetrahydroxybutyl-

12 
4-cyano-1-methyl- 168 

INDEX 

4-cyano-2-phenyl- 181 
5-cyano- 58, 60, 143 
5-cyano-1,2-diaryl-4-hydroxy- 143 
5-cyano-1-methyl- 60, 168 
4-cyanoformirn.idoyl- 50, 5! 
1-(o-cyanophenyl)- 204 
1-(m-cyanophenyl)- 204 
1-(p-cyanophenyl)- 204 
1-cycloheptyl-4,5-diphenyl- 148 
1 -cyclohexyl- !54 
1-cyclohexyl-5-( p-nitropheny 1)-4-tosyl-

122 
1-cyclohexyl-5-pbenyl- 99 
1-cyclobexyl-4-tosyl-5-thiol 122 
2-cyclohexyl-4,5-dicyano- 12 
2-cyclohexy 1-4,5-diphenyl- 156 
2-cyclohexyl-4-pbenyl- 156 
5-cyclohexyl-2,4-diphenyl- 156 
deprotonation 196 
1,4-diacetyl-2-methyl- 177 
2,4-diacyl- 143, 144 
1,2-dialkyl-4,5-dicyano- 68 
1,4-dialkyl- 126, 147 
1,5-dia!kyl- 197 
2,4-dialkyl- 15, 170, 178 
2,4(5)-dialkyl-5(4)-arylthio- 15 
2,5-dialkyl-1-cyano- 182 
2,5-dia!kyl-4-chloro-1-cyano- 183 
4,5-dialkyl- 135, 151, 157, 158 
2-dialkylamino- 11 
1-dialky1aminomethy1- 199 
1,2-diamino-4-aryl- 137 
1 ,5-diamino- 52, 94 
1 ,5-diamino-4-cyano- 52 
1,5-diamino-4-cyanofonnirnidoyl- 52 
2,5-diamino- 147, 148 
1,2-diaryl- 143 
l,'i-diaryl- 125 
2,4-diaryl- 42, 170 
2,5-diaryl-4-methyl- 137 
4,5-diaryl- 130, 148, 151, 152, 157, 158 
4,5-diaryl-1-methyl- 130 
2-diazoniurn lluoroborate 222 
4-di azo- 223 
1,4-dibenzyi-S-methyl-2-phcnyl- JO 
4,5-dibromo-1-methyl-2-carboxylic acid 

217 
4,5-dibutyl- 158 
1,4-di-t-butyl- 112 
4,5-di-t-buty1- 153 
4,5-dicarbaldehyde 173, 217 



INDEX 

lmillazok (continued) 
2,4-dicarbalkoxy- 144 
2,4-dicarbethoxy- 14, 47 
4,5-dicarbethoxy- 243 
2,4-dicarbomethoxy- 171 
2,4-dicarbomethoxy-1-methyl- 144 
4,5-dicarbomethoxy-2-phenyl- 171 
4,5-dicarboxamide 68 
4,5-dicarboxylates 160 
4,5-dicarboxylic acid 160, 172, 237, 238 
4,5-dichloro- 66, 155, 212, 229 
4,5-dichloro-2-substituted 66 
2-dichloromethyl- 44, 243 
2-(2' ,4' -dichlorophenyl)-4,5-diphenyl-

153 
1,5-di(p-chlorophenyl)- 121 
1 ,5-di(p-chlorophenyl)-2-methylthio- 125 
4,5-di(p-chlorophenyl)-1-methyl- 131 
4,5-dicyano- 11, 12, 12, 48, 49, 66-68, 

238 
4,5-dicyano-2-t-butyl- 12 
4,5-dicyano-1,2-dimethyl- 52 
4,5-dicyano-2-dimethylamino- 12 
4,5-dicyano-2-ethoxy- 12 
4,5-dicyano-1-ethyl- 51, 52 
4,5-dicyano-2-ethyl- 12 
4,5-dicyano-2-(o-fluorophenyl)- 12 
4,5-dicyano-2-(m-fluorophenyl)- 12 
4,5-dicyano-2-methoxy- 12 
4,5-dicyano-2-(p-methoxyphenyl)- 12 
4,5-dicyano-1-methyl- 51 
4,5-dicyano-2-methyl- 12, 67 
4,5-dicyano-2-methylsu1fonamido- 67 
4,5-dicyano-2-phenyl- 12, 12 
4,5-dicyano-2-phcnylsulfonamido- 67 
4,5-dicyano-2-propyl- 12 
4,5-dicyano-2-sulfonylarnino- 67 
4,5-dicyano-2-trifluoromethyl- 12 
1-diethoxyrnethyl- 2U6 
5-diethoxymethyl-4-methoxycarbony1-

