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Introduction.  Antimicrobial  properties of two
naphthopyrandione derivatives with cycloalkanespirohydantoins
towards some phytopathogenic and beneficial microorganisms
are investigated and presented in this work.

Materials and methods. The title compounds are obtained
following a known procedure. The agar well diffusion test is
applied to determine the antimicrobial activities of the
synthesized products on bacteria and fungi. The initial cyclo-
alkanespirohydantoins are prepared via the Bucherer-Lieb
method. The starting compounds used in the studies, namely 6-
bromo-1H,3H-naphtho[1,8-cd]pyran-1,3-dione, cyclo-
alkanespirohydantoins, naphthopyrandione derivatives with
cycloalkanespirohydantoins, namely
3-(1,3-dioxo-1H,3H-naphtho[ 1,8-cd]pyran-6-yl)-1,3-diazaspiro
[4.4]-nonane-2,4-dione and

3-(1,3-dioxo-1H,3H-naphtho[ 1,8-cd]pyran-6-yl)-1,3-
diazaspiro[4.5]decane-2,4-dione, are synthesized according to the
methods described in the literature.

Results and discussion. The antimicrobial activity of the
parent compounds and the final products is investigated against
the fungi Fusarium oxysporum and Trichoderma asperellum T6,
the Gram-positive bacterium Bacillus amyloliquefaciens 2/7 A
and the Gram-negative bacterium Xanthomonas vesicatoria. All
substances (except the initial spirohydantoins) show activity to
the microorganisms studied. With regard to the test fungi, more
susceptible are those of phytopathogenic species (Fusarium
oxysporum). The effect is different in the case of bio-control agent
(Trichoderma asperellum T6). In addition to being weaker, over
time, the fungus overcomes the inhibitory effect as its growth
covers inhibition zones already formed. The 3-(1,3-dioxo-1H,3H-
naphtho[ 1,8-cd]pyran-6-yl)-1,3-diazaspiro[4.5]decane-2,4-dione
shows the highest activity against phytopathogenic
microorganisms while having a relatively lower effect against
Trichoderma asperellum T6.

Conclusions. The 6-bromo-1H,3H-naphtho[1,8-cd]pyran-
1,3-dione, 3-(1,3-dioxo-1H,3H-naphtho[1,8-cd]|pyran-6-yl)-1,3-
diazaspiro[4.4]nonane-2,4-dione  and  3-(1,3-dioxo-1H,3H-
naphtho[ 1,8-cd]pyran-6-yl)-1,3-diazaspiro[4.5]decane-2,4-dione
possessed the highest biological activity to all of the tested
microorganisms.
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Introduction

The hydantoins (imidazolidinediones) are substances with a broad spectrum of biological
activity. Different derivatives of such compounds are known as antimicrobial agents [1-34].

The antimicrobial activity of various spirohydantoins and their derivatives has been
investigated and reported in previous studies of ours. Some of the products tested for the
presence of such type of activity are shown in figure 1.
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Figure 1. Some biologically active spirohydantoins and their derivatives

The cyclopentanespiro-5-hydantoin /1,3-diazaspiro[4.4]nonane-2,4-dione/ (figure 1a),
cyclopentanespiro-5-(2,4-dithiohydantoin) /1,3-diazaspiro[4.4]nonane-2,4-dithione/ (figure
1b) and 1-aminocyclopentane-1-carboxylic acid (figure 1c¢) have shown strong fungicidal
activity against Blumeria graminis f. sp. tritici (wheat powdery mildew) [35]. Other
compounds with pronounced fungicidal properties are
3-(1,3-dioxo-1H,3 H-naphtho[ 1,8-cd]pyran-6-yl)-1,3-diazaspiro[4.4Jnonane-2,4-dione
(Figure 1g) and
3-(1,3-dioxo-1H,3 H-naphtho[ 1,8-cd]pyran-6-yl)-1,3-diazaspiro[4.5]decane-2,4-dione
(figure 1h).

