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Antifungal activity of some imidazole derivatives 

G. P. ELLIS,* C. EPSTEIN, C. FITZMAURICE, L. GOLBERGt AND G .  H. 
LORD 

A series of 4(5)-arylimidazoles and their N-alkyl and other derivatives has been 
synthesised. Some of these compounds possessed good in vitro antifungal action, 
especially against strains of Trichophyton and less activity against Microsporurn, 
Aspergillus and Candida strains ; their activity against all mycological pathogens 
was reduced in the presence of serum. The three most active compounds are 
1 -alkyl-4-(3,4-dichlorophenyl)imidazoles in which the alkyl group is an n-propyl, 
n-butyl or isobutyl group. 4(5)-(2,3,4-Trichlorophenyl)imidazole is also almost as 
potent as an antifungal compound. Structure-antifungal activity relations for these 
compounds are discussed. 

HE imidazole ring occurs in several physiologically important com- T pounds such as histamine, histidine and the purines. 4(5)-Amino- 
imidazole-5(4)-carboxyamide promotes the growth of some micro- 
organisms and may be converted into purines by biological or chemical 
methods. In view of this and of the widespread chemical attention which 
has been paid to imidazole derivatives (Hofmann, 1953), it is surprising 
that few therapeutically useful compounds containing the simple imidazole 
ring exist. The antibiotic azomycin is 2-nitroimidazole (Nakamura, 
1955) ; imidazole-4,5-dicarboxyamide and its 1-alkyl derivatives have been 
claimed to be effective against coccidiosis in poultry (Merck and Co., 
1959) ; some imidazole-Zthiols have bacteriostatic activity (Simon & 
Kovtunovskaya-Levshina, 1957) and the use of metronidazole has been 
described (Cosar & Jolou, 1959). We have explored and now report the 
pharmacological and microbiological properties of a range of imidazole 
derivatives. 

The compounds described consist of imidazoles containing a substituted 
benzene ring in position 4 or 5 and optionally an alkyl, cyanoalkyl, 
carboxyalkyl, hydroxyalkyl or pyridylethyl group attached to the ring 
nitrogen atom. Substituents in the benzene ring included one or more 
halogen atoms, methyl, cyano, nitro or carboxy groups. A few other 
related compounds are also included. The synthesis of some typical 
compounds is described in the experimental section, and the melting- or 
boiling-point and analysis of the compounds are listed in Table 1, except 
for those compounds whose analysis is given in the text. 

Substituted 4(5)-arylimidazoles were generally prepared by the method 
of Bredereck & Theilig (1953) in which a phenacyl halide is heated under 
reflux with formamide. The phenacyl halides were synthesised by a 
Friedel-Crafts reaction between the aromatic compound and chloroacetyl 
chloride. 
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NH 

ArCOCH,CI + H.CO.NH, -+ 

I 
MeCHO + NH, + Cu++ 

Ar.CO.CH,.OCO.Me -+ 

4(5)-p-Chlorophenyl-2-methylimidazole was prepared by heating the 
phenacyl acetate, acetaldehyde, aqueous ammonia and cupric acetate as 
described by Weidenhagen & Herrmann (1935) for related compounds. 
The ring nitrogen atom was alkylated by treatment first with sodium in 
ethanol and then with an alkyl halide in an autoclave at 100". Since 
the formation of two isomeric products (the 4- and 5-arylimidazoles) is 
possible in this reaction, it was necessary to identify the isomer formed. 
When a phenacylamine is reacted with an alkyl isothiocyanate two 
products are formed, a 2-alkylamino-5-arylthiazole and a 1 -alkyl-5-aryl- 
imidazole-2-thiol : 

R 

The thiazole, being less soluble in alkali, can be separated from the 
imidazole-2-thio1, which is then oxidised to the imidazole. When this 
sequence of reactions was carried out using 3,4-dichlorophenacylamine 
and methyl isothiocyanate, the dichlorophenylmethylimidazole eventually 
isolated was not identical with the isomer obtained by the methylation 
of 4(5)-(3,4-dichlorophenyl)imidazole. Direct alkylation of a 4(5)-aryl- 
imidazole therefore yields a 4-arylimidazole. A few 4(5)-arylimidazoles 
in which the imide nitrogen atom carries a 2-(pyrid-2-or-4-yl)ethyl group 
were prepared by reacting the imidazole with 2- or 4-vinylpyridine 
respectively. Although there is no direct proof of structure, it is assumed 
that the products of this reaction are also 4-arylimidazoles. A few nitro- 
phenyl compounds were obtained as by-products of the nitration of the 
imidazoles and their preparation will be described in a later paper. 