!32 
2,5-dicthyl-4-phcnyl- 179 
4,5-dicthyl- 158 
2, 4-difl uoro- 223 
2,5-di(p-fluorophenyl)-4-phenyl- 162 
4,5-di(p-fluorophenyl)- 158 
2,4-di(2'-furyl)- 156 
4,5-di(2' -furyl)-2-phenyl- !56 
diimida:w[3,4-a;3' ,4' -d]piperazin-2,4-dione 

237 
4,5-diiodo- 231, 232 

4,5-diisobutyl- 158 
1,4-diisopropyl- 112 
1,5-diisopropyl- 121 
4,5-diisopropyl- 158 
2-(2' ,6' -dimethoxy)benzoyl- 111 
2,4-di(p-methoxyphenyl)- 156 
2,5-di(p-methoxyphenyl)-4-

(p-fltmrophenyl)- 162 
1,2-dimethyl- 168, 177, 216, 231 
1 ,2-dimethyl-4,5-diaryl- 128 
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1 ,2-dimethyl-2-iodo- 232 
1,2-dimethy1-4-(p-nitrophenyl)-5-pheny1-

128 
1 ,4-dimcthyl- 168, 197 
1,4-dimethyl-2,5-diaryl- 128 
1,4-dimethyl-2,5-diphenyl- 128 
1,4-dimethyl-5-hydroxymethyl- 214 
1,5-dimethyl- 168, 197, 218 
I,S-dimethyl-2,4-diary1- 128 
1,5-dimethyl-2,4-diphenyl- 9, 128 
1,5-dimethyl-2-hydroxymethyl- 214 
1,5-dimethyl-4-(p-methoxypheny1)-2-

pheny1- 128 
1,5-dimethy1-4-methylcarbamoyl-2-phenyl-

181 
1,5-dimethy 1-4-( p-nitrophen y! )-2-phen yl-

128 
1 ,5-dimethy 1-2-phenyl-4-phenylcarbamoyl-

181 
2,4-dimethyl- 151, 157, 169, 172 
2,4-dimethyl-5-carbaldehyde 173 
2,5-dimethy1- 114 
2,5-dimethy 1-1-dimethylamino- 1 O 
2,5-dimethyi-1-(N ,N-

dimethyl)sulfonamido- 218 
2,5-dimethyl-1-isopropyl- 114 
2,5-dimethyl-1-phenyl-4-phenylcarbamoy 1-

181 
4-(2' ,2' -dimethyl)imidazolecarbohydrazide 

238 
2,5-dimethy 1-4-methy lcarbamoyl-1-phen yl-

182 
4,5-dimethyl- 115,158, 159,160,172 
4,5-dimethyl-1-dimethy1amino-2-phenyi­

JO 
4,5-dimethyl-2-ethyl-1-hydroxy- 3-oxide 

115 
1-[(dimethylarnino)methyl]- 200 
1-dimethylamino-2,4,5-trimethyl- JO 
2-dimethylamino-4,5-di-

( p-chlorophcnyl)- 145 
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ImiJIJzole (continued) 
2-dimethylam.ino-4,5-di­

(p-methoxyphenyl)- 145 
2-dimethylam.ino-4,5-diphenyl- 145 
1-(p-dimethylaminophenyl)-4,5-diphenyl-

149 
2-(p-dimethylaminophenyl)-4-phenyl-5-

(2' -thienyl)- !52 
1-(2' ,6' -dimethylphenyl)-5-Huoro-2-

phenyl-4-triftuoromethyl- 47 
1-(N,N-dimethylsulfamoyl)- 200, 207 
1-(N ,N-dimethyl)sulfonamido- 208, 218, 

219, 229 
4,5-di(2' -naphthyl)-1-methyl- 131 
1 ,4-dinitro- 209, 223 
1,4-dinitro-2-m¿thyl- 223 
2,4-dinitro- 234 
2.4-dinitro-5-iodo- 234 
1 ,5-di(p-nitrophenyl)- 121 
1,2-dipheny1- 18, 19, 140 
1,2-dipheny1-5-ethyl- 140 
1 ,2-dipheny1-5-(p-methoxybenzoyl)-4-

methylthio- 101 
1 ,2-diphenyl-5-methyl- 140 
1 ,2-diphenyl-4-methylthio-5-(p-toluoyl)-

