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Antifungal activity of some imidazole derivatives

G. P.R%LIS,* C. EPSTEIN, C. FITZMAURICE, L. GOLBERGt AND G. H.
LO

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 Microsporum,
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-

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-2-thiols 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 phenacy! halides were synthesised by a
Friedel-Crafts reaction between the aromatic compound and chloroacetyl
chloride.
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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
/
Ar‘-—C—N\ Ar-C=0 S Ar-C—S
| |
C—SH <«— CH, + |C —_— C—NHR
7 | [ N/
HC—N NH, N-R HC—

The thiazole, being less soluble in alkali, can be separated from the
imidazole-2-thiol, 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-ylethyl 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)-1-methylimidazole. ~ 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,SO,), the solvent was removed.
The remaining oil distilled at 170-180° at 0-02 mm, and gave the imidazole
(1-8 g) as crystals, m.p. 84-85° (from ether and light petroleum).
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5-(3,4-Dichlorophenyl)-1-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 339/ acetic acid (220 ml), whereupon 3,4-dichloro-
a-isonitroso-acetophenone (15 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 filtrate was cooled and acidified to produce 5-(3,4-
dichlorophenyl)-1-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-
phenyl)-1-methylimidazole (0-6 g), m.p. 80-82°. An admixture of this
with 4-(3,4-dichlorophenyl)-1-methylimidazole described above melted
at 50°.

4(5)-(2,4,5-Trichlorophenyl)imidazole. (a) 4(5)-(2-Amino-4,5-dichloro-
phenyl)imidazole dihydrochloride (1-7 g) was diazotised and converted
via a Sandmeyer reaction with cuprous chloride to 4(5)-(2,4,5-trichloro-
phenyl)imidazole (0-7 g), m.p. 228-229° (from aqueous methanol).

(b) 1,2,4-Trichlorobenzene (19 g), acetyl chloride (156 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-
phenyl)imidazole dihydrochloride (77 g) dissolved in N hydrochloric acid
(60 ml) was diazotised and treated with cuprous cyanide (3-8 g) and sodium
cyanide (7 g). The nirrile (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),

402



ANTIFUNGAL ACTIVITY OF SOME IMIDAZOLE DERIVATIVES

*3ULIO[YD JIUO] ¢

0¥l - 143 LSy L€l - r€ S-sv | FO'NFIDUHYD (454 Jreald .
(wur 90-0/022-012) i 10-b'E 1 (4
\24! — $€ L-S¥ 8-€1 — L€ SSF | LONYIDHH*D 90z denlg .
(wur 2o-0/bL1~0LY) ufg IO ¥ £
[R31 — LT 8- 124! - 8T S-€F  [*O'NFIDMHD £07 el .
(ww 0-0/00T-961) (Y14 O-'e 14 [44
Svl - B3 9+ £¥1 - €€ Svr |CO'NFIDHD TsT arenid X
(ww 90-0/012-907) Pd hon a ¥ 17
Syl — 83 9-v¥ Lyl — 6T Svy | CO'NCIDTHTD $07-£0C RS .
. (wur 2.0/0L1) uld O v (114
(341 — 8 vEp Lyl — 6 €€y [*ONIDTHD 0ST-6vT s1e10ld .
(ww £0-0/291-851) ! oga? v 61
€Tl € 1€ S-€ 8.7 1Tl TlE o 549 ENFIDPH D S8—¥8 AW 0-b'E ¥ 81
L — — — Tl — — — | "ON'ID'H"D SYTEVT I4soonjn-a DVE| slop L1
I-€1 £-£€ 8T L-0S 81 J-£€ LT 8-05 INFIDPHED 8ET-LET H ST | ©¢ 91
1-€1 ££€ 8T L0 1-€1 £ €€ 0-€ 905 ANFIDPH®D Pri-£¥l : H0vT | ()b SI
€1 £€€ 8T L0S el TEE 6T 808 *NPIDH®D 181 Obe | (Db +1
— -6l — — — 681 — —  [FO'NFID'HO LTT-STT AYR(A-T !;&-N *ON-d v 13
9Tl 0-91 € 6€S 1-€1 1-91 €€ P€$ *QNIOH"D Y0T-20C H HOD TV | )¢+ 41
— 8b-9C — — — wb-9T — — ENCIDYHO SLT-VLT H FHN-TIOF | ()b 11
81 — — -— 6Ll — — — NID*H"'O ovl H SN-EIDY | () 01
881 6SI LT 8% 981 0-91 8T 1.8t FOSNID HD SHe H FON-E10v | (D) 6
8-81 6-SI LT ¥-8% L-81 6-St 6T £-8F *FO'NID*H*D 107 H 'ON-TIO+ | () 8
LTl — S-S 818 971 — €S €78 NTHD [xaaxasd H yd-d i (v L
8-4C — (24 0-1L ST — X4 L-OL NH'O 691~-891 H NOd | ()% 9
Sl ¥-81 Ly €79 9vl | 181 0-S 619 *NID*H"'D YLI-TLL GHW =, 3 H D-d| ()% [
.| §£6] ‘UUBWLIOH % USSEYUIPIOA — ov1-6£1 H OMN4d | (¥ b
LEGY “IOUSIM 7§ UUBWILISH ‘USBEHUIPIOM — Ly1-9¢1 H Dd| () €
. €561 ‘UYL — Wi-opl H gd | ()t T
1261 ‘vewAid % ueiH — 44 H 'ON-d | (D¢ I
N 0 H 5 N | o | n]| o oy Ds A Y Suw “ON
(d'q 10) ‘d'w 141 Jo | punodwo)
ﬂo.::_uoﬁ punog uonisodq
SIsA[euy

