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A systematic survey of the antimicrobial properties of substituted salicylaldehydes and
some related aromatic aldehydes is reported. A total of 23 different compounds, each at four
different concentrations, were studied using a panel of seven microbes (Aspergillus niger,
Bacillus cereus, Candida albicans, Escherichia coli, Pseudomonas aeruginosa, Saccharomyces
cerevisiae and Staphylococcus epidermidis) and employing the paper disc agar diffusion
method. Several aldehydes, most notably halogenated, nitro-substituted and hydroxylated
salicylaldehydes, displayed highly potent activity against the microbes studied, giving inhibi-
tory zones up to 49 mm in diameter (paper disc diameter 6 mm), while unsubstituted benzal-
dehyde and salicylaldehyde had minimal activity. Further, 4,6-dimethoxysalicylaldehyde had
considerable activity against C. albicans and slight activity against S. cerevisiae, while display-
ing minimal activity against bacteria. Also two aromatic dialdehydes had interesting activity.
In general, P. aeruginosa was the least sensitive microbe, a result that is in line with observa-
tions from a large screening project, in which this microbe was the one against which the
least number of active substances was found. Interestingly, the structure-activity relationships
of the aldehydes studied were clearly different for different microbes. Many of the aldehydes
tested had such high antimicrobial activity that they are noteworthy candidates for practical
applications as well as interesting lead compounds for the development of novel antimicro-
bial drugs and disinfectants. The structure-activity relationships are discussed in detail. For
high activity, substituents are required in benzaldehyde as well as in its 2-hydroxy derivative
salicylaldehyde. One hydroxy group alone (at the 2-position) is not enough, but further hy-
droxylation may produce high activity. The effects of substituents are in some cases dramatic.
Halogenation, hydroxylation and nitro substitution may produce highly active compounds,
but the effects are not easily predicted nor can they be extrapolated from one microbe
to another.
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Introduction

There are sporadic reports on the antimicrobial
activity of certain substituted salicylaldehydes
(ring-substituted 2-hydroxybenzaldehydes), a few
of which are known to have antimicrobial activity
against certain bacteria or fungi (Bougault et al.,
1949; Burton et al., 1964, 1965; Clarke et al., 1963;
Cronenberger et al., 1968a, b, 1969; Rehn et al.,
1981; Taillandier and Pera, 1991). The ultimate
mechanism underlying the antimicrobial activity is
not known, and in most studies, the number of
compounds tested has been quite limited or only

one microbial species has been studied. Little ap-
pears to be known of the effects of substituents of
the ring, and at present, the mechanism of action
of the aldehydes is at best speculative. One possi-
bility is that the activity is based on the formation
of Schiff bases with important amino groups of mi-
crobial cells.

Because of the above reasons, a further charac-
terization of the antimicrobial properties of substi-
tuted salicylaldehydes is of great interest. This is
even more so, since in recent times, bacteria resist-
ant to commonly used antibiotics have caused
much alarm. For example, vancomycin-resistant
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enterococci (VRE) and methicillin-resistant sta-
phylococci, most notably methicillin-resistant Sta-
phylococcus aureus (MRSA), have become serious
clinical problems world-wide (Bozdogan et al.,
2003; Centers for Disease Control and Prevention,
2002; Cetinkaya et al., 2000; Cunha, 2005; Hanaki
et al., 2005; Hsueh et al., 2005; Weigelt et al., 2004).
The clinically useful antibiotic arsenal available
against these bacteria is limited and new resistant
mutants are emerging that still worsen the situa-
tion. This has prompted an intensive search for
new active agents. As part of a large project to
invent novel antimicrobial agents, we have synthe-
sized e. g. certain hydrazone-type and other deriva-
tives of substituted salicylaldehydes and studied
their antimicrobial properties (Pelttari et al., 2007;
unpublished results). In connection with those
studies, we have performed a systematic study of
the antimicrobial properties of a large number of
ring-substituted salicylaldehydes using a panel of
seven microbial species (including bacteria, yeasts
and one mold), the results of which are reported
here. Many of the aldehydes tested were found to
have highly potent antimicrobial activity, making
these substances noteworthy candidates for practi-
cal applications as well as interesting lead com-
pounds for the development of novel antimicro-
bial compounds.