101 
1 ,5-diphenyl- 122 
1 ,5-diphenyl-2-methy1- 139 
1,5-dipheny1-4-tosy1- 122 
2,4-dipheny1- 42, 155, 169, 170, 172 
2,4-diphenyl-1 ,5-dipropy1- 132 
2,4-dipheny-1-(p-ftuoropheny1)-5-methy1-

139 
2,4-dipheny1-5-(p-methoxystyry1)-1-

methy1- 128 
2,4-dipheny1-5-methy1-l-(p-tolyl)- 139 
2,4-diphenyl-5-( 1 '-naphthyl)- /52 
2,4-diphenyl-5-propyl- 131 
2,4-dipheny1-5-(3'-pyridy1)- 131 
2,4-dipheny1-5-(2' -thienyl)- 152 
2,4-diphenyl-5-(m-toly1)- 131 
2,4-dipheny1-5-(p-tolyl)- 131 
2,4-dipheny1-5-trilluoromethy1- 152 
2,5-diphenyl- 128, 137 
2,5-diphenyl-1-(p-tluoropheny1)- 139 
2,5-diphenyl-4-(p-

fluorophenyl)- 162 
2,5-diphenyl-l(p-methoxyphenyl)- 139 
2,5-diphenyl-4-(p-methoxyphenyl)-1-

methyl- 128 

INDEX 

2,5-diphenyl-1-methy 1-4-( p-nitropheny 1)-
128 

2,5-diphenyl-1-(p-nitropheny1)- 139 
4,5-diphenyl- 54, 148, 152, 158 
4,5-diphenyl-2-(2' -fury1)- /52, 156 
4,5-diphenyl-2-(p-methoxyphenyl)- 152 
4,5-diphenyl-1-methyl- 121. 128, 130 
4,5-diphenyl-2-methyl- 152, 168 
4,5-diphenyl-1-(p-nitrophenyl)- 121 
4,5-diphenyl-1-propyl- 131 
4,5-diphenyl-2-(2' -thienyl)- /52 
4,5-diphenyl-2-trilluoromethyl- /52 
4,5-diphenyl-2-vinyl- 168 
4-diphenylmethoxy- 220 
1 ,5-dipropyl-4-phenyl- 131 
4,5-dipropyl- 135, /58 
4,5-dipropyl-2-methyl- 179 
1,2-disuhstituted 45, 112, 139 
1,4-disubstituted 64, 69, 112, 120, 125, 

126, 157, 160, 198 
1,5-disubstituted 64, 98, 99, 10R, 119, 

120, 173, 195, 198, 206 
2,4-disubstituted 7, 41, 42, 42, 46, 68, 

71, 112, 115, 141, 156, 169, 181, 
IR3 

2,5-disubstituted 41 
4,5-disuhstituted 100, 120, 124, 

127-129, 130, 132, 135, 145, 157, 
158, 237 

2,5-dithiol 179 
4,5-di(p-tolyl)-1-methyl- 131 
2,4-di(triftuoromethyl)- 152 
2,5-di(p-triftuoromethylphenyl)-4-

(p-fluorophenyl)- 162 
2-ethoxy-1-hydroxy- 70 
2-ethoxy-1-hydroxy-4-methyl-5-phenyl-

70 
2-ethoxy-1-hydroxy-5-methyl-4-phenyl-

70 
4-ethoxy- 5 
4-ethoxy-2-phenyl- 5 
1-( 1-ethoxyethyl)-2-methyl- 200 
1-(1-ethoxyethyl)- 200 
1-(l-ethoxyethy1)- 2-pheny1- 200 
l-ethoxymethyl-2-pheny1- 200 
1-ethy1- 126 
l-ethy1-2-hydroxy-5-methy1-4-phenyl-

110 
1-ethyl-5-methyl- 121 
1-ethyl-2-methylthio- 113 
1-ethyl-5-phenyl- 206 



INDEX 

lmü/nzolt (continued) 
1-ethy1-4-tosy1-5-thio1 123 
2-ethy1- 230 
2-ethy1-1-hydroxy-3-mtide 155 
2-ethyl-4-methy1-5-pheny1- 161 
4-ethy1-l-isopropy1- 112 
4-ethy1-1-methyl-2-pheny1- 9 
4-ethy1-5-methy1- 172 
4-ethyl-2-phenyl- 42 
4-ethyl-5-propyl- 158 
5-ethyl-1-(p-fluorophenyl)-2-pheny1- 139 
5-ethy1-4-phenyl- 158, 179 
5-ethy1-4-(p-to1yl)thio- 124 
4-ethyny1-2-phenyl- 181 
2-fluoro- 222, 227 
2-fluoro-1-methyl- 228 
2-fluoro-1-trityl- 216 
4-fluoro- 223, 227 
5-fluoro- 47, 48, 227 
5-fluoro-2-phenyl-4-trifluoromethyl-1-