SN = ¥ d10ym ‘¢ ‘oN punodwiod 10§ 3deoxs H = 4

ety

Ny

STAILVANAA 9TOZVAINITAYY

‘T 471dV.L

403



G. P. ELLIS AND OTHERS

*auIO[Y SO ¢

91 — oL 8-9L 091 — 1L 9-9L ENF'H'TO £8-78 H PN | ()b 9%
€11 (1334 0T L€y I-11 (434 0Z LEp INPIDTH?D 0£2-62T H DSV | D+ Sy
€11 O£ 0-C LEy €11 TEp 81 ey ENFID'H®O 961-S61 H IYET | ()P 44
6-01 9-LT €7 LY o1l ¥-LT T ©9% | COINCIDPHYD ¥8T-€8¢C H |H00TrDSY| (¥ 34
9-L] 862 1T r0§ L91 9-6¢ ST 605 NEIDTHMD 9bT-SHT H | NOTIDsv | ¥ w
€21 — $-€ 87§ 4! — ot 92§ NEIDFHYD SIT-vIT H DSy | ()P 1y
¥-81 I-1¢ I-€ €Ly 6L1 At TE 899 *NEIDHD €LI-TLI H_ | SHN-TID-S% | ()4 4
— vS-L] - - — ®TLl - — INIDYHYD EYTObC T1AyIR ([A-g-prikd)-g 135y 14 6
— #€-91 - — — «0-91 - —  |FO'N'IDVHD ¥TT-0TT IARGA-T-PLIAA)T | FON-TID-S'Y v 8¢
rsI 1-9¢ 92 I-v¥ S5l 6:ST 9T vy | "O'NID'HYD or1-6¢1 S | FON-TEID-SY 4 LE
£91 S-LT 61 61y 1-91 L-LT 61 T | CO'NPID'HD 97T H | "ONTTDSY | ()b 9€
— el-81 8-€ 1-6¢ — 26-L] 6€ 8-8p IN'IDUHTD SET JAIR(IA-p-pLikd)-¢ Db 4 Sg
— el 81 8- 1-6b — eloL] ov L8Y ENCIOSTHYTD 61781 TADS(IA-Z-pLaAd)-T e 14 vE
— £7C — — — 1-2Z — — NEOMHO 91 1AUI(4-7-prakd)-g g 14 £€
601 9:LT 6€ €18 L01 9-LT v-€ TIS | O'NFID"H'O £€1-CEl HO®HO-HD YDiE 4 (43
86 — € 90§ 76 — 9¢ €05 | *O’NPIO"H'D 881-L8} H’00-*HO-*HD BbE v 1€
8:S1 — b€ I-¥S 9-61 — S€ 6-€S ENFIDCHSD €11 NO-*HO*HD %0v'E v o€
9 - L8 L-89 $9 — 88 8-L9 ENFIDPH™D (4530 FH'D-u HOb'e v 6T
(| - £ 0-6¢ 0-€I - a4 S-87  |‘O'NID¥HD €91 ajERIL .
(wr $0-9/S0Z-002) THOU joga: 14 8T
£€1 — oy 6Ly €1 — 184 9Ly | *O’NPID"H™D 891 spenld .
(wwr §0-0/961-T61) STHO-U O'E 14 LT
L€l - Lt 8-9% g€l — 6€ 99v |'O'NIDYH™D LL] oreIdld .
(ww €0-0/261-881) THED-u Hov'E 4 9
134! - Ve LsY €41 — v 65h | CO'NFIDUHD LIz aye1olg .
(ww $0-0/512-0127) shd OYE 4 ST
N 1D H o) N 10 H o eawIog o A q Surr "ON
(*d'q 10) "d'w K1 jo | punodwo)
paamboy punog uonisod
SIsAreuy