Experimental
Compounds tested

The structures of the compounds studied are
shown in Fig. 1. The aldehydes tested were ob-
tained from E. Merck and Schuchardt (Darmstadet,
Germany), Aldrich-Chemie/Aldrich Chemical
Company and EGA-Chemie (Steinheim, Ger-
many), Fluka AG (Buchs, Switzerland) and TCI
(Tokyo, Japan). These compounds were used as
such without further purification. Benzaldehyde
was distilled before use, and an undistilled lot was
used for comparison.

3,5-Difluorosalicylaldehyde was synthesized in
our laboratory. The preparation was based on
Duff’s reaction wherein the appropriate phenol is
regiospecifically formylated by two molar equiva-
lents of hexamethylenetetramine (i. e., urotropine)
in trifluoroacetic acid. The crude product of the
aldehyde was synthesized according to Weidner-
Wells and Fraga-Spano (1996) starting from
99 mmol of 24-difluorophenol, but was purified
further (instead of oxidation to 3,5-difluorosali-
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cylic acid) as follows: the concentrated crude prod-
uct (ca. 50 ml) was mixed with 100 ml of dichloro-
methane and filtered. The filtrate was washed with
water in a separatory funnel, dried with a small
amount of sodium sulfate and concentrated. The
residue was recrystallized from 7 ml of 50% meth-
anol in water; yield 36%; melting point 85-86 °C.
The solid by-product that was filtered off did not
melt below 350 °C.

Attempts to synthesize other di- or trifluorosali-
cylaldehydes by a similar method (Duff’s reaction)
were unsuccessful as expected because of the de-
activating effects of the fluorine substituents on
ortho and para positions.

Microbiology

The compounds were tested against Aspergillus
niger, Bacillus cereus, Candida albicans, Escheri-
chia coli, Pseudomonas aeruginosa, Saccharomy-
ces cerevisiae and Staphylococcus epidermidis. The
microbial strains, their origins and preservation,
culture media and conditions and the experimen-
tal procedures employed have been previously de-
scribed (Pelttari et al., 2002). In brief, for testing
of antimicrobial activities, single colonies of the
microbes were taken from agar plates and grown
aerobically (at 30 or 37 °C, depending on the mi-
crobe) in several 5 ml aliquots of the appropriate
liquid medium and using orbital shaking (120
rpm). Liquid cultures from overnight cultivations
(5ml each) were centrifuged, the pellets were
washed, recentrifuged and resuspended (volume
400 ul), and 200 ul of this suspension was inocu-
lated onto each plate (diameter 14 cm, approxi-
mately 50ml of agar). Paper discs (diameter
6 mm) were put onto the plates, and 10 ul of a test
solution were pipetted onto each disc. All com-
pounds studied were dissolved in dimethyl sulfox-
ide (DMSO).

Results and Discussion
General remarks

A total of 23 different aldehydes were tested for
their ability to inhibit microbial growth using
seven different microbes as test organisms, namely
four bacterial species (B. cereus, E. coli, P. aerugi-
nosa and S. epidermidis) and two yeasts (C. albi-
cans and S. cerevisiae) as well as one mold (A. ni-
ger). The structures of the compounds are shown
in Fig. 1. In the case of compounds 3 and 19, lots
from two different suppliers were employed. The
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22: R1 CHO, R?=R? = R4 R°=H
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Fig. 1. The structures of the aldehydes studied.

aldehydes tested include salicylaldehyde [i.e., 2-
hydroxybenzaldehyde (2)] and ring-substituted
analogues thereof as well as the “parent com-
pound” of all aromatic aldehydes, benzaldehyde
(1), and a few other aromatic aldehydes. The re-
sults obtained are shown in Table I. As is evident
from Table I, several of the aldehydes tested had
highly potent antimicrobial activity, producing in-
hibitory zones up to 49 mm in diameter. Every al-
dehyde had at least some activity against one or
more microbial strains.