(2' ,4' ,6'-trimethylphenyl)- 47 
5-fluoro-4-trifluoromethyl- 47, 48 
2-(p-tluoropheny1)-4-methyl- 112 
2-(o-fluorophenyl)-4-(2' -thienyl)- 97 
4-(p- tluoropheny 1)-5-phen yl-2-( 4'-

pyridyl)- 163 
2-formyl-4-methyl-1-pheny1-3-oxide 9 
2-(2' -fury 1)-5-(p-methox yphe n yl )-4-

pheny1- 152 
2-(2' -furyl)-4-pheny1-2-(p-toly1)- 152 
2-H- 15, 68 
4-H- 17, 145 
4-halogeno- 220 
4-halogeno-1-methy1- 198 
5-halogeno-1-methyl- 198 
2-n-heptanoyl-1-methyl- 244 
2-hetaryl- 152 
4-hetaryl- 131, 152 
1-hydroxy- 53, 69, 70, 115, 116, 155, 

159 
1-hydroxy-3-ox.ide 115, 116, 155 
1-hydroxy-2-pheny1-3-oxide 155 
1-hydroxy-2,4,5-trimethy1-3-oxide 115, 

155 
2-hydroxy- (one) 67, 109, 147 
2-hydroxy-4,5-dicyano- 67 
4-hydroxy- 143, 145 
5-hydroxy- 65, 66, 95, 96 
5-hydroxy-1-isopropyl-2-methyl-4-propy1-

114 
4-(1' -hydroxybenzyl)-1-trityl- 220 

4-(p-hydroxybenzyl)-2-phenyl- 42 
2-(1'-hydroxyethyl)- 43, 116 
4-(1'-hydroxyethy1)-5-methyl- 159 
4-(1'-hydroxyethyl)-1-trity1- 220 
2-hydroxymethy1- 47, 214, 242 
2-hydro1tymethy1-1-methyl- 47 
4-hydroxymethy1- 42, 135, 136, 156, 

157, 242 
4-hydroxymethy1-5-methy1- 158 
4-hydroxymethyl-2-pheny1- 42, 157 
4-hydroxymethy1-2-(p-toly1)- 157 
5-hydroxymethy1- 214 
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4-(1 '-hydroxy-2' -propenyl)-1-trityl- 220 
4-(p-hydroxyphenyl)-2-phenyl- 42 
4-hydroxypropyl- 159 
2-iodo- 206, 231. 232 
2-iodo-1,2-dimethy1- 231 
4-iodo- 213, 231 
4-iodo-1-triphenylmethyl- 200 
S-iodo- 213, 231 
4-isohutyl- 157 
4-isobutyl-2-methy1- 157 
1-isopropy1- 1 54 
1-isopropyl-2,5-dimethyl- 114 
1-isopropy1-5-methy1- 121 
1-isopropyl-5-methy1-4-pheny1- 121 
2-isopropy1-4-(2' -thieny1)- 99 
4-isopropy1- 17 
4-isopropyl-2-methyl- 156 
4-isopropyl-5-methyl-2-phenyl-1-

phthalirnido- JO 
5-isopropy1-1-methyl- 121 
5-isopropy1-4-phenyl- 158 
5-isopropyl-4-(p-to1yl)thio- 124 
2-lithio- 216, 228, 231 
2-lithio-1-methyl- 228 
2-lithio-l-phenylsulfony1- 231 
2-lithio-1-trityl- 232 
4-lithio- 216 
5-lithio- 216 
2-methoxy-5-methyl-4-phenylcarbamoy1-

182 
4-methoxy- 17, 71 
4-methoxy-2-substituted 70 
5-methoxy-4-methyl- 17 
4-methoxycarbonyl- 65 
4-methoxycarbonyl-5-(2' -furyl)- 133 
4-methoxycarbonyl-5-pheny1- 133 
4-methoxycarbonyl-5-(2'-pyridyl)- 133 
4-methoxycarbonyl-5-(3 '-pyridyl)- 133 
4-methox ycarhonyl-5-( 4' -pyridyl)- 133 
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lmidilzole (continued) 
5-methoxymethy1-4-(p-tolyl)thio- 124 
1-(p-rnetholtyphenyl)- 126 
1-( p-methoxypheny 1)-4-methyl- 126 
1-(p-metholtyphenyl)-2-methylthio- 113 
2-(p-methox ypheny 1)-4-phenyl-5-(2'-