panunjuod—i I4V.IL

404



ANTIFUNGAL ACTIVITY OF SOME IMIDAZOLE DERIVATIVES

m.p. 247-249°; found C, 45-0; H, 2-7; Cl, 28-1; N, 114; S, 12:8.
C,HCL,N,S requires C, 44-1; H, 2-5; Cl, 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 109 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; CI, 319;
N, 12:6. C HCI,N,.3H,0 requires C, 48:6; H, 3-1; Cl, 319; 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 95), T. interdigitale (T 72), T. verrucosum (T 97), Candida albicans
(T 71), Epidermophyton floccosum (T 99), Aspergillus fumigatus (T 98),
Microsporum canis (T 90) and M. audouini (T 100). The two culture
media used were:

(@) for growth inhibition, Sabouraud’s broth composed of 0-5% w/v
pancreatic digest of casein, 0-59% w/v peptic digest of fresh meat and
2% wi/v glucose in water at pH 5-7; this was sterilised for 15 min at
15 Ib/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 (Oxo) was added to the medium described in (@) and
was provided in 9 ml and 5 ml quantities in 1 oz bottles.

A concentrated stock solution of the test compound at 19} w/v was
prepared in either liquid macrogol (Carbowax 300) or glycerol formal.
Neither of these solvents alone at 29 (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 150-4-5, 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 ug/ml was observed.

TABLE 2. ANTIFUNGAL ACTIVITY OF IMIDAZOLE DERIVATIVES

Minimum inhibitory concentration after 7 days at 28° (u.g/ml)
Compound No. Trichophyton | Microsporum Aspergillus Candida
7 20
14 25
18 25
19 25
20 4(15) 15 (45) 20 (40) 25 (50)
21 25
22 20
23 5(12) 12 (25) 18 (35) 25 (50)
24 5 20 — 50
25 25
26 10 25 — 50
27 75 100 — 50
28 20
29 20
30 25
33 8 (22) 60 (100) 50 (75) 100
41 25
42 12 50 — 50
43 25
44 6 (15) 12 (25) — —
45 25
Hedaquinium chloride 1(3) 1(1) 5(5) 0-5 (1)
Nystatin 2 (5) 2 (5) 5(10) 2 (5
N-Butyl-4-chlorgZ&k.l))'droxybenzamide 25 (100) 25 (100) 25 (150) 50 (200)
adit

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 ug/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 109 inactivated horse serum.

Discussion
CHEMICAL STRUCTURE—BIOLOGICAL ACTIVITY CONSIDERATIONS

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

406



ANTIFUNGAL ACTIVITY OF SOME IMIDAZOLE DERIVATIVES

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 allyl 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 24,5- 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 7. interdigitale, the activity was adversely affected by the presence
of serum.
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