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Abstract: A rapid and high yield microwave assisted synthesis of a series of
novel 7,9-bis-(arylidene)-4-methyl-2,6,10-triphenyl-2,3-diazaspiro[4,5]dec-3-
-ene-1,8-dione has been explored. The spiro diarylidene derivatives having nit-
rogen atom and o,f-unsaturated ketone moiety were synthesized by aldol con-
densation between 4-methyl-2,6,10-triphenyl-2,3-diazaspiro[4,5]dec-3-ene-1,8-
-dione and corresponding aryl aldehydes followed by dehydration. The syn-
thesized series of novel spirodiarylidene derivatives were characterized using
IR, 'H- and 13C-NMR and mass spectra. Density functional theory (DFT) study
was performed by Gaussian 09 software. The antimicrobial activities of the
synthesized derivatives were evaluated against two pathogenic Gram-positive
and Gram-negative bacterial strain and three pathogenic fungal species by disk
diffusion method. The minimum inhibitory concentration was determined by
the microbroth dilution technique. The results of the present study demon-
strated that the examined compounds marked 5a and Se, possessing 4-NO, and
5-Br-2-OH substituents, are found to be more active against Gram-positive
bacterium Staphylococcus aureus, 8 and 16 ug mL™!, respectively, and moder-
ately active against Gram-negative bacteria Pseudomonas aeruginosa and
Escherichia coli, compared to other synthetic derivatives. However, none of
the synthesized derivatives showed any activity against Streptococcus pyro-
genes. Compound 5e, possessing 2,4,6-(OCH3);CgH; moiety, exhibited broad
spectrum activity against all fungal strains under study, but showed no anti-
bacterial activity.
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activity; irradiation; antifungal activity.
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INTRODUCTION

The development of resistance among pathogenic microbial strains against
existing antimicrobial agents is increasing day by day and has become a major
concern for public health over the last few decades.! There is an utter necessity to
develop effective antimicrobial agents with novel modes of action and a broad
spectrum of activities to keep pace with evolving pathogenic microbial strains.
Number of phytochemicals has been demonstrated to pose robust broad spectrum
antimicrobial activity with minimal side effects.2 Spirocyclic compounds that are
found abundantly in plants and animals draw special attention because of their
wide applications in medicinal chemistry.3 Some of them are found to have
remarkable biological activities and have been reported to act as antibacterial,*
antifungal,> anti-inflammatory,® antimalarial’ and anticancer agents. The cyclic
structures in the spiro compounds, fused at a central carbon, play a very signi-
ficant role in numerous biological activities of molecules which possess them.%10

Pharmacological activities of several spiro compounds and their derivatives
are widely investigated to develop therapeutics against microbial as well as num-
erous metabolic diseases. The presence of the reactive carbonyl functionalized
heterocycles in spiro framework has been shown to exhibit anti-HIV!! and anti-
inflammatory!2 effect. Spiro [indolo-3,10'-indeno[1,2-b]quinolin]-2,4,11'"-triones
and their derivatives have been reported as a new class of antifungal and anti-
microbial agents.!3 Besides their antimicrobial activities, the literature reveals
that spiro compounds like 7-(3-pyridinyl)-1,7-diazaspiro[4.4]nonane analogue
(D4 and spirocyclic pyrrolidines (II)15, Fig. 1, are also used for the treatment of
central and autonomic nervous systems dysfunctions and various neurological
and psychiatric disorders, as potential drug candidates. Spiro compounds contain-
ing heteroatoms in the exo-olefinic scaffold (III) and (IV) are found to have
significant antitumor!® and antibacterial activities,!” respectively. However,
pharmacological activities of spirodiarylidenes are poorly examined so far.

Though spiro compounds and their derivatives possess promising therapeutic
potentials, their synthesis using conventional methods are very time consuming
and tedious.!8 Microwave irradiation dramatically reduces the reaction times by
choosing lower energy pathways, minimizing the number of steps, and reducing
energy usage by providing uniform heating. Further microwave assisted synthesis
is a greener route of organic synthesis as it ensures minimum use of organic
solvents and subsequent generation of waste.!® Numerous studies have explored
the synthesis of spiro compounds, such as novel dispiro-oxindolopyrrolizidines
and pyrrolidines, in good yield using microwave assisted organic synthesis
methods.2021 However, the synthesis of spirodiarylidene derivatives using mic-
rowave irradiation is not yet explored. In this paper, we highlight the application
of microwave methodology in the synthesis of diarylidenes of spiro compounds
from pyrazolone and dibenzalacetone precursors. A series of novel spiro deri-
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vatives synthesized are further evaluated for their antibacterial and antifungal
activities against a panel of bacterial strains and fungal species.
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Fig. 1. Bioactive spiro compounds for the treatment of dysfunction of central and autonomic
nervous systems (I),14 neurological and psychiatric disorders (II),!° as well as antitumor (I11)!6
and antibacterial (IV)!7 agents.