Unsubstituted benzaldehyde and salicylalde-
hyde had minimal activity. The effect of substitu-
ents was dramatic, especially in the case of salicyl-
aldehyde, whose activity was greatly increased by
halogenation, nitro substitution and hydroxyla-
tion.

Each microbial strain was inhibited by at least
one of the aldehydes tested. In general, the least
sensitive microbe was P. aeruginosa. This result is
in line with our observations from a large screen-
ing project, in which this microbe was the one
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against which the least number of active substan-
ces was found. Interestingly, the structure-activity
relationships of the aldehydes studied varied for
different microbes.

Effects of halogen substituents on antimicrobial
activity

A total of seven halogenated salicylaldehydes,
including 3- and 5-monohalogenated as well as 3,5-
dihalogenated ones, were available for this study.
The structure-activity relationships observed for
these compounds are illustrated graphically in
Fig. 2.

Three monohalogenated salicylaldehydes [3-fluo-
rosalicylaldehyde (15), 5-chlorosalicylaldehyde (13)
and 5-bromosalicylaldehyde (14)] were available
for testing. Among them, the 3-fluoro congener
had fairly high activity against the Gram-negative
bacteria E. coli and P. aeruginosa as well as against
the Gram-positive B. cereus, while being inactive
against the Gram-positive S. epidermidis as well as
the mold A. niger and practically inactive against
the yeasts C. albicans and S. cerevisiae.

5-Bromosalicylaldehyde was in most cases
highly active, being drastically more active than
5-chlorosalicylaldehyde when comparing solutions
with the same mg/ml concentration, and even
more active if molar concentrations are considered
in the comparison; this result is difficult to explain.
In the case of S. cerevisiae, the activity of the 5-
bromo congener (although higher than that of the
5-chloro congener) was quite low. The higher ac-
tivity of the bromo compound is in line with the
results of Cronenberger et al. (1969) who studied
the effects of aldehydes on S. cerevisiae.

In the case of P. aeruginosa and A. niger, both
of the 5-halogenated congeners had fairly low
(and, as compared to each other, roughly equal)
activity, and in contrast to the other microbes,
were more active than the 3,5-dihalogenated sali-
cylaldehydes that usually had clearly superior ac-
tivity. In the case of E. coli, the 3,5-dichloro conge-
ner 16 was much more active than the 5-chloro
one 13, while the 3,5-dibromo analogue 17 was less
active than the highly effective 5-bromo one 14.

In the case of 3,5-dihalogenated salicylalde-
hydes, highest activity was usually displayed by the
dichloro congener. It is tempting to speculate that
the increase of activity ongoing from the difluoro
compound to the dichloro one is due to a change
in the inductive effect of the substituents. The de-
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Table I. The results of the growth inhibition tests.
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Com- Concentra- Concentra- Mean diameter of inhibitory zone [mm]?
pound tion [um]® tion [mg/ml]®
B. cereus  E. coli P. S. C. S. A. niger
aeruginosa epidermidis albicans cerevisiae

