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ABSTRACT. Some crown ethers were found to show significant antifungal ac-
tivity against some wood-decay fungi, phytopathogenic fungi and eumycetes
» Trichophytons for dermatomycosis. Their toxicity was evaluated by the
paper disc method as well as by determining the values of ED 0’ i.e., the
concentration which inhibits the mycelium growth by 50 %. Tge fungi ex-
amined are Tyromyces palustris, Picnoporous coccineus, Coriolous versi-
color, Pyricularia filamentosa, Fusavium sp., Trichophyton rubrum, Tri-
chophyton sp., etc, Among the 26 crown ethers tested, 3,5-di-t-butyl-
benzo-~15-~crown-5 showed relatively high activity, the highest ED_., value
of which being 8 jAM or 3 ppm. Other alkylbenzocrown ethers, dicyclohexyl
crown ethers and Kryptofix 22DD also showed considerable activity. On
the other hand, unsubstituted crown ethers, benzocrown ethers with a po-
laxr substituent, Kryptofix 222B and Kryptofix 221 were inactive.

Introduction

Macrocyclic polyethers, commonly called crown ethers, resemble natural
ionophores like valinomycin, the nactins etc., in a macrocyclic structure
with a hydrophobic outersphere and a hydrophilic cavity capable of form-—
ing complexes with cations with high selectivity. (1). Although innumera-
ble papers have been published concerning their chemical properties, not
much work has been done regarding their biological properties. Oral tox-
-icity in dogs and in mice was reported by Takayama et al, (2) and by Hen-
drixson et al. (3), respectively. Wung-Wai Tso et al. studied the toxi-
city of some crown ethers against Escherichia coli. (4,5,6), Kato et al.
found that long chain alkylcrown ethers like decyl-18-crown-6 showed
strong antimicrobial activity against some Gram~positive bacteria, mold
and yeast. (7,8), More recently, some crown ethers are reported to show
anticoccidal activity against Eimeria tenella in vitro but not in vivo.
(9), An application as feed preservatives has also been claimed in a pa-
tent. (10),

In this paper we describe our finding that some alkylbenzo-
crown ethers show significant antifungal activity against some wood-decay
fungi, phytopathogenic fungi, and Trichophytons for dermatomycosis.

Journal of Inclusion Phenomena 2,179—-184. 0167-7861/84.15.
© 1984 by D. Reidel Publishing Company.



180 K. YAGIET AL.

Preliminary results of this study was reported previously. (11)

Materials and Method

Alkylbenzocrown ethers were prepared according to Pedersen's method
(12) and were characterized by melting point, IR and NMR spectra, e.g.,
8 was prepared by reacting 3,5~di-t-butylcatechol and dichloride of
tetraethylene glycol, mp, 98-100 °C, NMR (CDC1,)& 1,30, 1.40(18H,2s,2-t-
butyl, 3.65-4.40 (16H,m,-CH,CH,0-), 6.80-7.00(ZH,m,arom.) See reference
(11) for the details. Commercial crown ethers were used without further
purification.

All the fungi used in this study are those preserved in our labora-
tory. [Trichophytons were examined on Sabouraud's culture medium and all
the others on the potato-dextrose agar culture medium. For the qualita-
tive test by the paper disc method, a few percent solution of crown ether
in THF or in DMF was used. The ED 0 values were determined as follows:
1 ml of crown ether solution in TH? or in DMF was dispersed in 100 ml of
appropriate culture medium at about 50°C and the solution was poured in-
to four petri dishes. Discs of fungal mycelium growing on the same cul-
ture medium were placed in the center of the plates with different crown
ether concentration. The plates were then incubated at about 25°C for
4-14 days. The fungal growth was determined by measuring the mycelium
length of the control plate devoid of crown ether (lo) and that of the
test plate (1). The inhibitory activity was defined as (lo - 1)/lo x
100 (%Z). The plates were made in quadruplicate in all cases, the repro-
ducibility of the data being generally good. The ED_, values, i.e., the
concentration which inhibits the mycelium growth by 38 %, was obtained
by plotting the Probit of the averaged inhibitory activity and the loga-
rithm of the crown concentration.
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Figure 1. The structures of crown ethers used in this study.
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Results and Discussions

The structures of crown ethers used in this study are shown in Figure 1.
In table 1 are shown the results of the qualitative test by the paper
disc method. Some alkylbenzocrown ethers (type II and III) and dicyclo~-
hexylcrown ethers (type IV) showed certain activity. On the other hand,
unsubstituted crown ethers (type I) and benzocrown ethers with a polar
substituent were inactive. Kryptofix 221 (VI) and Kryptofix 222B, which
are highly selective to sodium and potassium, respectively, proved to be
inactive, whereas Kryptofix 22DD, which has long alkyl chains, showed
some activity.

Table 1. The results of qualitative test against Trichophytons.