EXPERIMENTAL
General procedure

All the reagents and solvents used were analytical grade and were purchased from
Merck, Sigma Aldrich and Finar (India). The reactions were performed in Sineo Mas II micro-
wave synthesizer in sealed reaction vessels, power voltage: AC 220 V (10 %), 50 Hz, rated
input power: 1360 W, rated high frequency output power: 1000 W, operating frequency: 2450
MHz. The reaction conditions are optimized by changing different temperatures, time, and
power under solvent medium.

Melting points were taken in open capillaries using sulphuric acid-bath and were uncor-
rected. Reactions were monitored by thin-layer chromatography (TLC) using Merck silica gel
60 F254 precoated plates (0.25 mm) in an appropriate mixture of ethyl acetate and hexane and
observed using UV-lamp of 365 nm. IR spectra were obtained on Bruker Alpha-II. 'H- and
I3C-NMR spectra were recorded on a Bruker Avance 111 spectrometer (at 400 and 100 MHz,
respectively). Chemical shifts were expressed in parts per million downfield from tetrameth-
ylsilane (TMS) dissolved in CDCl; as an internal standard.??

LC-MS analysis was performed with an Agilent 6110 LC-MS instrument with Mercury
Luna 3 p C18 column-attached mass spectrometer with ESC ionisation source in ESI mode.
Water:acetonitrile (50:50) containing 0.1 % formic acid was used as the mobile phase. Sample
preparation was made using acetonitrile as the diluent. Flow rate was maintained at 1.0 ml/min.
The nebulizer pressure ESI mass spectrometer was maintained at 413.7 kPa, vaporizer temp
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150 °C, drying gas flow 5 ml/min and drying gas temperature 300 °C. The voltage capacity of
single ion polarity was 2000 V, polarity switching 1000v and charging electrode capacity was
maintained at 2000 V.

Analytical and spectral data of the compounds are given in Supplementary material to
this paper.

Density function theory (DFT) study was performed using Gaussian 09 programme and
the calculation was done by applying DFT B3LYP/6-31++g(d,p).2> Elemental analyses were
performed by Flash2000 elemental analyzer and were in agreement with the calculated values
within +0.4 %. The physical, analytical and spectral data for the compounds are given in the
Supplementary material to this paper.

Synthetic procedures

Synthesis of 3-methyl-1-phenyl-1H-pyrazol-5(4H)-one (1). A mixture of ethyl acetoacet-
ate (12.76 mL, 100 mmol) and freshly distilled phenylhydrazine (9.8 mL, 100 mmol) was
heated at 120 °C in an oil bath for 1 h. The resulting red oil was cooled and stirred with
diethyl ether until solidification occurred. The colourless solid thus obtained was filtered and
finally recrystallized with ethanol. Yield: 78 %, m.p. 124 °C (lit. m.p. 127 °C).%

Synthesis of dibenzalacetone (2). To a solution of 10 % NaOH and ethyl alcohol (80
mL), acetone (3.7 mL, 50 mmol) was added and stirred for 15 min. Then, benzaldehyde
(10.19 mL, 100 mmol) was added in two phases and stirred for two hours at 25 °C. Yellow
crystals thus separated were filtered, washed with water, and crystallized from ethyl acetate.
Yield: 73.2 %, m.p. 112 °C (lit. m.p. 112 °C)%.