1° 377 40 7 7 6 7 6 7 6
184 20 6 6 6 6 6 6

94 10 6 6 6 6 6 6 6

47 5 6 6 6 6 6 6 6

14 377 40 7 7 7 7 6 7 6
184 20 6 6 7 6 6 6 6

94 10 6 6 7 6 6 6 6

47 5 6 6 6 6 6 6 6

2 328 40 7 7 6 7 7 8 6
163 20 7 7 6 7 7 7 6

82 10 7 6 6 6 6 7 6

41 5 6 6 6 7 6 7 6

3 290 40 25 21 13 21 23 29 ND
145 20 11 16 11 14 30 30 ND

72 10 8 9 9 10 23 28 ND

36 5 6 6 6 6 23 24 ND

3t 290 40 29 23 15 26 40 ND ND
145 20 23 20 14 23 30 ND ND

72 10 15 15 12 21 25 ND ND

36 5 14 8 7 15 21 ND ND

4 290 40 17 17 12 18 24 12 10
145 20 11 16 10 10 17 8 7

72 10 6 11 8 8 11 7 6

36 5 6 7 6 6 6 6 6

5 290 40 19 17 16 16 19 6 11
145 20 10 13 12 12 14 7 7

72 10 7 7 9 10 8 6 6

36 5 6 8 6 8 6 6 6

6 290 40 6 11 13 6 6 6 6
145 20 6 8 11 6 6 6 6

72 10 6 7 13 6 6 6 6

36 5 6 7 6 6 6 6 6

7 260 40 14 23 13 12 8 7 7
130 20 9 16 11 10 6 7 6

65 10 8 12 8 8 6 6 6

32 5 6 8 7 6 6 7 6

8 260 40 12 15 9 13 6 6 ND
130 20 8 8 7 10 6 6 ND

65 10 7 7 6 6 6 6 ND

32 5 7 6 6 6 6 6 ND

9 263 40 13 15 9 13 13 10 9
131 20 9 10 7 9 9 8 7

66 10 8 7 7 7 7 7 6

33 5 7 6 6 6 6 6 6

crease of activity after the dichloro stage when go-
ing to the dibromo- and diiodoaldehydes must of
course in part be due to the increasing molecular
weight that results in lower molar concentrations
when the same mg/ml concentration is employed
in testing. In the case of agar diffusion experi-
ments, the role of this phenomenon is usually diffi-
cult to determine quantitatively. In the present
case, however, it was observed (see Table I) that

105 um dichlorosalicylaldehyde was in most cases
a more potent inhibitor of microbial growth than
is a 107 um solution of the corresponding diiodoal-
dehyde and approximately equally active with
both 70 and 150 um solutions of the dibromo con-
gener. The decrease of activity when going from
the dichloro congener to the diiodo one may in
part also be due to the drastically increasing size
of the substituents. Another possibility is that the
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Table I continued.
Com- Concentra- Concentra- Mean diameter of inhibitory zone [mm]?
pound tion [um]® tion [mg/ml]®
B. cereus  E. coli P. S. C. S. A. niger
aeruginosa epidermidis albicans cerevisiae

10 220 40 7 8 6 8 20 11 10
110 20 7 9 6 8 17 11 9

55 10 8 7 6 7 13 7 8

27 5 6 8 7 6 6 7 6

11 206 40 6 11 9 8 9 10 6
103 20 6 8 8 7 8 8 6

52 10 6 8 8 6 9 8 6

26 5 6 7 7 6 8 8 6

12 286 40 21 20 17 6 8 6 6
143 20 7 20 13 6 7 7 6

71 10 6 8 6 6 7 7 6

36 5 6 6 6 6 6 6 6

13 256 40 14 9 13 7 8 8 22
128 20 11 8 13 6 8 8 10

64 10 10 8 8 6 9 7 7

32 5 8 9 7 6 7 7 6

14 199 40 26 32 12 22 25 12 19
100 20 13 30 12 21 9 10 11

50 10 12 17 10 7 7 7 7

25 5 8 11 7 6 7 7 7
15 209 40 23 21 10 >30 7 23 ND
105 20 15 11 9 ND 6 7 ND
52 10 12 7 7 ND 6 7 ND
26 50 11 6 6 ND 6 7 ND

