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Antifungal activity on Aspergillus niger, Penicillium cyclopium, and Rhizopus
oryzae, as well as on additional saprophytic and parasitic fungi, was determined in
57 substituted derivatives of phenylisothiocyanate. Most of the investigated com-
pounds displayed rather equal activity against the three mentioned fungi, in con-
tradistinction to the analogues of natural benzyl- and f-phenylethylisothiocyanate
with their characteristic low activity against R. oryzae. Differences occurred in the
type of activity of compounds in which the -NCS group is directly bound on the
aromatic moiety, as compared with those compounds in which this group is bound
to the aliphatic radical or to the aromatic moiety indirectly by means of the methyl
group or by a longer aliphatic chain. The results obtained confirm the negative
influence of ionized substituents on the aromatic moiety, i.e., of-COOH, -GCH2-
COOH, and -SO3H groups, as well as of substituents which cause an extreme in-
crease in reactivity of the -NCS group resulting in a high instability of the entire
isothiocyanate molecule.

The preceding paper (7) dealt with the anti-
fungal activity of a number of natural isothio-
cyanates and their analogues. The most active
of them were the benzyl- and ,B-phenylethyliso-
thiocyanates and their synthetic analogues, the
latter being sometimes more active than all
investigated natural compounds.
The present paper presents data on the anti-

fungal activity of 57 mononuclear aromatic
isothiocyanates, i.e., substituted phenylisothio-
cyanates. It must be stressed that phenyliso-
thiocyanate itself is different chemically from
the natural compounds mentioned in the previ-
ous paper (7). This is due primarily to the way in
which the -NCS group is bound to the radical,
since naturally occurring compounds in which
the -NCS group is directly bound to the aro-
matic radical have not been detected. In eluci-
dating the mode of biological activity of various
isothiocyanates (Drobnica et al., unpublished
data), it is important to stress differences between
(i) natural isothiocyanates and their analogues
and (ii) mono- and polynuclear aromatic iso-
thiocyanates. These differences will be the sub-
ject of further communications.

MATERIALS AND METHODS
Compounds. All isothiocyanates studied are listed

in Tables 1 to 4. They were all synthetized in our
laboratories with the use of procedures described
previously (2, 3, 8). The compounds designated as
XXIII, XXV, XXXIV-XXXVIII, XL, XLI, XLV-
XLVIII, LIII, and LV-LVII were originally syn-
thesized in our laboratories (1, 8-12). Usually, freshly
prepared ethyl alcohol solutions were used for testing
the antifungal activity. With compounds XXVI to
XXVIII and XXXIX to XLI, higher concentrations
in media were obtained by adding homogeneous
suspensions in ethyl alcohol or diethyleneglycol. The
final concentration of the solvent in medium never
exceeded 1%.

Determination of antifungal activity. Antifungal
activity was determined as described previously (7),
except Aspergillus fumigatus was replaced by a Peni-
cillium chrysogenum strain 10/12 from the Type
Culture Collection of the Department of Microbiology
and Biochemistry, Slovak Polytechnical University,
Bratislava. For strains of A. iniger, P. cyclopium, and
Rhizopus oryzae, each compound was tested in three
parallel series; usually, six to eight various concentra-
tions were employed and incubation was at 28 C. At
6 days after inoculation, or 4 days with A. niger, the
dry weight of the grown fungal mass was determined.
Dry-weight values were plotted against logarithms of
corresponding molar concentrations of compounds
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TABLE 1. Activity ofphenzylisothiocyanates substituted with halogen or the methyl group on the growth of
Aspergillus niger, Penicillium cyclopium, anid Rhizopus oryzae

No.

I

II

III

IV

V

VI

VII

VIII
Ix

/N - NCS

RR=

H-

4-Cl-

3-Cl-

4-Br-

3-Br-

4-I-

3-1-

4-CH3-
3-CH3-

Mol wt

135.178

169.627

169.627

214.086

214.086

261.090

261.090

149.204
149.204

17 X 10-6
11 X 10-5
98 X 107
28 X 1(-6
38 X 10-6
73 X 10-6
79 X 107
25 X 10-6
63 X 107
28 X 1(-6
50 X 10-7
20 X 10-6
18 X 10-6
28 X 10-6

28 X 10-6
11 X 10-5

18 X 10-6
20 X 10-s B
77 X 10-7
63 X 10-6 D

ED50 and EDloo values (moles per liter) and activity after 14 days
of incubation'

R. oryzae

52 X 10-6
32 X 10-s C
11 X 10-6
32 X 10-6 E
29 X 10-6
73 X 10-6 D
20 X 10-6
63 X 10-6 D
11 X 10-6
32 X 10-6 E
11 X 10-6
32 X 10-6 E
56 X 10-6
11 X 1IO- D

D
59 X 10-6
36 X 10- C

B

D

D

D

D

E

E
D

C

25 X
63 X
14 X
63 X
17 X
78 X

10-6
10-6 D
10-6
10-6 D
10-6
10-6 C

63 X 10-6
32 X 10-s

D

C

p..b

1.0

3.9

1.5

4.4

3.9

5.5

3.9

1.0

a For each compound, a corresponding ED5o value is given followed below by the EDMoo value. The
ED5o and EDloo values for A. niger were assessed after 4 days, and in an additional two fungi after 6 days,
of incubation. Block letters designate the lowest of the tested compound concentrations still capable of
suppressing fungal growth entirely after 14 days (in moles per liter, X 10-5): A, 300; B, 150; C, 75; D,
37.5; E, 7.5; F, 3.75; G, 0.75.

b Relative effectivity compared with phenylisothiocyanate (A. niger; EDioo).

in the culture medium, and a graphic procedure was

used to calculate ED50 and ED,oo values. The third
series was observed at 14 days, and those concentra-
tions of isothiocyanates still able to suppress growth
completely were noted. With other strains of fungi,
the activity of a given compound was simply expressed
as the lowest concentration of compound capable of
complete inhibition of growth after a given time inter-
val (Table 5). Details are presented in the preceding
paper (7).