Synthesis of 4-methyl-2,6,10-triphenyl-2,3-diaza-spiro[4.5]dec-3-ene-1,8-dione (3)

Conventional method. A mixture of 3-methyl-1-phenyl-1H-pyrazol-5(4H)-one (1, 0.87 g,
5 mmol) and dibenzalacetone (2, 1.17 g, 5 mmol) in 15 ml ethanol in presence of 5 drops of
triethanolamine was refluxed for 16 h. The completion of the reaction was monitored by TLC.
The reaction mixture was allowed to cool at room temperature. The solution was poured onto
ice cold water. The brown solid formed was filtered, dried, and recrystallized from rectified
spirit to obtain 3.17

Microwave-assisted (MW) method. A mixture of 3-methyl-1-phenyl-1H-pyrazol-5(4H)-
-one (1, 0.87 g, 5 mmol) and dibenzalacetone (2, 1.17 g, 5 mmol) in 15 mL ethanol in the
presence of 5 drops of triethanolamine were irradiated in the microwave at 300 W and 80 °C
for 10 min. The reaction mixture was allowed to cool at room temperature. The solution was
poured onto ice cold water. The brown solid formed was filtered, dried, and recrystallized
from rectified spirit to obtain 3.

General procedure for the formation of arylidene derivatives of 4-methyl-2,6, 10-triphenyl-2,3-
-diaza-spiro[4.5]dec-3-ene-1, 8-dione (5a—f)

Conventional method. A mixture of spiro compound 3 (0.2 g, 0.5 mmol) and substituted
aryl aldehydes 4a—f (1 mmol) was refluxed for 10 h in the presence of sodium ethoxide (1
mmol) in 10 mL ethanol. The completion of the reaction was monitored by TLC. The reaction
mixture was allowed to cool at room temperature. The solution was poured onto ice cold
water. The solid formed was filtered, dried, and recrystallized from the rectified spirit to
obtain the compounds Sa—f.

MMW-assisted method. A mixture of spiro compound 3 (0.2 g, 0.5 mmol) and substituted
aryl aldehydes 4a—f (1 mmol) in the presence of sodium ethoxide (1mmol) in 10 mL ethanol
was irradiated in microwave at 300 W and 80 °C for 7 min. The reaction mixture was allowed
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to cool at room temperature. The solution was poured onto ice cold water. The solid formed
was filtered, dried, and recrystallized from the rectified spirit to obtain the compounds 5a—f.

Assessment of antimicrobial activity

Test microorganisms. The selection of seven different microbial species was done based
on their pathogenic activities and clinical importance to human health. Two Gram-positive
bacteria (Staphylococcus aureus (MTCC 3615) and Streptococcus pyrogenes (MTCC 442),
two Gram-negative bacteria (Escherichia coli (MTCC 443) and Pseudomonas aeruginosa
(MTCC 424) and three fungi Candida albicans (MTCC 227), Aspergillus niger (MTCC 282),
and Aspergillus clavatus (MTCC 1327) were chosen for assessing the antibacterial and anti-
fungal activity of the synthesized compounds. All the microbial cultures were obtained from
Microbial Type Culture Collection (MTCC), Institute of Microbial Technology (IMTECH),
Chandigarh, India. While the bacteria were further sub cultured on Nutrient agar, fungi were
grown on Sabourauds dextrose agar.

Assessment of antibacterial activity using agar well diffusion method. All the microbial
cultures were adjusted to 0.5 McFarland standard, which is visually comparable to a microbial
suspension of approximately 1.5x108 CFU mL-!. 20 mL of agar medium, was poured into
each petri plate and plates were swabbed with 100 mL inocula of the test microorganisms and
kept for 15 min for adsorption. Using sterile cork borer of 8 mm diameter, wells were bored
into the seeded agar plates, and these were loaded with a 100 mL volume with a concentration
of 8.0 mg mL! of each compound reconstituted in the dimethyl sulphoxide. All the plates
were incubated at 37 °C for 24 h. The antimicrobial activity of each compound was evaluated
by measuring the zone of growth inhibition against the test organisms. DMSO was used as a
negative control, whereas Ciprofloxacin was used as a positive control for bacteria and
amphotericin-B for fungi. This procedure was performed in three replicate plates for each org-
anism. '3

Determination of minimum inhibitory concentration (MIC) of the spiro compounds

MIC is the lowest concentration of an antimicrobial compound that will inhibit the vis-
ible growth of a microorganism after overnight incubation. The antimicrobial potential of the
synthesized compounds was evaluated by determining the MIC values by the microdilution
method. The MICs were determined by measuring the absorbance of microtiter plates at 570
nm for bacteria and 530 nm for fungi. The optical density from each well was compared with
the optical density from the positive control wells, the lowest concentration with optical den-
sity <0.1 signifies inhibition and considered as MIC value.*