Both products completely inhibited the germination of the Monilia fructigena (brown
rot) conidia [36]. With regard to Plasmopara viticola (grapevine downy mildew), only the
cyclopentyl derivative (figure 1g) was found to be effective [37]. The 3-amino-9’-
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fluorenespiro-5-hydantoin /3'-aminospiro[ fluorene-9,5'-imidazolidine]-2',4'-dione/ (figure
1d) exhibited a distinct antibacterial activity against the Gram-negative bacterium
Escherichia coli [38]. In contrast to the example above, it was found out that the 3-methyl-
(9'-fluorene)-spiro-5-(2,4-dithiohydantoin) ~ /3'-methylspiro[fluorene-9,5'-imidazolidine]-
2'4'-dithione/ (figure le) showed antibacterial effect towards Gram-positive bacteria
(Staphylococcus  aureus and  Bacillus  subtilis) [39]. The N-(2,4-dioxo-1,3-
diazaspiro[4.5]decan-3-yl)-1-ethyl-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-
carboxamide (figure 1f) possessed a certain antibacterial activity against Gram-positive and
Gram-negative bacteria [40].

The current work is a continuation of the biological activity research of 3-(1,3-dioxo-
1H,3H-naphthol[ 1,8-cd]pyran-6-yl)-1,3-diazaspiro[4.4]nonane-2,4-dione (figure 1g) and 3-
(1,3-dioxo-1H,3 H-naphtho[ 1,8-cd]pyran-6-yl)-1,3-diazaspiro[4.5] decane-2,4-dione (figure
1h). Herein, we present a study of the antimicrobial activity of both compounds against
bacterial and fungal cultures of phytopathogenic and beneficial microorganisms.

Materials and methods
Synthetic compounds

All chemicals used for the synthesis were purchased from Merck and Sigma-Aldrich.
The melting points were determined with a SMP-10 digital melting point apparatus. The
elemental analysis data were obtained with an automatic analyzer Carlo Erba 1106. The
purity of the compounds was checked by thin layer chromatography on Kieselgel 60 F;s4, 0.2
mm Merck plates, eluent systems (vol. ratio): benzene : ethanol = 5 : 1, ethyl acetate :
petroleum ether = 1 : 2 and n-butanol : acetic acid : water =3 : 1 : 1. The IR spectra were
registered in KBr pellets on a VERTEX 70 FT-IR spectrometer (Bruker Optics) from 4000
cm™! to 400 cm™! at resolution 2 cm™! with 25 scans. The NMR spectra were taken on a
Bruker DRX-250 spectrometer, operating at 250.13 and 62.90 MHz for 'H and *C,
respectively, using the standard Bruker software. The chemical shifts were referenced to
tetramethylsilane (TMS). The measurements in DMSO-ds solutions were carried out at
ambient temperature (300 K). Typical conditions for 'H NMR spectra were: pulse width 30°,
1 s relaxation delay, 16K time domain points, zero-filled to 64K, hard pulse with 90° pulse
width of 11.8 us; '*C NMR spectra: pulse width 30°, 1 s relaxation delay, 16K time domain
points, zero-filled to 32K, hard pulse with 90° pulse width of 6.4 us at a power level of 3 dB
below the maximum output.

Microorganisms

Bacterial and fungal cultures of phytopathogenic and beneficial microorganisms were
used to study the biological activity of the test substances. Fungi used were the
phytopathogenic Fusarium oxysporum and the bio-control agent Trichoderma asperellum
T6. The Gram-positive Bacillus amyloliquefaciens 2/7 A, having the ability to stimulate plant
growth and to restrict the development of fungal phytopathogens and plant pathogenic and
the Gram-negative Xanthomonas vesicatoria were used as bacterial test cultures. The
microorganisms used in the study were from the collection of the Laboratory of microbial
technologies except Xanthomonas vesicatoria, kindly provided by Dr. Katia Vasileva from
Maritsa Vegetable Crops Research Institute, Plovdiv.
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Biological assay