16 209 40 29 34 8 33 32 32 16
105 20 27 30 8 32 34 30 18

52 10 22 27 7 28 23 21 12

26 5 19 20 8 23 20 20 12

17 150 40 27 23 9 28 26 31 15
71 20 27 23 9 28 26 31 15

36 10 24 21 9 25 19 28 14

18 5 20 16 9 22 16 18 12

18 107 40 23 16 9 33 15 12 10
54 20 20 16 8 32 15 13 11

27 10 20 21 8 32 15 11 10

13 5 20 15 8 30 13 12 10

19¢ 239 40 18 21 6 32 27 29 16
120 20 18 21 6 32 27 29 16

60 10 10 17 6 32 20 24 13

30 5 7 14 6 34 15 13 11

19t 239 40 20 24 8 49 25 26 20
120 20 13 21 7 45 24 26 18

60 10 10 18 6 44 21 21 15

30 5 7 14 6 44 16 13 10

inductive effect of two bromines or iodines is too
low for optimal activity.

Our results on dihalogenated salicylaldehydes
are in contrast with those of Cronenberger et al.
(1969), who studied the effects of aldehydes on
S. cerevisiae and reported that the ICs, value of
3,5-diiodosalicylaldehyde (18) is lower than that of
the dibromo congener, whose ICs, value in turn is
lower than that of the dichloro congener. The rea-

sons lying behind this discrepancy are not known
but may perhaps relate to different experimental
conditions and different strains of the microbe.

Effects of hydroxy substituents on antimicrobial
activity

A large and highly interesting subgroup of the
aldehydes studied is constituted by doubly or tri-
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Table I continued.

Com- Concentra- Concentra- Mean diameter of inhibitory zone [mm]?
pound tion [um]® tion [mg/ml]®
B. cereus  E. coli P. S. C. S. A. niger
aeruginosa epidermidis albicans cerevisiae

20 189 40 14 20 8 8 6 7 6
94 20 7 15 8 8 7 7 6

47 10 7 8 7 7 6 7 6

24 5 6 7 7 7 6 6 6

21 266 40 21 17 9 26 23 23 16
133 20 14 17 8 12 20 24 14

67 10 9 14 7 12 12 14 10

33 5 7 12 6 9 9 7 7

22 298 40 9 13 16 13 17 24 11
149 20 7 13 12 10 15 22 8

75 10 7 10 9 10 13 17 7

37 5 7 9 8 9 9 14 7

23 268 40 6 8 7 6 7 7 7
134 20 6 8 7 6 6 7 6

67 10 6 7 6 6 6 7 6

34 5 6 7 6 6 6 6 6

2 Diameter of filter paper disc was 6 mm. The diameters given include the disc diameter. For each concentration of
each compound, four filter discs were employed, and for each disc the inhibitory zone diameter was measured in
at least three directions using a standard ruler, whose smallest division was 1 mm. For each disc, the mean of the
individual measurements was calculated and rounded to whole numbers. All four discs usually gave either the
same inhibitory zone value or the differences were small. In the case of A. niger, the typical standard deviation
(SD) was 0 mm. The control antibiotic amphotericin B (fungizone, 8 mg/ml) gave inhibitory zones of ca. 10—
11 mm. In the case of E. coli, the SD ranged between 0 and 2 mm, and the control antibiotic (ampicillin sodium,
1 mg/ml) gave inhibitory zones around 20—22 mm. In the case of S. epidermidis, the typical SD was below 1 mm
(maximum 4 mm in one case), and the control antibiotic (doxycycline, 20 mg/ml) gave inhibitory zones of ca. 21—
24 mm. In the case of B. cereus, the SD was typically below 2 mm (often 0 mm), and doxycycline gave inhibitory
zones of ca. 33 mm. In the case of P. aeruginosa, the SD was nearly always below 1 mm, and doxycycline gave
inhibitory zones of ca. 18 mm. In the case of C. albicans, the SD was usually below 1 mm and amphotericin gave
inhibitory zones of ca. 15—-16 mm. In the case of S. cerevisiae, the SD was nearly always below 1 mm (often 0 mm),

and amphotericin gave inhibitory zones of ca. 9 mm.

® Concentration of test substance in DMSO. 10 ul of this solution were pipetted onto each paper disc.

¢ Undistilled.

d Distilled.