Antibacterial susceptibility testing by microbroth dilution method

The pure bacterial culture of each microorganism was adjusted to 0.5 in Mueller—Hinton
broth (MHB). To avoid bacterial duplication, the suspension of bacterial cells was used imme-
diately within 30 min of turbidity adjustment. All the spiro diarylidene derivatives were dis-
solved in 1 mL of dimethyl sulfoxide (DMSO) to prepare a stock solution of 1 mg. In this
method, a two-fold serial dilution of each chemically synthesized compound was prepared by
reconstituting the compound in DMSO first, followed by dilution in sterile distilled water to
achieve a decreasing concentration range of 512—1 ug mL!. Ten different concentrations were
prepared from each stock with the medium (1, 2, 4, 8, 16, 32, 64, 128, 256, 512 pg mL'1). A
total of 50 puL of each compound concentration was added to sterile 96-well microtiter plates.
After that, 50 uL of diluted bacterial inoculums were added to each well including the neg-
ative control lane, and 100 pL of broth was added to the positive control lane. The plates were
then incubated at 37 °C for 18-24 h. The inhibition of growth was determined by measuring
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the absorbance at 570 nm using an enzyme-linked immunosorbent assay (ELISA) reader.
Ciprofloxacin and all the spirodiarylidene derivatives were dissolved in 1 mL of dimethyl sul-
foxide (DMSO) to prepare a stock solution of 1 mg. Amphotericin-B was used as a positive
control while DMSO as a negative control.26

Antifungal susceptibility testing by microbroth dilution method

The Sabouraud’s dextrose agar slant was used for subculturing the fungal strains. Freshly
grown pure fungal culture was obtained after incubating the slant for 24—48 h at 35 °C. The
fungal suspension was further adjusted to make it equivalent to 0.5 McFarland standards unit
of turbidity and the size of the fungal population maintained to 0.5x105 or 2.5x105. The Sabor
and dextrose agar slant culture was incubated for 5 days at 35 °C to obtain the suspension of
conidia of the mold. The colonies were covered with 5 mL of sterile distilled water supple-
mented with Tween 20. The number of conidia in the suspension was counted using a hemo-
cytometer and diluted at a ratio of 1:10 with RPMI to obtain final inoculums of 2-5x103
conidia mL-!. A total of 50 uL of each compound concentration and 50 pL of fungal suspen-
sion were added to each well for the negative control lane and 100 pL of broth was added to
the positive control lane. The plate was sealed with aluminum foil and incubated at 35 °C for
24-48 h in a humid atmosphere. The absorbance was determined using an ELISA reader at
530 nm for the yeast species and visually for mold species after 48 hours of incubation.?”

RESULTS AND DISCUSSION
Chemistry

4-methyl-2,6,10-triphenyl-2,3-diaza-spiro[4,5]dec-3-ene-1,8-dione (3) and
their diarylidene derivatives 5a—f were synthesized by both conventional and
microwave-mediated method from the synthetic precursors pyrazol-5-one (1) and
dibenzalacetone (2). The synthetic pathway of 4-methyl-7,9-bis-(arylidene)-
-2,6,10-triphenyl-2,3-diazaspiro[4,5]dec-3-ene-1,8-diones (5a—f) is described in
Scheme 1.

The equimolar mixture of 1 and 2 was refluxed in an ethanolic medium to
furnish 3 in good yield. Alternatively, the same reaction was carried out under
microwave (MW) irradiation at 300 W and 80 °C for 10 min to get the same
desired compound 3 in better yield. The experimental results in the present study
revealed that in the case of microwave heating, better yield (82 vs. 70 %) of the
desired products was achieved in shorter reaction time (7 min vs. 10 h) compared
to the conventional method. The MW heating is known to promote rapid mole-
cular mixing of the reactants which increases the intimate contact between the
reactant molecules and accelerates the reaction kinetics to afford higher yields in
lesser reaction time.28 The comparison of reaction time and yields between con-
ventional and microwave assisted synthetic routes of the synthesized compounds
has been summarized in (Table I).

From the experimental results, it is observed that electron withdrawing sub-
stituents on the phenyl ring enhance the yield of the products whereas electron
donating groups comparatively reduce it. In the present study, the mixture of
3 and different substituted aryl aldehydes 4a—f was refluxed for 10 h in ethanol to

Available on line at www.shd.org.rs/JSCS/

(CC) 2022 SCS.