The agar well diffusion method was applied to determine the antimicrobial activities of
compounds 1a, 1b, 2, 3a and 3b on the bacteria and fungi [41-43]. The incubations were done
on tryptic soy agar (TSA Biolife 4021552) for the bacterial isolates and potato dextrose agar
(Merck 1.10130.0500) for the fungi. The agar plate surface was inoculated by spreading 100
ul of the microbial inoculum, adjusted to yield approximately 1.0 X 10® cfu per ml with sterile
water. Then, a hole with a diameter of 10 mm was punched aseptically with a sterile cork
borer and a volume of 50 ul of the dimethylsulfoxide (DMSO) solution of the synthesized
compounds in concentration of 20 mg/ml was introduced into the well. The agar plates were
incubated in thermostat at 28 °C for all microorganisms. The inhibition zones were recorded
at 48 and 96 h. The inhibition zones were analyzed using Digimizer®4.6.1, image analysis
software.

Results and discussion

The synthesis  of  the  title  naphthopyrandione  derivatives  with
cycloalkanespirohydantoins was carried out according to Figure 1.
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Figure 1. Synthesis of naphthopyrandione derivatives with cycloalkanespirohydantoins [36]

The cyclopentanespiro-5-hydantoin (1a) and cyclohexanespiro-5-hydantoin (1b) were
prepared via the Bucherer-Lieb method [44]. The synthesis was performed by the reaction of
cyclopentanone and cyclohexanone with sodium cyanide, ammonium carbonate and ethanol.

The 4-bromo-1,8-naphthalic anhydride (2) was obtained by the bromination of 1,8-
naphthalic anhydride /1H,3 H-naphtho[ 1,8-cd]pyran-1,3-dione/ in accordance with Grayshan
et al. [45].

The interaction of cycloalkanespirohydantoins (1a and 1b) with 4-bromo-1,8-naphthalic
anhydride (2) led to 3-(1,3-dioxo-1H,3 H-naphtho[ 1,8-cd]pyran-6-yl)-1,3-
diazaspiro[4.4]nonane-2,4-dione (3a) and 3-(1,3-dioxo-1H,3 H-naphtho[1,8-cd|pyran-6-yl)-
1,3-diazaspiro[4.5]decane-2,4-dione (3b) formation [36].

The compounds cited above (see table 1) were characterized by physicochemical
parameters, elemental analysis, IR and NMR spectral data. The results obtained from these
analyses match the literature data [36, 45-48].
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Table 1
Compounds used for the biological tests
Name / Synthesis
Ne Structure IUPAC* systematic name | procedure
H
N /O Cyclopentanespiro-5-
1 \( hydantoin [44]
a NH /1,3-Diazaspiro[4.4]nonane-
/ 2,4-dione/
o)
H o .
N~ Cyclohexanespiro-5-
hydantoin
1b NH /1,3-Diazaspiro[4.5]decane- [44]
2,4-dione/
o)
0 .
/) 4-Bromo-1,8-naphthalic
Br anhydride
2 O /6-Bromo-1H,3H-

[45]
naphtho[1,8-cd]pyran-1,3-
S dione/

/
O o 3-(1,3-Dioxo-1H,3H-
N naphtho[1,8-cd]pyran-6-yl)-
3a HN\< o) 1,3-diazaspiro[4.4nonane- [36]

\ O 2,4-dione

@)

0]
0

( O P 3-(1,3-Dioxo-1H,3H-
N naphtho[1,8-cd]pyran-6-yl)-
* HN\\< o) 1,3-diazaspiro[4.5]decane- [36]

d O 2,4-dione
O

* International Union of Pure and Applied Chemistry

The research of synthesized substances, that are active against phytopathogens, requires
verification of their action against microorganisms, harmful to plants, as well as useful
microorganisms in combination with which they could be used.