RESULTS ANs DIscussION

Most of the compounds tested were 3- and 4-
substituted phenylisothiocyanates. Table 1 pre-
sents the data obtained with monosubstituted
halogen or methyl derivatives. The most active
were 4-halogen substituted compounds, including
4-iodophenyl- and 4-bromophenylisothiocyanate.
Table 2 presents results obtained with 32 deriva-
tives of phenylisothiocyanate monosubstituted
with hydroxyl, carboxyl, alkoxyl, carbalkoxyl
or other related substituents. It is of interest to
stress the relatively low activity of carboxyphenyl-
isothiocyanates and isothiocyanate derivatives
of phenylacetic acid, i.e., of compounds in which
the substituent will occur in the ionized form in
medium with a pH over 6.5 and pK, below 5
(9). These ionized forms are much more soluble

than the corresponding nonionized ones, when
the latter, in fact, are the effective forms. It is
just this fact which may explain the low anti-
fungal activity of isothiocyanates with a carboxyl
group. Esterification of these substituents resulted
in a considerable increase of activity, e.g.,

4-carbmethoxy- and 4-carbethoxyphenyliso-
thiocyanates and analogue 3-substituted deriva-
tives (XXIX to XXXII). Prolongation of the
aliphatic chain in carbalkoxyphenylisothiocy-
anates (XXXIII to XXXVIII) is accompanied
by a decrease in antifungal activity. The same

phenomenon applies also for the group of al-
koxyphenylisothiocyanates in which again the
methoxy- and ethoxyphenylisothiocyanates dis-
play the highest activity.

Nitrogen- and sulfur-containing derivatives
are shown in Table 3. In addition to the 4-iso-
thiocyanatophenylmethylsulfide, both dimethyl-
aminophenylisothiocyanates are very active be-
cause their dimethylaminogroup may convert into
the ionized state, which, however, does not
occur in culture media (9). The reverse is true
for 4-isothiocyanatobenzenesulfonic acid (Na
salt), which consequently also shows a low
activity. The low activity of nitrophenylisothi-
ocyanates (XLII, XLIII) may be explained by

A. niger P. cyclopiumn
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TABLE 6. Relative effectivity of several natural
isothiocyanates anid their synthetic analogues
and of phenylisothiocyaniates (EDloo; Aspergillus
niger)

Relative effectivity
compared with

Compound
Allyliso- Phenvliso-

thiocyanate thiocyanate

Natural isothiocyanates and
their analogues

Allyl-..................... 1.0 0.17
Benzyl-.... 3.7 0.61,B-Phenylethyl-.............. 32 5.2
4-Iodobenzyl-..... .. .. .. .. 130 22
3-(4-Methylphenyl)-ethyl-.. 66 11

Phenylisothiocyanates
Phenyl-..... 6.0 1.0
4-Lodophenyl-.............. 33 5.5
4-Ethoxyphenyl-............ 37 6.1
4-Phenylmethylsulfide- ...... 35 5.8
4-Dimethylaminophenyl-... 25 4.6
r~~~~~~~~~~~

extremely high reactivity and the resulting in-
stability of these compounds (4, 5). The nitrogen
mustard analogue (XLVI), though being chem-
ically an exclusive isothiocyanate, belongs to
the group of practically ineffective derivatives.
A relatively low activity was also detected in
the group of disubstituted phenylisothiocyanates
(Table 4).
Table 5 presents a survey on the activity of

several aforementioned isothiocyanates on an
additional 13 fungi representing saprophytes,
phytopathogenic fungi, and dermatophytes.
Table 6 compares the activity of some natural
isothiocyanates and their analogues with the
activity of phenylisothiocyanate on A. niger.
The relative effectivity (RE) of several isothi-
ocyanates, compared with the effect of allyl-
or phenylisothiocyanate, leads to the conclu-
sion that even the most active substituted phenyl-
isothiocyanates do not achieve the activity of
natural benzyl- and f3-phenylethylisothiocyanate
analogues, i.e., of 4-iodobenzyl- and ,3-(4-methyl-
phenyl)-ethylisothiocyanate. This conclusion will
be reached, of course, only by evaluating the
ED1oo values for A. niger on the 4th day of culti-
vation. Much higher compound concentrations
are necessary for long-term growth inhibition
of fungi, particularly with natural isothiocyanates
and their mentioned analogues. Thus, total
growth inhibition after 14 days of incubation
will be achieved in the presence of more than
15 X 10-4 moles of allylisothiocyanate per liter,
whereas 6 X 10-4 moles per liter will be sufficient
in this respect after 4 days of incubation. This

difference cannot be explained only by the typical
volatility of allylisothiocyanate, since a similar
phenomenon was observed also in other chem-
ically related derivatives of low volatility. Benzyl-
and 3-phenylethylisothiocyanates also show a
low activity against R. oryzae (7), whereas no
significant difference in activity on R. oryzae,
A. niger, and P. cyclopium is registered with
substituted phenylisothiocyanates. For these
reasons, several phenylisothiocyanate derivatives,
as well as the most active natural isothiocyanate
analogues, represent remarkable antifungal com-
pounds. There are, however, some differences in
the mode of antifungal action (6, 13).
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