NOVEL SPIRODIARYLIDENE AS ANTIMICROBIAL AGENT 8 1 9

produced Sa—f (68—76 % yield) and enhancement in the yield of the products Sa—f
(80—87 % yield) was achieved by irradiating the same under MW radiation at 300
W and 80 °C for 7 min. The final yield percentage of the target products were
calculated by:29

Content of the product yielded

Yield =100 (1)
Content of the product expected
(6]
H,C
mo g / EI X
+ Triethanolamine N=
N\N Ph/ \g ﬁ/ \Ph —_— ZII\J
\Ph C,HsOH
1 2
3
CHO
Rs R
C,H,0Na / CoH;OH
Ry R,
Rs

5a: R,=H, Ry=H, R;= NO, , R,=H, Rs=H

5b: Rj=H, Ry=H, Ry= CN, R,=H, Rs=H

5¢: R;=OH, Ry=H, Ry= H, R,=Br,Rs=H

5d: R;=H, R,=OCHj , Ry= OCH, , R,=H, Rs=H

5e: R;=0OCHj, Ry= H, Ry= OCH,, R,=H, Rs=OCHj
5f: R,=H, R,=H, Ry= OH, R,=H, Rs=H

Scheme 1. Synthetic pathway of 5a—f.

TABLE 1. Comparison between conventional and microwave assisted synthetic protocols for
compounds 5a—f (reaction time: conventional, 10 h, MW, 7 min)

Yield, %
Compd. Ry R R Ry Rs Conventional MW
Sa H H NO, H H 76 84
5b H H CN H H 75 87
Sc OH H H Br H 72 85
5d H OCH; OCH; H H 68 81
Se OCH, H OCH, H  OCH, 70 82
5f H H OH H H 69 80
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IR spectrum of 5a (R; = Ry = R4 = R5 = H, R3 = p-NO») spectrum reveals
two characteristic peaks at 1733 and 1691 cm! corresponding to amidic carb-
onyl function of pyrazolone moiety and carbonyl function of cyclohexanone
scaffold, which is in conjugation with two exocyclic double bonds. The azometh-
ine linkage C=N streching vibrations appears at 1533 cm~! whereas the olefinic
stretching vibrations are observed at 1525 cm!. The band appearing at 1380 cm!
is attributed to symmetric stretching of ArNO; group.

IH-NMR spectrum of compound 5a recorded in CDCIl3 exhibited a singlet
for methyl protons at 6 = 1.8 ppm, and another singlet for two proton methine
protons (H-6 and H-10) at § = 3.06 ppm. The disappearance of the complex pat-
tern of lH-NMR spectrum in the target molecule and the appearance of a sharp
singlet for two olefinic protons (H-11 and H-11") at 6 = 7.45 ppm ensure the
incorporation of the double bond at C-7 and C-9 position. In addition, two separ-
ate doublets at 0 =8.27 (J = 8.0 Hz) and 6 = 7.79 (J = 8.0 Hz) for the protons of
the phenyl group attached to olefinic carbon C-11 and C-11' confirm the form-
ation of diarylidene derivative. A doublet of doublet at 6 = 7.47 (J/=4.0 Hz, 1.2
Hz) attributed to the ortho protons of the N-phenyl ring of amidic nitrogen of
pyrazolone scaffold.

I3C-NMR spectrum of compound 5a gives signals resonating at § = 17.8,
158.7 and 189.9 ppm, attributed to the respective methyl carbon, azomethine
carbon, and amidic carbonyl carbon of pyrazolone ring, whereas the signals at ¢
48.5, 63.6, 141.2, 142.9 and 179.9 ppm correspond to the respective methine car-
bons at C-6 and C-10, spiro carbon C-5, exo-olefinic carbons C-11 and C-11',
olefinic carbons in conjugation with carbonyl function and carbonyl carbon of
cyclohexanone ring. The signals at 6 111.8 and 121.7 ppm are attributed to C-14,
C-14', C-16, C-16" and C-13, C-13', C-17, C-17', signals at 6 137.9 and 143.9
ppm correspond to C-12, C-12" and C-15, C-15' of the phenyl rings attached to
exo- olefinic carbons respecttively. The signals at 6 = 127.3 ppm corresponds to
C-21, C-21', 6 = 127.8 ppm to C-19, C-19', C-23, C-23', 5 128.4 to C-20, C-20',
C-22, C-22" and ¢ = 133.8 ppm to C-18, C-18' of the phenyl rings attached to
methine carbons at C-6 and C-10. Further, the signals at 6 = 124.8 ppm are attri-
buted to C-25, C-29, 6 = 125.9 ppm to C-27, 6 = 129.9 ppm to C-26, C-28, d =
= 137.5 ppm to C-24 of the phenyl ring attached to pyrazolone ring.