No Structurea Activityb No Structure Activityb

Type, n, R, A¢ , ¢ Type, n, R, or R A¢ , B¢
13 I 0 - - |14 II 2 H +- +-
gd I 1 - - 15 II 2 methyl + +
3 I 2 - - 16 II 2 t-butyl ++ ++
4 I1 0 H - + 17 I 2 nitroi - -
5 11 1 H + +- | 18° 11 2 X - -
6 II 1 methyl + +- 19; IIr 1 H - -
7 11 1 t-butyl ++H +++ 20 IITI 1 t-butyl ++ +
8, II 1 t-butyl 3 3 218 111 2 H - -
g-e 11 1 nitro - - 228 v 1 ++ +
lgf II 1  amino - - 23? v 2 + +
£f I1 1 CH3CO - - 24 \4 + ++
12, I1 1 CHJCH({OH) - - 25]h VI - -
3711 1 X - - |26 viI - -

a, R,=t-butyl for 8 and H for all others. b, The zone of inhibition was
largér than 7 mm (+++); from 4 mm to 7 mm (+); less than 4 mm (+); ques-
tionable inhibition (+-); no detectable inhibition (-). ¢, A: Trichophy-
ton sp., B: Trichophyton rubrum. d,g,h, Purchased from Aldrich Chemical
Co., Nippon Soda Co., Kanto Chemical Co., respectively. e,f, For the
synthesis see reference 13 and 14, respectively. i, X: CH2=C(CH3)CONH.
j» The test was not done for this compound. k, See text.

In table 2 is shown the inhibitory activity of some crown ethersa-
gainst three fungi. Some of them obviously suppressed the growth of the
fungal mycelium. In the series of benzo-15-crown-5 derivatives (5, 6, 7)
and benzo-18-crown-6 derivatives (l4, 15, 16), a tendency is observed -
that the inhibitory activity increases with the increase of alkyl group,
i.e., t-butyl) methyl> H. 20 showed relatively high activity. Dicyclo-
hexyl-18-crown-6 (22) showed higher activity than dicyclohexyl-24-crown-
8 (23) and dibenzo-24~crown-8 (21). Although there is observed some se-
lectivity in their inhibitory activity, relatively high activities were
observed for benzocrown ethers with t-butyl group (7, 16, 20) and dicy-
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Table 2. Inhibitory activity of crown ethers against some fungi.
Crown Inhibitory activity (Z)a

. b Trichophyton Picnoporous Pellicularia
ther . .

rubrum coccineus filamentosa

5 (B15C5) 7 1 -

6 (MB15C5) 14 6 2

7 (tBuBl5C5) 64 54 78
14 (B18C6) 4 17 34
15 (MB18C6) 18 28 53
16 (tBuB18CH) 38 65 61
20 (see text) 61 84 66
21 (DB24C8) 14 24 35
22 (DCH18C6) 57 56 89
23 (DCH24C8) 10 22 28
24 (KPF22DD) 63 80 47

a, See text for the definition. The concentration of crown ether

was 144 yM in all cases. b, See table 1 for the

structure.

Table 3. Toxicity of crown ethers against some wood-decay
fungi.
Crown ED50 (uM) for
Coriolous Pienoporous Tyromyces
Ether . . .
versicolor  coccineus palustris
7 (tBuB15C5) 105 140 78
8 (BtBuB15C3) 30 17 20
16 (tBuB18C6) 110 84 76
22 (DCH18C6) 53 120 58
24 (KPF22DD) 42 26 140
Table 4. Toxicity of crown ether against some phytopathogenic
fungi.
Crown EDSO (u) for
Fusarium Pellicularia Pyricularia
Ether ;
sp. filamentosa oryzae
7 (tBuB15C5) 31 51 -
8 (DtBuBl5C5) 8.4 23 39
16 (tBuB18C6) 106 120 -
22 (DCH18C6) - 38 -

clohexyl-~18-crown-6 (22) and Kryptofix 22DD (24).
To evaluate the toxicity quantitatively, the ED
mined by the method described in the preceding sectidmn.

values were deter-
The results for
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some wood-decay fungi and phytopathogenic fungi are shown in table 3 and
4, respectively. As shown in these tables, di-t-butylbenzo~15-crown-5
(8) showed notable antifungal activity, the highest ED5 values of which
being 8.4 MM or 3.2 ppm. t-Butylbenzo-15-crown-5 (7), gicyclohexyl—IS—
crown—6 (22) and Kryptofix 22DD (24) also showed considerable activity
in some cases, though their activities were less than 8. 20 is a product
obtained by reacting 4-t-butylcatechol and bischloroethyl ether and is
supposedly di-t-butyldibenzo-18~crown-6. It showed ED5 values compa-
rable to those of 8 against wood-decay fungi and phytopaghogenic fungi
shown in table 3 and 4, however, since its melting point is much lower
than that reported in the literature (12), the data are not included in
these tables. Details will be published eleswhere when its structure is
well confirmed.

ED_ . values of 7 and 8 against Trichophyton sp. were 67 MM and 16

MM, respectively. Ziélso showed activity against Trichophyton rubrum,
and Trichophyton mentagrophytes, the ED_. values of which being 73 MM

for the former one, however, for the lagger one, we could not determine
accurately the ED__ since the fungal mycelium sometimes did not grow uni-
formly but formed™an irregular shape, in addition, the mycelium growth
was very late,

Although the toxicity of crown ether itself and the antifungal ac-
tivity in vivo have to be examined carefully before thinking about their
application, it is interesting to note that such crown ethers, which show
interesting chemical properties, also show biological activity. The me-
chanism of their activity is not known at all, however, one may possibly
imagine that they act like natural ionophores. Since the results obtain-
ed here indicate that the antifungal activity increases with the increase
in the lipophilic property, we are trying the synthesis of more lipophi-
lic crown ethers. We are also interested in elucidating the relation be-~
tween the antifungal activity and the binding properties as well as the
lipophilic properties of the crown ethers.
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