Experimental 
4-(3,4-Dichlorophenyl)-l-methylimiduzole. 4(5)-(3,4-Dichlorophenyl)- 

imidazole (21.4 g) (prepared from 3,4-dichlorophenacyl chloride and 
formamide) in ethanol (50 ml) was treated with a solution of sodium 
(2.3 g) in ethanol (50 ml), followed by methyl iodide (14.2 g). The mixture 
was heated in an autoclave at 100" for 16 hr, then cooled and filtered. 
The filtrate was diluted with water and extracted with chloroform. After 
the extracts had been washed and dried (Na,SOJ, the solvent was removed. 
The remaining oil distilled at 170-180" at 0.02 mm, and gave the imiduzole 
(1.8 g) as crystals, m.p. 84-85' (from ether and light petroleum). 
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5-(3,4-Dichlorophenyl)-l-methylimidazole. To a stirred solution of 
sodium (7.7 g) in ice-cold ethanol (200 ml) was added 3,4-dichloroaceto- 
phenone (63 g), followed by the slow addition of butyl nitrite (34 g) in 
ethanol (50 ml) and ether (50 ml). The mixture was kept in a refrigerator 
overnight and the sodium salt was collected on a filter, washed with 
ether and dissolved in water (4 litres). The aqueous solution was filtered 
and acidified with 33% acetic acid (220 ml), whereupon 3,4-dichloro- 
a-isonitroso-acetophenone (1 5 g), m.p. 145", was precipitated. A solution 
of this (8.8 g) in ethanol (250 ml) containing concentrated hydrochloric 
acid (4 ml) was shaken with 10% platinum on charcoal (0-9 g) in an 
atmosphere of hydrogen until the uptake of hydrogen ceased. Removal 
of the catalyst and solvent gave 3,4-dichlorophenacylamine hydrochloride 
(6.4 g), m.p. 210-220". This hydrochloride (3.6 g), methyl isothiocyanate 
(1-1 g) and dry pyridine (30 ml) were heated under reflux for 2 hr, then 
poured into water and left to stand overnight. The solid was collected 
and stirred with hot 10% sodium hydroxide solution; the solution was 
filtered, and the atrate  was cooled and acidified to produce 5-(3,4- 
dichlorophenyl)-l-methyl-imidazole-2-thiol, m.p. 185-188" (decomp.). 
This was dissolved in ethanol and refluxed for 3 hr with an excess of 
Raney nickel. Removal of the catalyst and distillation of the solvent 
left an oil, b.p. 160" at 0.5 mm which solidified to give 5-(3,4-dichloro- 
pheny1)-1-methylimidazole (0-6 g), m.p. 80-82". An admixture of this 
with 4-(3,4-dichlorophenyl)-l-methylimidazole described above melted 
at 50". 
4(5)-(2,4,5-Trichlorophenyl)imidazole. (a) 4(5)-(2-Amino-4,5-dichloro- 

pheny1)imidazole dihydrochloride ( 1 a7 g) was diazotised and converted 
via a Sandmeyer reaction with cuprous chloride to 4(5)-(2,4,5-trichloro- 
pheny1)imiduzole (0.7 g), m.p. 228-229" (from aqueous methanol). 