The pyrazol-3-one anion 6 was formed by deprotonation of the active meth-
ylene group of pyrazol-3-one 2 in the presence of triethanolamine which gener-
ates the enolate intermediate 7, Scheme 2. Then, the enolate intermediate 7 was
added to dibenzalacetone 2 via Michael addition. The first Michael adduct thus
formed underwent second intramolecular Michael addition under a similar react-
ion path to obtain the spiro intermediate 3. Thereafter, the isolated spiro intermedi-
ate 3 reacted with two equivalents of aryl aldehydes, in the presence of sodium
ethoxide, through Aldol condensation to produce the diarylidene derivative 5.
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\Y
O ph HC=Ar
5

Scheme 2. Plausible mechanism of the synthesized compounds.

DFT study was performed for compound 3 and 5b using DFT B3LYP/6-
-31++g(d,p). The optimized structures of compound 3 and 5b are given. The
optimized parameters of structure 3 and Sb are provided in the Supplementary
material.

The optimized structure of compound 3 based on DFT study reveals that N-
-phenyl, C-6 phenyl and C-10 phenyl rings are in propeller shape (Fig. 2).

In compound 5b, the bond angles A (2,1,5), A (1,2,3),A (2,3,12), A (2,3,4),
A (5,4,6), A (5,4,10), A (7,8,16), A (7,8,9), A (7,53,64), A (9,52,54), A (4,10,15),
A (10,9,52) and A (6,7,53) are 108.7814, 112.0698,127.6833, 105.8661, 110.69,
116.1912, 123.1589, 114.7374, 132.4845, 133.5168, 113.1059, 133.2194 and
133.0574°, respectively (provided in Supplementary material).

In the arylidene derivative 4-methyl-(7E,9E)-7,9-bis-(4-cyano-benzylidene)-
-2,6,10-triphenyl-2,3-diazaspiro[4,5]dec-3-ene-1,8-dione (5b) with the minimum
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energy of —55133.6 eV, both p-CN phenyl groups and the carbonyl function are
trans to each other across the double bonds (Fig. 2).

Energy =-35465.9 eV Energy =-55133.6 eV
Fig. 2. Optimizedstructure of compound 3 and 5b.

Microbial test

All the synthesized compounds Sa—f were analyzed for their antibacterial
and antifungal activity. All compounds showed variable antibacterial activity
against the Gram-negative bacteria (Pseudomonas aeruginosa and Escherichia
coli) and Gram-positive bacterium (Staphylococcus aureus). However, none of
the compounds showed activity against Streptococcus pyrogenes. Two com-
pounds, 5a and 5c¢, were found to be most effective against S. aureus with a zone
of inhibition of 25.2 and 24.1 mm, respectively. Compounds 5a and 5¢ showed
higher inhibitory effect with the respective zone of inhibition of 23.7 and 22.1
mm against Gram-negative bacteria P. aeruginosa and 22.8 and 20.4 mm,
respectively, against E. coli (Table II).

TABLE II. Antibacterial activity of novel siro derivatives through agar well diffusion method

Diameter of the zone of inhibition?, mm

Gram-positive Gram-negative

Compound - -

S. aureus S. pyrogenes P. aeruginosa E. coli

MTCC (3615) MTCC (442) MTCC (424) MTCC (443)

Sa 25.2 b 23.7 22.8
5b 18.6 - 14.1 13.4
5¢ 24.1 - 22.1 204
5d 16.2 - 16.1 14.9
5e 13.2 - 15.3 12.3
5f 14.7 - 22.9 17.5
Ciprofloxacin 26.7 24.3 25.0 26.3

*Values including diameter of the well (8 mm) and are mean of the three replicates; ®no activity
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However, in the case of fungi, two compounds, 5S¢ and 5e, were found to be
very effective against Candida albicans with the zone of inhibition of 15.8 and
15.1 mm, respectively. Two compounds, 5d and Se, were found to be most effec-
tive against Aspergillus niger and Aspergillus clavatus with the zone of inhibit-
ion of 18.6 and 18.8, and 16.9 and 17.1 mm, respectively (Table III).

