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Antibacterial Effect of Some
Amines in the Vapour State
BIRGITTA NORKRANS

Marine Botanical Institute, University of
Gothenburg, Sweden

Cyclopentadrin (1-cyclopentyl-2-methyl-
amino-propane), a strongly basic water-
insoluble amine, utilized in inhalers to
produce local decongestion of the mucosa,
was found to exert also a marked anti-
bacterial effect in its vapour state.! It was
suggested that the antibacterial action was
due to its strongly basic properties and its
lipophilic nature, facilitating entry into the
bacterial membrane. Although it has been
suggested that volatile alkylamines gener-
ated as decomposition products of dithio-
carbamates might be involved in their
fungicidal action (see Horsfall 2), the anti-
microbial action of amines in the gaseous
phase does not seem to have been further
investigated. In the present paper, data
from tests with thirteen commercially
available aliphatic and alicyclic amines,
all with boiling points above 30° (listed in
Table 2) are given.

Staphylococcus aureus was used as the
test organism. In all the experiments re-
ported here, one strain (No. 8532, from the
National Collection of Type Cultures,
London) designated as No. 3 in the previ-
ous paper,! has been used, although other
strains were also used in comparative tests.

Tests were performed in small 3 ml glass
tubes, containing a cup of aluminium foil
supported by a glass bead at the bottom of
the tube. With this arrangement, a second,
inner aluminium cup containing the bacteria
was kept clear from all contact with the liquid
amine. 0.05 ml of amine was pipetted into the
bottom of the outer tube, and the inner cup
containing the bacteria was introduced at zero
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time. The tubes were tightly closed with rubber
stoppers and the experiments performed in a
water-bath at 25°C. Before introduction of the
bacteria, the system was brought into equilib-
rium at 25°. The bacteria were introduced
with Agla-syringe in a 0.010 ml sample contain-
ing viable organisms in the order of 10° from
a 16 hour-shake broth-culture at 37°, stan-
dardized to give an extinction value of about
0.6. After exposure to the amine atmosphere
for various time intervals, each cup was
dropped into & 10 ml saline solution. The viable
count was obtained by plating 1 ml of three
to four serial dilutions of the saline solution
on to & glucose, yeast and meat extract agar
and counting colonies after incubation at 37°
for 24 h. Each series was run in four to eight
replicates and experiments were repeated two
or three times.

The mean numbers of survivors and death-
rate of Staph. aureus after exposure to each
of the different amines were determined.
None of the amines provoked a logarithmic
order of death, which is a frequently reported
course for antibacterial agents (see Sykes3)
but the variation of death-rate proceeded
mainly in accordance with one of the three
representative patterns given in Table 1.
Diethylamine as well as propyl, isopropyl-,
n-, sec- and tert-butylamine (boilingpoints
35°—178°, see Table 2) provoked an initially fast
death-rate which gradually decreased with
time, whereas triethylamine, like tripropyl-,
dipropyl-, and diisopropylamine (boilingpoints
84°—110°) gave an accelerating phase up to
a maximum followed by a phase of somewhat
lower though almost constant death-rate. The
remaining three amines (boilingpoints 180°—
205°), represented by cyclopentadrin, started
with a long period of very slow death-rate,
followed by a relatively high rate. The different
patterns of death-rate, however, are most
probable due to different concentrations of the
amines in the gas phase, an unavoidable situa-
tion when different amines having differing
boilingpoints are subjected to similar experi-
mental conditions with respect to pressure and
temperature, For the first group of amines the
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Table 2. Relative antibacterial activity of
various amines (Ctg.9) calculated as a theore-
tical value in terms of mmoles of compounds
required to achieve 99.9 9 kill in 1 min at 25°.
C = mmoles amine per litre air at 25° extra-
polated from vapour pressure data in the
literature. 3.y = exposure time (min) required
to bring about 99.9 9, kill, obtained as experi-

mental data.

Amine B.p. °C C t90.9 Otoo,.
Propylhexedrin | 2056  0.029 28 0.8
Cyclopentadrin | 184  0.039 26 1.0
Octyl- 180 0.054 12 0.6
Butyl- 78 592 1.85 11.0
Propyl- 49 16.9 0.76 12.7
Sec-butyl- 63 8.07 213 172
Isopropyl- 35 323 1 32.3
Tert-butyl- 46 18.9 2 37.8
Dipropyl- 110  1.07 4 4.3
Diisopropyl 84 421 2 8.4
Diethyl- 56 13.4 1.1 14.7
Tripropyl- 156  0.27 88 24.0
Triethyl- 90 231 6.5 15.0

concentrations varied in a range from 32.3 to
5.2 mmoles per litre air, in the second and third
from 4.21 to 0.27, and from 0.064 to 0.029
mmoles, respectively (see Table 2). Possibly,
a lag phase even for the first group of amines,
present in high concentrations in the vapour
phase, could have been detected if a shortening
of the test-period could have been experiment-
ally possible.

Under the test conditions used, it is appar-
ently impossible to compare directly the effect
of the different amines on the basis of death-
rate. It would, however, be expedient to ex-
press the relative antibacterial activity of the
various amines in terms of mmoles required to
bring about 99.9 % kill in one minute at 25°
(¢f. Phillips*). A comparison between the
effects of the different amines lends support
to the suggestion that the lipophilic properties
play a decisive role in the activity of these
compounds (see Table 2). Not only the two
alicyclic water-insoluble amines but also
octylamine, the least water-soluble of the three
primary amines in the series of directly-
comparable amines tested, gave a Ctyy.s-value
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of 1 or < 1, 7.e. they were about twenty times
more effective than butyl- and propylamines
and approximately 300 times as effective as the
well-known gaseous disinfectant ethylene
oxide.%® Entirely in accordance with this, the
infinitely soluble sec-butyl-, isopropyl- and
tert-butylamines gave high Clgee-values. In
the same way, the effect of the secondary
amines seems to be correlated to the water-
solubility. Dipropylamine is slightly soluble
in water and was several times more effective
than the readily water-soluble diethylamine.
Regarding the tertiary amines, however, even
factors other than the degree of watersolubility
seem to govern their antibacterial activity, as
tripropylamine, though only very slightly
soluble in water, gave one of the highest
Ctgg.9-values of all series.

Thanks are due to Miss Karin Winberg
for skilful technical assistance.
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Die Umsetzung von Hydroxypyri-
dinen mit Schwefeldichlorid
ALEXANDER SENNING

Chemisches Institut der Universitit Aarhus,
Aarhus, Didnemark

uf Grund der bekannten Reaktionen des

Schwefeldichlorids mit Phenolen * bzw.
mit S#dureamiden ? konnte man bei der
Umsetzung mit Hydroxypyridinen bzw.
Pyridonen verschiedene isomere Produkte
erwarten, die im folgenden fiir das 2-Pyri-
don formuliert sind.

Die Umsetzungen in siedendem Benzol
(mit oder ohne Zusatz von Tridthylamin
als sdurebindendem Mittel) fiihrten zu

folgenden Ergebnissen:
2-Pyridon: 2,2’-Dihydroxy-5,5’-dipyri-
dylsulfid (I).