thienyl)- 152 
4-(p-methoxyphenyl)- 158 
5-(p-methoxyphenyl)-4-phenyl-2-(2'­

thienyl)- 152 
5-(p-methoxyphenyl)-4-( p-tol yl)thio-

124 
1-methyl- 4, 9, 18, 51, 61, 64, 130, 154, 

168, 196, 212, 217, 228 
l-methy1-5-t-butyl- 99 
1-methyl-4-carbaldehyde 217 
1-methyl-5-carbaldehyde 217 
1-methyl-4-carboxy!ic acid 239 
1-methyl-5-carboltylic acid 239 
l-methyl-4-(p-chlorophenyl)-5-

nilluoromethy1- 17 
l-methy1-5-(p-chlorophenyl)-4-

nilluoromethyl- 17 
1-methyl-4,5-diaryl- 128 
1-methyl-4,5-dicarbaldehyde 217 
l-methy1-4,5-dicarboxylic acid 238 
1-methyl-2,5-dipheny1- 68 
1-methy1-4,5-diphenyl- 16 
1-methyl-2,5-diphenyl-4-styryl- 128 
1-methy1-2-hydroxymethyl- 214 
1-methy1-5-methoxybenzy1-4-thio1 /9 
1-methy1-4-(p-methoxyphenyl)-5-

trilluoromethyl- /7 
l-methy1-S-(p-methoxyphenyl)-4-

nilluoromethyl- /7 
l-methy1-2-methylthio- 113 
1-methyl-4-nitro- 198 
l-methy1-S nitro 198 
l-methy1-5-(p-nitrophenyl)- 99, 121 
l-methy1-4-(p-nitrophenyl)-5-

trifluoromethyl- 17 
1-methyl-5-(p-nitrophenyl)-4-

nilluoromethyl- 17 
l-methyl-2-p"nty1- 43 
l-methy1-2-phenyl- 43 
1-methyl-.5-phenyl- 99 
l-methy1-2-phenyl-4,5-tetrarnethy1ene- 9 
l-methy1-4-phenyl-5-trifiuoromethyl- /7 
l-methy1-5-phenyl- 121 
l-methy1-5-phenyl-4-nifiuoromethyl- /7 
l-methy1-4-thiol /9 

INDEX 

l-methyl-4-(p-to1 yl)-5-nilluoromethyl-
17 

1-methyl-5-(p-tolyl)- 121 
l-methyl-5-(p-tolyl)-4-nilluoromethyi-

J7 
1-methyl-2,4,5-triaryl- 128 
1-methyl-2,4,5-tribrorno- 217 
1-methyl-2-trimethylstannyl- 228 
1-methyl-2,4,5-triphenyl- 9, !28 
l-methyl-4-tosyl-5-thio1 123 
2-methyl- 63, 65, 141, 156, 157, 159, 

169, 179 
2-methyl-d3 111 
2-methyl-4-carhaldehyde 173 
2-methyl-4,5-dicarboxy1ic acid 172 
2-methyl-4,.5-diphenyl- 168 
2-methyl-1-hydroxy-3-oxide 155 
2-methy1-4-methylthio-l-phenyi-S-(p-

toluoyl)- 101 
2-methyl-4-nitro-1-(p-to1yl)- 223 
2-methyl-1-phenyl- 179 
2-methyl-4-propyl- 157 
4-methy1- 17, 112.130, 1.51, 156, 168. 

170, 172, 220, 224, 
4-methyl-2-carbaldehyde 173 
4-methyl-2,5-diphenyl- 137 
4-methy1-5-hydroxymethyl- 214 
4-methyl-1-(p-nitropheny1)-5-phenyl-

121 
4-methyl-2-penty1- 42 
4-methyl-1-pheny!- 126 
4-methyl-2-phenyl- 42, 170, 172 
4-methyl-5-propyl- 172 
4-methy1-2-trilluoromethyl- 224 
5-methyl- 110, 120, 121 
5-methy1-2-methy1amino-4-pheny1- 145 
5-methyl-2-phenyl-4-carbaldehyde 173 
5-m.,thyl-2-pheny1-1-( p-tolyl)· 140 
5-methyl-4-phenyl- 158, 1 S~ 
5-methyl-4-(p-tolyl)thio- 124 
5-methyl-4-trilluoromethyl- 224 
5-rnethyl-1 ,2,4-triphenyl- 139 
2-methylarnino- 145 
methylation ratios /99 
4-methylcarbamoy1-1,2,5-trimethy1- 181 
5-methylsulfinyl-4-nitro- 247 
1-methylsulfony1- 208, 209 
2-methylthio 58, 60, 98, 111-113 
2-methylthio-1-phenyl- 1 13 
2-methylthio-1-substituted 113, 246 
2-methylthio-1-(o-tolyl)- 113 
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Tmülazole (continued) 
2-methylthio-1-(p-to1yl)- 113 
4-methylthio- 220, 247 
4-methylthio-1-phen yl-5-(p-