TABLE III. Antifungal activity of spiro derivatives through agar well diffusion method

Diameter of the zone of inhibition?, mm

Compound C. albicans A. niger A. clavatus
MTCC (227) MTCC (282) MTCC (1327)

Sa 13.1 10.8 14.3

5b _b _ —

Sc 159 10.1 11.3

5d 11.6 18.6 16.9

Se 15.1 18.8 17.1

5t 12.3 12.8 13.1
Amphotericin B 16.6 19.3 17.2

*Values including diameter of the well (8 mm) and are mean of the three replicates; ®no activity

The MIC of tested compounds ranged between 8 and 512 pg mL-! against
bacteria and ranged between 16 and 512 pg mL-! against fungal strains. Com-
pound 5a was found to be the most effective synthetic derivative having the low-
est MIC value and the widest spectrum of antibacterial activity as compared to
the other tested compounds. The MIC value for compound 5a was 8 pg mL-!
against S. aureus, 16 ug mL-! against P. aeruginosa and 32 pg mL-! aagainst E.
coli. Compound 5c also showed remarkable broad spectrum antibacterial activity
against both Gram-positive and Gram-negative bacteria except S. pyrogenes. The
MIC value for compound 5S¢ was 16 ug mL-! against S. aureus, 32 ng mL-!
against P. aeruginosa, and 64 pg mL-1 against E. coli. Besides, compound 5f
showed strong antibacterial effect against P. aeruginosa with the MIC value of
32 pg mL-! but showed poor and non-detectable antibacterial activity against E.
coli and S. aureus (Table IV).

Based on the MIC calculated for pathogenic fungi, compound 5e displayed
broad spectrum antifungal activity with the MIC value of 16 pg mL~! against C.
albicans, 16 ng mL-! against 4. niger and 16 pg mL-! against 4. clavatus.
Compound 5¢ showed promising antifungal activity against C. albicans with the
MIC of 16 pg mL-1 but was observed to be ineffective against 4. clavatus and A.
niger. Compound 5d showed strong antifungal activity against 4. clavatus and A.
niger with the MIC of 16 and 32 pg mL-!, respectively, but showed no activity
against C. albicans (Table V).

The results obtained in the present study are in line with our previous report
showing the promising antimicrobial activity of diazaspiroundecanetetraone deri-
vatives against E. coli, B. cirroflagellosus, A. niger and C. albicans.!” Several
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studies show that the antifungal activity of compounds depends on the presence
of electron donating or withdrawing substituent in para position in aromatic scaf-
fold.30 The antibacterial activity of the compounds 5a and 5¢ could therefore be
attributed to the present electron withdrawing group such as the bromo group and
nitro group, surrounded by high electron density.4 However, the cellular mecha-
nism underlying the bactericidal and antifungal action of nitro, bromide, and
methyl substituted spiro diarylidene derivatives need further investigation.

TABLE IV. Minimum inhibitory concentration (ug mL!) of spiro diarylidene derivatives
against bacterial species using microbroth dilution method

Bacteria

Compound Gram positive .Gram negative .

S. aureus S. pyrogenes P. aeruginosa E. coli

MTCC (3615) MTCC (442) MTCC (424) MTCC (443)

5a 8 16 32 128
5b 256 256 512 -
5¢ 16 32 64 16
5d 256 128 128 256
Se 512 512 512 16
5f 512 32 128 128
Ciprofloxacin 8 8 16 Nt

TABLE V. Minimum inhibitory concentration (ug mL™') of spiro diarylidene derivatives
against fungal species using microbroth dilution method

Fungi
Compound C. albicans A. niger A. clavatus
MTCC (227) MTCC (282) MTCC (1327)