(b) 1,2,4-Trichlorobenzene (19 g), acetyl chloride (15.6 g) and alu- 
minium chloride (25.4 g) were reacted together, first in refluxing carbon 
disulphide and then, after removal of the solvent, at 130" for 2 hr. 
2,4,5-Trichloroacetophenone (4.2 g), b.p. 136-146" at 15 mm, was obtained 
and was reacted with bromine (3 g) in chloroform to form the phenacyl 
bromide. The chloroform was distilled off and the residue was heated 
under reflux for 2 hr with formamide (45 ml). After acidifying, filtering 
and basifying with ammonia, crystals of 4(5)-(2,4,5-trichlorophenyl)- 
imidazole (1.5 g), m.p. 226-227", were obtained. 
4(5)-(4,5-Dichloro-2-cyanophenyl)imidazole. 4(5)-(2-Amino-4,5-dichloro- 

pheny1)imidazole dihydrochloride (7.7 g) dissolved in N hydrochloric acid 
(60 ml) was diazotised and treated with cuprous cyanide (3.8 g) and sodium 
cyanide (7 g). The nitrile (1.2 g) formed colourless leaflets, m.p. 245-246" 
(from aqueous ethanol). 
1-(3,4-Dichlorophenyl)imidazole-2-thiol. 2,2-Diethoxyethyl isothiocya- 

nate (Easson & Pyman, 1932) (6.6 g) and 3,4-dichloroaniline (6.2 g) were 
heated together on a steam-bath for 1 hr. The product was then heated 
under reflux with 5N sulphuric acid (140 ml) for 2 hr, cooled and filtered. 
The solid was recrystallised from ethanol to obtain the thiol (6.1 g), 
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m.p. 247-249"; found C, 45.0; H, 2.7; C1, 28.1; N, 11.4; S, 12.8. 
CSH,C12N2S requires C, 44.1; H, 2.5; C1, 28.9; N, 11.4; S, 13.0%. 

1-(3,4-Dichlorophenyl)imidazole. 1-(3,4-Dichlorophenyl)imidazole-2- 
thiol(5-1 g) was added in portions to hot 10% nitric acid (100 ml). When 
all the reaction had ceased the liquid was filtered, cooled and basified 
with ammonia. The precipitate gave crystals of the imidazole (3.6 g), 
m.p. 83-84', from aqueous ethanol. Found C, 49.3; H, 3.0; C1, 31.9; 
N, 12.6. C,H,C12N,.+H,0 requires C, 48.6; H, 3.1; C1, 31.9; N, 12.6%. 

Biological methods 
In vitro ASSAY OF FUNGISTATIC ACTIVITY 

The following pathogenic fungi and yeast were obtained from the 
National Collection of Type Cultures, Colindale, London, and were 
used as test organisms : Trichophyton rubrum (T 88), T. mentagrophytes 
(T 99 ,  T. interdigitale (T 72), T. verrucosum (T 97), Candida albicans 
(T 71), Epidermophyton jloccosum (T 99), Aspergillus fumigatus (T 98), 
Microsporum canis (T90) and M ,  audouini (T 100). The two culture 
media used were : 

(a) for growth inhibition, Sabouraud's broth composed of 0.5% wjv 
pancreatic digest of casein, 0.5% w/v peptic digest of fresh meat and 
2% w/v glucose in water at pH 5.7; this was sterilised for 15 min at 
15 lb/in2. 

(b) to provide a potential biological antagonist of the growth inhibition 
provided by the test compound, a supplement of 10% v/v of heat-in- 
activated horse serum (0x0) was added to the medium described in (a) and 
was provided in 9 ml and 5 ml quantities in 1 oz bottles. 
A concentrated stock solution of the test compound at 1% w/v was 

prepared in either liquid macrogol (Carbowax 300) or glycerol formal. 
Neither of these solvents alone at 2% (drug concentrations equivalent 
to 200 pg/ml) exerted inhibitory activity but the neat solvents served as 
sterilising agents. 

The fungistatic activity of the compounds was determined by a pro- 
cedure similar to that of Collier, Potter & Taylor (1955), involving two- 
fold serial dilutions, with test compound concentrations over the ranges 
of 1 5 M - 5 ,  100-3 and 10-0.3 pg/ml. 

