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Summary

Both natural occurring and synthetic isothiocyanates (ITCs) are
widespread compounds of biological activity. Some alkyl ITCs with a
hydroxy substituent exist in the natural products and it is known that
the hydroxy group plays an important role in antimicrobial activity.
However such kind of hydroxy ITCs are difficult to prepare by
applying the usual methods using thiophosgene or chloroethylformate.
We prepared hydroxy ITCs in high yields by treating aqueous
hydrogen peroxide with a mixture of the corresponding hydroxy
primary amine, carbon disulfide, and a catalytic amount of
triethylamine, in a water-miscible organic solvent at 0~10 °C.

The hydroxy ITCs synthesized by using the above method were
strongly antimicrobial; for example, 2-(4-hydroxyphenyl)ethyl ITC
inhibited the growth of all bacteria and fungus strains examined at
concentrations of 7.8 to 15.6 pg/ml. All of hydroxyl ITC compounds
had antimicrobial effects by blocking sulfhydryl groups while
‘ 2-(4-hydroxyphenyl)ethyl ITC showed antibacterial synergism,
specifically with aminoglycoside antibiotics. The synergism was
seen in the presence of certain sugars such as glucose, fructose, and
maltose. On the course of those experiments, a peculiar suppression
of antibiotics (Aantagonistic effect) at a low concentration of
2-(4-hydroxyphenyl)ethyl ITC was observed, besides the
antibacterial synergism.



In the examination of the effect of hydroxy ITCs on bacterial
virus and M13 DNA, 2-(3,4-dihydroxyphenyl)ethyl ITC synthesized
from dopamine, showed antiviral activity on ¢K. Since
2-(3,4-dihydroxyphenyl)ethyl ITC suppressed annealing
(reassociation) of denatured DNA, it is supposed to react mildly with

virus and the single-stranded DNA.
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Aspergillus niger. Aspergillus fumigatus. Staphylococcus aureus.
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Minimum Inhibitory, Minimum Bactericidal and Minimum Fungicidal Concentrations of
Hydroxy Isothiocyanates.

Isothiocyanate MIC (ug/ml) MFC or MBC (ug/ml)
A. niger A. fumigatus S. aureus  A. niger A. fumigatus S. aureus

4-Hydroxybutyl 31.3 15.6 125 62.5 31.3 125
(Butyl )* (NAY  (NA) (NA) (NA) (NA) (NA)
5-Hydroxypentyl 31.3 15.6 125 62.5 15.6 125
(Pentyl) (NA) (NA) (NA) (NA) (NA) (NA)
6-Hydroxyhexyl 313 15.6 62.5 125 15.6 125
(Hexyl) NA)  (NA)  (NA)  (NA)  (NA) (NA)
2-(4-Hydroxyphenyl)ethyl 15.6 7.8 15.6 15.6 7.8 62.5
2-(3,4-Dihydroxyphenyl)ethyl ~ 125 125 31.8 250 125 62.5
(2-Phenylethyl) (31.3) (7.8) (15.6) (62.5) (62.5) (250)

# The compound in parentheses is the counterpart deficient in a hydroxy group.
® NA: no activity at 250 ug/ml.
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Effect of Combination of 2-(4-Hydroxyphenyl)ethyl
ITC and Streptomycin on Growth of E. coli.

[e.2]
o

Indicated dose of 2-(4-Hydroxyphenyl)ethyl ITC was added to
a suspension of E. coli IFO 3972 in M9 minimal medium , 20

B
o

min before administration of streptomycin, and -culture

Relative Growth (%)
N
o

turbidity (ODgso) was measured after 24 h of incubation.
Streptomycin concentration: O 0, @ 1, B 2, A3 pg/ml

20 g
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Effect of Isothiocyanates on Infectivity of Bacterial Virus oK

Isothiocyanate * PFU/ml ° Relative infectivity
Unadded control © 6.1 x 10°

Hydroxy ITCs

2-(4-Hydroxyphenyl)ethyl ITC ¢ 4.5 % 10° 7.5 % 107
2-(3,4-Dihydroxyphenyl)ethyl ITC ® 5 8.2 x 10
4-Hydroxyphenyl ITC 9.6 x 10° - 1.6x 107
trans-4-Hydroxycyclohexyl ITC 4.0 x 10° 6.6 x 10"
6-Hydroxyhexyl ITC 2.8 x 10° 4.6 x 10™
Other ITCs

2-Phenylethyl ITC - 3.0 x 10° 4.9 x 10™
Phenyl ITC 25%x10° 4.1% 10
6-Hexyl ITC 2.1x10° 3.4 %107
Allyl ITC 2.9 x 10° 4.8% 107!

* ITC concentration in ¢ K suspension was 4.46 pmol/ml.
® ¢ K was treated with ITC for 24 h at 37°C.

¢ Instead of ITC solution, only DMSO was added to ¢ K suspension.
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Minimum Inhibitory and Minimum Bactericidal (Fungicidal) Gas-Concentrations,
of volatile Isothiocyanates on E..coli and A. niger in vapor phase,.

Compounds -~ E..coli A. niger

MICgas MBCgas MICgas MFCgas
Isotiocyanate (nmo)/ml) (nmol/ml) (nmol/ml) (nmol/ml)
Methoxyphenyl 0.12 0.12 0.0030 0.0030
Methoxyethyl 0.24 0.24 0.044 0.044
Ethoxyethyl 0.22 0.22 0.043 0.043
Propioxyethyl 0.21 0.21 0.018 0.018
Methoxylpropyl 0.31 0.31 0.072 0.072
Ethoxypropyl 0.51 0.51 0.014 0.014
Methoxy-isopropyl 1.11 1.11 0.10 0.230
isoPropioxyethyl 0.70 0.70 0.053 0.053
Allyl 0.43 0.77 0.22 0.22
Methyl 0.76 1.26 0.10 0.10
Butyl 1.05 1.05 0.20 0.45
Hexyl 2.74 2.77 0.016 0.12
Phenyl 0.77 1.06 0.015 0.033
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