toluoyl)- 101 
5-methylthiomethy1-4-( p-toly1)thio- 124 
!-nitro- 207, 209, 223 
2-nitro- 214, 218, 234 
4-nitro- 214, 234, 247 
4-nitro-1-phenyl- 223 
4-nitro-(1-o-nitrobenzenesulfony1)- 223 
S-nitro- 234 
1-(o-nitrohenzy1)-4-carbaldehyde 243 
1-( p-nitrohenzyl)-4-carhaldehyde 243 
1-(o-nitrobenzy1)-5-carbaldehyde 243 
1-(p-nitrobenzyl)-5-carhaldehyde 243 
1-(o-nitropheny1)- 204 
1-(m-nitropheny 1)- 204 
1-(p-nitrophenyl)- 204 
1-(o-nitropheny1)-4-carbaldehyde 243 
1-(p-n itropheny1 )-5-carbaldehyde 243 
1-(p-nitrophenyl)-5-pheny1- 121 
l-(p-nitrophenyl)-5-phenyl-4-tosy1- 122 
2-(m-ni tropheny 1 )-4-phen y1-5-(2' -thienyl )-

!52 
4-(p-nitrophenyl)- 158 
5-(p-nitrophenyl)-1-phenyl- 120 
5-(p-nitrophenyl)-1-phenyl-4-tosyl- 122 
5-(p-nitrophenyl)-4-( p-to1yl)thio- 124 
N-oxides 9, 69, 115, 159, 160 
3-oxide 115, 116, 155, 159, 160 
2-penryl- 43 
2-(p-phenoxyphenyl)- 156 
4-(p-phenoxyphenyl)- 156 
1-pheny1- 8, 120, 126, 182, 204, 223 
1-phenyl-5-(p-tolyl)- 121 
1-phenyl-2,4,5-trimethyl- 1 O 
2-phenyl- 5, 9, 42, 43, 59, 142. 156. 170. 

172,200 
2-phenyl-1,4,5-trimethyl- 9 
4-phenyl- 130, 145, 158, 159 
4-phenyl-2-(2' -pyridyl)-5-trilluoromethyl-

152 
4-phenyl-2-(2'-thienyl)-5-(p-to1y1)- /52 
4-phenyl-5-(2'-thienyl)-2-(m-tolyl)- 152 
4-phenyl-5-(2' -thieny1)-2-(p-tolyl)- /52 
4-phenyl-2-(p-toly1)-5-trilluoromethyl-

152 
4-phenyl-5-(p-tosy1)- 123 
5-phenyl- 99, 100, 206 
5-phenyl-4-(p-tolyl)thio- 124 

4-phen y1arnino- 46 
5-pheny1amino- 127 
1-pheny1sulfonyl- 209 
2-pheny1thio-1-trityl- 24 7 
4-pheny1thio- 15 
4-po1yhyd!oxyalky1- 152, 156 
1-n-propyl- 196 
1-propyl-2,4,5-triphenyl- 131 
5-propyl-4-phenyl- 179 
l-protected-4-carbino1s 220 
1-(2' -pyridyl)- 204 
1-(3' -pyridyl)- 204 
1-(4'-pyridyl)- 204 
1-(4' -pyridyl)-4-(p-tosy1)- 122 
5-(2' -pyridyl)-4-(p-to1yl)thio- 124 
Schiff base 69 
1-SEM- 201 
4-Stytyl- 128 
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1-suhstituted 9, 43, 103, 154, 199 
2-substituted 43, 63-65,159,169 
4-suhstituted 99, 123, 126, 198, 206, 219 
sulfones 24 7 
4-sulfonic acid 247 
2-sulfonylarnino- 67, 67, 68 
1,2,4,5-tetrapheny1- 139 
1,2,4,5-tetrasubstituted 7, 8, /0, 18, 19, 

47, 48, 54, 58, 60, 66, 70, 98, 101, 
104, 115, 127, 128, 131, 132, 139, 
143, 160, 173, 181, 217 