5a 13.1 10.8 14.3

5b - - -

5¢ 15.9 10.1 11.3

5d 11.6 18.6 16.9

5e 15.1 18.8 17.1

5f 12.3 12.8 13.1
Amphotericin B 16.6 19.3 17.2

CONCLUSION

The present study demonstrates a rapid and novel microwave assisted
method for synthesis of a series of pharmacologically important spiro diarylidene
compounds from 4-methyl-2,6,10-triphenyl-2,3-diaza-spiro[4,5]dec-3-ene-1,8-
-dione in high yield in comparison to conventional methods. The study further
establishes antimicrobial and antifungal behaviour of some of the synthetic deri-
vatives which could have significant clinical application in developing better
antibiotics against infectious organisms. The obtained results indicate that 4-NO»
derivative (compound 5a) and 2,4,6-(OCH3)3 derivative (compound Se) may
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have considerable potential for therapeutic application as a novel wide spectrum
drug candidate against bacterial and fungal infections respectively. However,
further studies are needed to evaluate their efficacy as drug candidates.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/10319, or from the corres-
ponding author on request.
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U3BOL
MUKPOTAJIACHA CHHTE3A HOBUX CITUPO IUAPUJIIENEHA U UCITUTHUBAILE
BUXOBE AHTUMHUKPOBHE AKTHUBHOCTHU

SABITA SHROFF', PRAJNA P. MOHANTA', ISWAR BAITHARU?, BHAWANI P. BAG’ 1 AJAYA K. BEHERA'
'Organic Synthesis Lab, School of Chemistry, Sambalpur University, Jyoti Vihar, Odisha-768019, India,
Toxicology Lab, P.G. Dept. of Environmental Sciences, Sambalpur University, Jyoti Vihar, Odisha-768019,
India u *Biotechology and Bioinformatics Lab, Sambalpur University, Jyoti Vihar, Odisha-768019, India

Hcrutana je dp3a cuHTesa cepuje HoBux 7,9-0uc-(apunupeH)-4-mernn-2,6,10-tpude-
HWI-2,3-gua3acnupol4,5]nen-3-eH-1,8-010Ha, MOMOTHYTa MUKPOTalaCHMa, Ca BUCOKUM IPH-
HOCOM. [IUCIIUpO JuapwiIWIeH NepuBaTH KOjU CafpKe asoT W o,f-He3acuheHe KeTo-TpyIe,
CUHTETHCAHM Cy peaklidjama aJfoJiHE KOHIeH3auuje, npaheHe gexupparauujom, usmeby 4-
-MeTtun-2,6,10-tpudenunn-2,3-guasacnupo(4,5]nen-3-eH-1,8-guoHa 1 ofnrosapajyhux apui-
anpgexupna. JJoOHjeHH CMPOApUIHMAECHCKH NEpUBATH OKapakTepucaHu cy IC, "H- ®C-NMR u
macenuM cnektpuma. DFT (density functional theory) mpopauyHu usspiuieHu cy nomohy
mporpama Gaussian 09. UnuraHa je aHTHUMHMKPOOHA aKTMBHOCT CHHTETHCAHUX [IepHUBaTa
npema nse ['paM-nio3uTvBHE U JBe ['paM-HeraTHBHE DaKkTepHje U IpemMa TPU BPCTE [TbUBULIA
IUCK-TU(DY3MOHOM MeTofoM. MHUHMManHa WHXUOUTOpHA KoHLeHTauuja (MIC) ompehena je
MUKpOOPOT TeEXHUKOM pa3bnakuBama. Ha ocHOBY modujeHnx pesynTara Mokas3aHo je ga jefu-
mewa 5a ¥ 5¢ koja nocenyjy 4-NOz u 5-Br-2-OH cyncturyenTe umajy Behy akTUBHOCT ITpeMa
I'pam-nio3utBHOj BakTepuju Staphylococcus aureus, ca MIC BpenHocTiMa 8 U 16 pg mL™”,
penoMm, U Ija Cy yMepeHO akTHBHU npeMa ['pam-HeraTuBHUM DakrepHjama Pseudomonas aeru-
ginosa and Escherichia coli y mopehemwy ca OpyruM TECTUPAHUM jefHUmbemUMa. Unak, HU jemHo
0l TECTUDaHHUX jefIUmemha He T0Ka3yje akTUBHOCT IpeMa Strepfococcus pyrogenes. Jenumeme
5e ca 2,4,6-(OCHs3)3CeHs CTpYKTypHHM OE€I0M NOKasyje WHPH CHEKTap akTHBHOCTH NpeEMa
CBUM COjeBHMMa IJbUBHULIA, Al HE [TOKa3yje aHTUDAKTEPHjCKY aKTUBHOCT.

(TTpumisero 23. janyapa 2021, peuaupaso 22. dpedpyapa, npuxsaheso 30. mapra 2022)
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