¢ Product of Merck-Schuchardt.

f Product of Aldrich Chemical Company.
¢ Product of TCI.

ND, not determined.

ply hydroxylated benzaldehydes, many of which
displayed potent antimicrobial activity. The struc-
ture-activity relationships observed for the doubly
hydroxylated congeners are illustrated graphically
in Fig. 3.

Among the doubly hydroxylated congeners, 2,3-
dihydroxybenzaldehyde (3) was in most cases su-
perior to its 2,4- and 2,5-analogues 4 and 5. In the
case of the bacteria E. coli, S. epidermidis and es-
pecially B. cereus, the 2,3-hydroxylated congener
had so high activity that it may deserve considera-
tion for practical antimicrobial use. Two lots of it
were available for this study (one from Aldrich
and one from Merck) and they gave largely similar

results, except in the case of B. cereus and S. epi-
dermidis, the Aldrich product giving at low con-
centrations somewhat larger inhibitory zones than
the Merck product. These differences may well at
least in part be due to experimental inaccuracy but
the possibility cannot be excluded that either lot
contained impurities, e.g. because the dihydroxy
compound is probably easily oxidized to a quin-
one. The 3,4-dihydroxylated congener 6, instead,
had low or no activity against these bacteria. This
result is interesting since the 3,4-substituted com-
pound does not belong to salicylaldehydes, in con-
trast to the other dihydroxylated congeners stud-
ied. In the case of P. aeruginosa, all four di-
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hydroxylated congeners had approximately similar
activity that was, however, markedly lower than in
the case of the other bacteria.

A very interesting result is constituted by the
discovery that 23-dihydroxybenzaldehyde has
very high activity against the yeasts C. albicans

compound in the agar diffusion tests performed against bacteria (A-D)
and fungi (E-G), shown as a function of the number of the period to
which the halogen belongs in the periodic system of the elements.

and S. cerevisiae, even the lowest concentration
tested (5 mg/ml) producing inhibitory zones larger
than 20 mm, while the other dihydroxylated con-
geners were completely inactive at this concentra-
tion.
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Effects of nitro substituents on antimicrobial
activity

5-Nitrosalicylaldehyde (19) was available from
two commercial sources (Aldrich and TCI). Both
samples displayed highly potent activity against
S. epidermidis, even the lowest concentration
tested producing inhibitory zone diameters as
large as 34 mm (TCI) or 44 mm (Aldrich). Both
lots showed potent activity also against the yeasts
C. albicans and S. cerevisiae and noteworthy activ-
ity against all other microbes studied except for
P. aeruginosa, against which both were practically
inactive. The reasons for the differences between
the lots remain speculative at present. One possi-
bility is that the more active lot contained a highly
active impurity (which does not seem probable) or
that the less active lot contained a large amount of
inactive impurities (which also seems improbable).
More probably, however, the differences observed
are at least in part due to experimental inaccuracy.
In the case of very large inhibitory zones, even
minimal changes in the experimental conditions
may cause marked changes in the inhibitory zone
diameters.

In contrast to 5-nitrosalicylaldehyde, 3,5-dinitro-
salicylaldehyde (20) had minimal activity against
most microbes studied, displaying marked activity
only against E. coli and some activity against B.
cereus. The reasons lying behind the remarkably
lower activity of the dinitro compound, as com-
pared to the 5-mononitro congener, remain ob-
scure at present. We considered that one possibil-
ity might be that, in spite of being soluble in
DMSO, the compound had been precipitated in
the aqueous agar, apparently low activity thus be-
ing observed. This theory was considered to be
supported by the fact that nitro substituents often
drastically reduce the solubility of aromatic com-
pounds. Therefore, we performed control experi-
ments, in which solutions containing 40 mg of 5-
nitrosalicylaldehyde (separate solutions for the
TCI and Aldrich products) or 3,5-dinitrosalicylal-
dehyde per 1 ml of DMSO were added to either
water or a liquid culture medium (YPD broth).
When 25 ul of either one of the 5-nitrosalicylalde-
hyde solutions was added to 1 ml of water, a pre-
cipitate was immediately formed, while the same
addition to YPD broth caused no precipitation.
When the 3,5-dinitrosalicylaldehyde solution was
similarly added to water or YPD broth, no precipi-
tate was formed during a 30 min period of obser-
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vation. The results were thus totally in contrast to
expectations, and the lower activity of the dinitro
compound, as compared to the mononitro conge-
ner, appears to be an intrinsic property of the com-
pound.