4-(2' -thienyl)- 97 
4-(2' -thienyl)-2-(p-toly1)- 97 
1,1'-thiocarbonyldi- 81, 106 
2-thiol (thione) 106, 107, 108, 245 
4-thiol 18, 19, 101, 115, 119, 124, 246 
4-thio-1 ,2,5-trisuhstituted 115 
5-thiol 18. 120, 123, 180, 246 
1-(p-toluoyl)- 205 
1-( p-tolyl)- 204 
5-(p-to1y1)-4-(p-to1yl)thio- 124 
1-( p-tosyl)- 209 
4-(p-tosyl)- 120-123, 247 
4-(p-tosyl)-1-hetary1- 122 
4-(p-tosyl)-5-thio1 123, 180, 246 
1-(p -tosylamino)-2,4,5-trimethy1- JO 
1,2,5-trialky1- 114 
2,4,5-trialkyl- 151, 178 
1,2,5-triaryl- 138 
1,4,5-triary1- 148 
2,4,5-triaryl- 151, 152, 154,162, 163, 

179 
2,4,5-tribromo- 196, 216, 217, 230 
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lmúlazole (continued) 
2,4,5-tribromo-1-methyl- 212 
2,4,5-tribromo-l-viny1- 208 
2,4,5-trichloro- 212 
2-trichloromethyl- 240 
2-trideuteriomethyl- 47 
2-triethy1silyl- 219, 229 
2-triftuoromethyl- 7, !52 
2-triftuoromethyl-4-methyl- 224 
4-triftuoromethyl- 16, 17, 47, 48, 224 
4-triftuoromethyl-5-methyl- 224 
5-triftuoromethyl- 16, 17 
2,4,5-triiodo- 214, 233, 234 
2,4,5-tri-(p-methoxyphenyl)- 163 
1 ,2,5-trimethyl- 181 
1,4,5-trimethyl- 217 
2,4,5-trimethyl 115, 155 
1-trirnethylsilyl- 205, 207, 208 
2-trimethylstannyl- 228 
5-trimethyl~tannyl- 228 
2,4,5-trinitro- 214, 234 
1 ,2,5-triphenyl- 125, 138 
1,4,5-triphenyl- 179 
2,4,5-triphenyl- 131, 152, 153, 162, 168, 

179 
1-triphenylmethyl- 200 
4-triphenylphosphoniomethyl- 140 
1,2,4-trisuhstituted 14, 60, 98, 144, 148, 

181 
1,2,5-trisuhstituted 4, 5, 108, 114, 125, 

138, 139, 148, 173, 216 
1 ,2,5-trisubstituted-4-thio1s 246 
1,4,5-trisuhstituted 16, 52, 58, 66, 95, 98, 

113, 119-121, 127, 130, 148, 160, 
173, 217 

2,4,5-trisubstituted 14, 15, 43, 46, 47, 68, 
69, 71, 96, 104, 114, 116, 
131,133,140, 145,153,15R, 162, 
168, 170, 173, 178 

1-vinyl- 116, 183, 208, 209 
2-vinyl- 116, 168 
2-vinyl-4,5-diphenyl- 168 

2-imit/azoline 63, 64, 138 
2-alkyl- 168 
aromatization 27, 139, 168 
4-carbumethoxy-1-methy1- 64 
1-methyl-4-carboxylic acid 64 

3-imidawline 
2-ethoxy-1-hydroxy- 3-oxide 70 
1-hydroxy- 3-oxide 69 

INDEX 

4-imidazolin-2-one 7, 53, 66, 103, 104, llO, 
135, 147 

1-alkoxy 53 
4-amino- 147 
1-carbamoyl- 147 
1-cyano- 147 
4,5-dicyano- 67, 68 
4,5-dimethyl- 53, 246 
1,4-dimethyl-5-phenyl- 110 

2-imida:zolin-4-one 68, 146, 172 
2-anilino-1-phenylimida:zolin-4-one 146 
1-ary1-2-arylamino- 146 
4,5-dialkyl- 172 
1 ,2-dimethyl-5-phenyl- 172 
1-phenyl-2-(p-tolyl)amino- 146 

2-imida:zolin-5-one 96 

3-imida:zolin-2-one 
1-hydroxy-5-methyl-4-phenyl- 70 

imúlazolin-2-thione 103, 104, 106, 107, 
108, 147, 180 

1-acetylmethyl-5-methyl- 107 
4-acyl- 107 
5-acylamino- 180 
1-allyl-5-t-butyl- 107 
l-amino- 180 
5-amino-1-methy1- 180 
1-henzyl-5-t-butyl- 107 
1-benzyl-4-carbomethoxy- 107 
4-benzyl- 107 
5-benzyl-4-carbomethoxy- 107 
5-t-hutyl-1-methyl- 107 
5-t-hutyl-1-methylthioethyl- J()7 