Inocula. (a) In tests against C. albicans, a heavily grown one-day-old 
culture of the yeast in Sabouraud's broth was diluted one hundred-fold 
and 0.1 ml of this suspension was introduced into bottles containing 
5 ml of medicated broth as well as a bottle containing drug-free broth 
as growth control. 

(b) In tests for fungistatic activity, 0.2 ml suspensions of mycelium 
and spores were taken from 7-21-days-old broth cultures of the filamentous 
moulds and added to 10 ml Sabouraud's broth in a screw-capped bottle, 
shaken well and then allowed to stand at room temperature for 10 min 
to allow any large fragments to settle. The slightly opalescent super- 
natants were diluted ten-fold and then 0.1 ml of the respective inoculum 
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was used to inoculate 5 ml volumes of the serially diluted test compound 
in Sabouraud's broth. 

After inoculation, the bottles were incubated at 28" for 7 days and 
the degree of inhibition was read by eye, recording after 3 and 7 days 
the maximum dilution of the drug to give partial growth as compared 
with the growth control. In addition, the dilution required to give com- 
plete visual inhibition of the fungi, that is, the minimum inhibitory 
concentration in pgIml was observed. 

TABLE 2. AXTIFUNGAL ACTIVITY OF IMIDAZOLE DERIVATIVES 

I Minimum inhibitory concentration after 7 days 

Microsporum I Aspergillus 

15 (45) 20 (40) 

I 
12 (25) I 1 8 2 5 )  
20 

- 
- 25 

100 

60 (100) 50 (75) 

50 

12 (25)  - 
- 

Candida 

25 (50) 

25 (50) 
50 

50 
50 

100 

50 

- 
0.5 (1) 
2 (5)  

50 (200) 

The figures in parentheses were determined in the presence of serum. 

Results 
Of the compounds described in this paper, those listed in Table 2 

exhibited activity at a concentration of 25 pg/ml or less against at least 
one of the species mentioned the previous section. The minimum 
inhibitory concentrations given were determined in medium without 
serum supplement, except for the values shown in brackets which were 
determined in the presence of 10% inactivated horse serum. 

Discussion 

The in vitro tests show a distinct relationship between the structure 
and the antifungal activity of the imidazoles studied. The presence of 
only one halogen atom in the benzene ring (as in compounds 2 and 3) 
does not confer fungicidal activity and neither does a pair of chlorine 
atoms in positions 2 and 4 or 2 and 5 (compounds 15 and 16), but the 
3,4-dichlorophenyl derivative does show moderate activity. It is of 
interest to mention that a clinically used antifungal drug, Dybenal, is 
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2,4-dichlorobenzyl alcohol (Taylor & D’Arcy, 1961). Alkylation of the 
ring nitrogen atom had no effect on potency if the alkyl group contained 
up to three carbon atoms, although the ally1 compound (22) showed a 
marginal improvement. Longer alkyl chains, however, increased the 
potency until a maximum was reached at the n-hexyl derivative, after 
which activity rapidly diminished. A similar variation of activity with 
length of alkyl chain has been demonstrated for a number of 2-alkoxy- 
benzamides (Coates, Drain, Macrae & Tattersall, 1959). It cannot be 
stated that branching of the alkyl chain has a uniform effect on anti- 
fungal activity (compare compounds 20, 21 and 23, 24, 25), neither has 
increasing the number of halogen atoms in the aryl ring as it depends 
on their positions. the 2,3,4- orientation (compound 44) giving a higher 
activity than the 2,4,5- arrangement (compound 45). Difficulties in 
synthesis prevented further exploration of these trichlorophenyl 
compounds. 

The presence in the aryl ring of a nitro, amino, carboxy or methyl 
group in addition to the halogens had no appreciable effect on potency, 
but a nitrile group (compound 42) appeared to double the activity. A 
nitrile group without the halogen atoms (compound 6)  however, had 
no merit. In the only active compound (7) not containing a halogen atom 
or nitrile group, the aryl substituent consisted of a p-phenyl substituent. 

Although the potency of a few of the compounds was high, especially 
against T. interdigitale, the activity was adversely affected by the presence 
of serum. 
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