In this preliminary study, bacteria and fungal strains important for growing quality
agricultural produce are selected. Two phytopathogenic microorganisms, one fungus and one
bacterium, have been selected. The other two microorganisms tested were beneficial bacteria
and fungi that have the ability to control plant diseases and stimulate plant growth. This leads
to an increase in the quantity and quality of the agricultural products.

Xanthomonas vesicatoria is a Gram-negative, aerobic, rod-shaped bacterium that causes
leafand fruit spots on peppers and tomatoes [49, 50]. X. vesicatoria occurs widely in tomato-
and Capsicum-growing areas in different parts of the world and bacterial spot is common and
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serious disease. Bacterial spot lesions can be observed on leaves, stems and fruit and occurs
during all stages of plant growth. In favorable weather conditions, spots can coalesce and
cause large areas of chlorosis. While fruit lesions are often only superficial, they reduce
product quality in terms of fresh consumption and processing.

Fusarium oxysporum is a soilborne pathogenic fungus of worldwide importance [51].
The pathogen enters the plant through the roots and is then spread throughout the plant by
the vascular system. This fungus can cause severe damages to many types of vegetables,
flowers and field crops.

Fungi from the genus Trichoderma and bacteria from the genus Bacillus have been
widely used in the agriculture as biocontrol agents. They possess a mycoparasitic capacity
and ability to improve plant health and protection against phytopathogens, as well as to
increase tolerance to biotic and abiotic stresses [52-54].

The antimicrobial activity of the parent compounds and the final products was
investigated against the fungi Fusarium oxysporum and Trichoderma asperellum T6, the
Gram-positive bacterium Bacillus amyloliquefaciens 2/7 A and the Gram-negative bacterium
Xanthomonas vesicatoria (see the “Materials and methods” part). The results of the
conducted tests are presented in figures 2-4.
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Figure 2. Inhibition zones (cm) of the test substances

All substances (except the initial spirohydantoins 1a and 1b) show activity towards all
studied microorganisms. With regard to the test fungi, more susceptible are those of
phytopathogenic species (Fusarium oxysporum).
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The effect is different in the case of bio-
control agent (Trichoderma asperellum T6,
Figure 3). In addition to being weaker, over
time, the fungus overcomes the inhibitory effect
as its growth covers inhibition zones already
formed.

With respect to the test substances, the
biological activity of compounds 2, 3a and 3b is
the highest of all tested microorganisms.
Compound 3b shows the highest activity against
phytopathogenic microorganisms while having
a relatively lower effect against Trichoderma
asperellum T6. The remaining substances differ

Figure 3. Overcomed inhibitory effect in their activity against various microorganisms,
by Trichoderma asperellum T6 however, their cumulative activities to all

microorganisms are approximately the same and

do not differ to the control (Figure 4).

Active compound

Control ‘ ‘
Compound 3b | |
Compound 3a | | | | | |

Compound 2 | | | [ | |

Compound 1b

Compound 1a [

0 2 4 6 8 10 12
Diameter of Inhibition zone, cm
m Trichoderma asperellum T6 Bacillus amyloliquefaciens 2/7 A

@ Fusarium oxysporum O Xanthomonas vesicatoria

Figure 4. Cumulative activity of the compounds against test microorganisms

Conclusions

When comparing the activity of the original and the synthesized substances it is obvious
that the initial materials practically do not exhibit biological activity to the test
microorganisms.

The synthesized substances exhibit biological activity against all tested microorganisms.
As such, these are of interest for further research. Compound 3b depicts the highest activity,
which is the only substance that has a significant activity against Xanthomonas vesicatoria.

Another important observation is that the activity exerted on the fungal bio-control agent
Trichoderma asperellum T6 is expressed in temporary growth retention, which is then
overcome by the fungus.
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The latter can be used in the joint application of test substances together with fungal bio-

control agents of the genus Trichoderma for the control of plant diseases in the production
of safe plant produce for consumption and future processing.
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