4-carbomethoxy· 107 
4-carbumethoxy-5-(o-chlorophenyl)- 107 
4-carbumethoxy-5-(p-ftuorophenyl)- 107 
4-carbomethoxy-1-methyl- 107 
4-carbomethoxy-5-phenyl- 107 
4-carbomethoxy-4-(p-to1yl)- 107 
5-carbomethoxy-1-phenyl- 107 
4-(o-chlorophenyl )- 107 
1-cyclohexy1-5-isopropyl- 107 
4-cyclohexy1- 107 
4,5-dicarbethoxy-1-buty1- 107 
4,5-dicarbethoxy-1-cthy1- 107 
4,5-dicarbethoxy-1-isopropyl- /07 
4,5-dicarbethoxy-1-propyl- 107 
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1,4-dimethyl- 107 
1,5-dimethy1- 107 
4,5-dimethy1- 53 
4-(o-ftuoropheny1)- 107 
1-heptyl- 107 
4-isobuty1- 107 
4-isopropyl- 107 
5-isopropyl-1-methyl- 107 
4-(p-methoxyphenyl)- 107 
5-methyl-1-propy1- 107 
1-pentyl- 107 
4-phenethyl- /07 
4-propyl- 107 
4-(2'-pyridyl)- 107 
4-(3. -pyridyl)- 107 
4-(2' -thienyl)- 107 
4-(p-to1yl)- !07 
1-vinyl- 183 

imidazolium salts 46, 65, 66, .137, 154, 178, 
201, 206 

4-amino- 46, 161 
1-benzyl-3-methyl-iodide 202 
3-benzyl-1 ,4,5-triphenyl-perchlorate 179 
1-huty1-3-isopropyl-iodide 202 
1-hutyl-3-methyl-iodide 202 
l-butyl-3-propy1-iodide 202 
2-carha1dehyde 66 
4-carhethoxy- 107 
4-carbumethoxy- /07 
5-carbumethoxy- 107 
1 ,3-diethyl-iodide 202 
1 ,3-dimethyl-iodide 202 
1 ,3-disuhstituted-2-carhaldehyde 243 
l-ethyl-3-methy1-bromide 202 
1-ethyl-3-methy1-chloride 202 
1-erhy1-3-methyl-iodide 202 
1-ethy1-3-methyl pcrchlorate 202 
1-ethy1-3-methy1-retraphenylborate 202 
1-methyl.J-phenyl-iodide 202 
1-methyl-3-vinyl-iodide 202 
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imidazopyridines 5 
imidazothiazine 59 
1-isocyano-2-pheny1-1-( p-tosy1)ethene 99 
N-(4-isoxazoly1)formarnide 175 
isoxazoles 6, 172 
isoxazole-imidazole interconversion 176 
Maquenne synthesis 160 
Marckwald synthesis 103, 235 
methyl (E)- and (Z)-3-bromo-2-

isocyanocinnamate 99 
N -methy lbenzarnide acetone 97 
N -methy1-N -[2-[[(methylarnino )­

phenyhnethylene ]ami no ]-1-
cyclohexen-1-yl]benzamide 8 

N -(5-methyl-4-isoxazo1y1 )acetarnide 174 
N -(5-methyl-4-isoxazoly1)acetarnide 177 
o-nitroanilines, acylated 20 
oxarnides, symrnetrica1 3 
oxamides, unsymmetrica1 3 
oxazoles, conversion into imidazoles 135, 

156, !58, 167, 178 
a-oximi noketones 9 
N, a-pheny1nitrone 130 
phase-transfer catalysis 197, 204 
Phillips method 71 

photolysis 
of l-acy1imidazoles 6 
ofDAMN 14 
of pyrazoles 168 
of 1-vinyltetrazo1e 170, 171 

Schiff base 9, JO, 14, 47, 89 
thioureas 40, 41, 45, 53, 81, 134, 146 
TOSMlC (to1uene-p-sulfony1methyl 

isocyanide) 98, 119-126, 246 
a- tosylbenzyl isocyanide 121 
4-tosyloxazolines 125 
2-trihutylstannyUetrazole 171 
Ullmann arylation 203, 204 
ureas 40, 41, 53, 81, 134, 146, 172 
1-vinyltetrazole 171 
Wallach synthesis 3, 5 
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