Effects of other substituents on antimicrobial
activity

One compound carrying a methyl group at the
6-position was also studied, namely 2,4-dihydroxy-
6-methylbenzaldehyde (9). It was found to have a
clearly lower antimicrobial activity than its non-
methylated analogue 2,4-dihydroxybenzaldehyde
(4), the last-mentioned compound displaying bet-
ter inhibitory activity in the case of all microbial
species studied and being a potent inhibitor of C.
albicans, while the methylated congener had only
modest activity. It can be speculated that the effect
of the methyl substituent at the 6-position may
possibly be due to steric hindrance in the vicinity
of the aldehyde function. It would be interesting
to investigate analogous compounds that carry the
methyl substituent at another position or that have
larger alkyl substituents or multiple substituents,
but such compounds were not available for the
present study.

One interesting compound studied is 2,4-di-
methoxy-6-hydroxybenzaldehyde [i. e., 4,6-dimeth-
oxysalicylaldehyde (10)] that had considerable ac-
tivity against C. albicans and slight activity against
the other fungi studied, while displaying minimal
activity against bacteria. As compared to salicylal-
dehyde that is devoid of the methoxy groups, the
compound had dramatically higher antifungal ac-
tivity. As compared to the close analogue 2.4,6-
trihydroxybenzaldehyde (8) in which the 4- and 6-
positions carry free hydroxy groups, the dimeth-
oxy compound (in which those hydroxy groups are
etherified) had a clearly different activity profile:
the former compound had no activity against
yeasts, having some activity against all bacteria
studied, while the latter had selective anti-yeast
activity. One further compound with an etherified
hydroxy group, S5-(trifluoromethoxy)salicylalde-
hyde (11), was also studied but had low antimicro-
bial activity. Further studies on methoxylated and
other alkoxylated aldehydes are in any case war-
ranted.

One benzaldehyde derivative with an “exotic”
substituent, 4-dimethylaminobenzaldehyde (23),
was also studied but had minimal or no activity.
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Antimicrobial activity of diformyl compounds
(aromatic dialdehydes)

Among those aldehydes tested that do not con-
tain a hydroxy group at the 2-position (i.e., that
are not salicylaldehydes), phthaldialdehyde [2-for-
mylbenzaldehyde, 1,2-diformylbenzene (22)] dis-
played remarkable activity against S. cerevisiae
even at the lowest concentrations tested and also
had distinct activity against most other microbes
studied, indicating that the 2-hydroxy substituent
is not necessary for antimicrobial activity. How-
ever, it must be pointed out that the mechanism
of action of phthaldialdehyde may be different
from that of salicylaldehydes and may possibly be
based on the high reactivity of the compound or
on the presence of two reactive aldehyde functions
that may give rise to the formation of cross-links
between proteins or other biomolecules. In any
case, the addition of the second formyl group to
benzaldehyde has a prominent effect on the anti-
microbial activity.

Also another dialdehyde (diformyl compound),
5-formylsalicylaldehyde (21), had remarkable anti-
microbial activity. It displayed highest activity
against S. epidermidis and was active against all
other microbes as well, except P. aeruginosa. Thus,
the 5-formyl substituent had a dramatic effect on
the antimicrobial activity, since the unsubstituted
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Conclusions. Possible Practical Applications

The structure-activity relationships of the alde-
hydes studied are clearly different for different mi-
crobes, and the effects of substituents are not eas-
ily predicted nor can they be extrapolated from
one microbe to another. The most active alde-
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