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NOVEL SPIRO[INDOLINE-3,2'THIAZOLO|5,4-¢]PYRIMIDO[1,2-a]PYRIMIDINE] DERIVATIVES
AS POSSIBLE ANTI-DERMATOPHYTIC & ANTI-CANDIDIASIS AGENT
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A novel series of 5'-benzylidene-3'-phenylspiro[indoline-3,2'-thiazolidine]-2,4'(1H)-diones 6a-d and
spiro[indoline-3,2'-thiazolo[5,4-e]pyrimido[ 1,2-a]pyrimidin]-2(1H)-one 9a-d derivatives have been synthesized.
All the newly synthesized compounds were evaluated for antifungal and anti-candidiasis activity by using Disc Diffusion
and Modified Microdilution methods. The antimicrobial experiments have shown that the synthesized compounds
demonstrated broad-spectrum antifungal activity in vitro. Among them, compounds 9a-9d had stronger antifungal
activity against Trichophyton rubrum, Trichophyton mentagrophytes, and Candida albicans; compounds 6a-d also
showed significant antifungal activity against selected fungal strains as compared to ketoconazole, the reference
antifungal drug. The evaluation of antifungal activity against drug-resistant fungal variants showed that the designed
compounds had significant antifungal activity against the tested variants. The combination of compounds
(6a-d) and (9a-d) exhibited that the synthesized compounds had synergistic effects or additive effects. These results
demonstrated that the synthesized compounds were putative chitin synthase inhibitors exhibiting broad spectrum
antifungal activities. The present results indicate that novel spiro pyrimidine derivatives can be used as an active

pharmaceutical ingredient for novel drug candidate for treatment of dermatophytosis and other fungal agents.
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INTRODUCTION

Emerging infectious diseases and the increasing
number of multi-drug resistant microbial pathogens still
make the treatment of infectious diseases an important
and pressing global problem. Therefore, a substantial
research for the discovery and synthesis of novel classes
of antimicrobial agents is needed [1, 2]. It is reported
that nearly a billion people have been affected by fungal
infection ranging from superficial infections to potentially
life-threatening invasive infections [3, 4]. In the face
of the increasing number of population suffering HIV,
tuberculosis, pneumonias, and cancer, the invasive fungal
infection became the main cause of the mortality of these
immunodeficiency or immunosuppressive patients
(about 1.5 million deaths were reported annually);
more than 80% of these deaths are occurring due to
the invasive infections caused by Candida, Aspergillus,
and Cryptococcus species [5]. There are only a few
classes of systemic antifungal drugs used in clinical
practice (azoles, polyenes and echinocandins) [6] and
even the recent class (echinocandins) was discovered
thirty years ago [7]. Furthermore, emergence
of multidrug-resistant clinical fungal variants (against
two or even three classes of antifungals) compromised
the efficacy of current therapeutic methods [8, 9].
The scarcity of antifungal agents, coupled with
the rapid spreading of drug resistance of fungi,
highlights the urgent need for new drugs to cope with
the increasingly serious problems of fungal infections.
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Chitin, a polymer of B-(1,4)-N-acetyl-d-glucosamine
(GleNAc), is an essential polysaccharide of the fungal
cell wall; it plays an important role in maintaining
cell morphology and function. Chitin synthase (CHS)
polymerizes GIcNAc into chitin from substrate
UDP-GIcNAc. Inhibition of CHS interrupts chitin
synthesis and leads to cell death.

Since CHS 1is absent in mammals inhibitors
of this enzyme would not exhibit side-effects
typical of pharmacological agents currently in clinical
practice [10, 11], Furthermore, when the biosynthesis
of B-(1,3)-glucan is inhibited by the antifungal
echinocandins (semisynthetic lipopeptides), the fungal
cells could survive due to increased formation
of chitin, thus promoting the fungal resistance
to echinocandins [12, 13]. Thus, besides the development
of new antifungal drugs, inhibition of chitin synthesis
would increase the sensitivity of the fungal cell
to echinocandins during combined use of echinocandins
with CHS inhibitors.

The aim of this study was to design and
develop  highly  selective and efficacious
antimicrobial agents of a novel series of pyrimido
pyrimidine derivatives bearing different heterocyclic
and aryl moieties. Prompted by the varied
biological activities of pyrimido pyrimidine
derivatives, we envisioned our approach towards
the antimicrobial screening of a novel series
of pyrimidine derivatives.
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MATERIALS AND METHODS

Chemical Methods

All the chemical synthesis of 5'-benzylidene-3'-
phenylspiro[indoline-3,2'-thiazolidine]-2,4'(1H)-diones
6a-d and spiro[indoline-3,2'-thiazolo[5,4-e]pyrimido
[1,2-alpyrimidin]-2(1H)-one 9a-d derivatives was
carried as described in details in [14]. The scheme given
below (Fig. 1) illustrates the main steps of the synthetic
process. The purity of compounds was checked on thin

layers of silica gel in various non-aqueous solvent
systems, for example benzene:ethylacetate (9:1),
benzene:dichloromethane (8:2). IR spectra (KBr) were
recorded on a Magna FT IR-550 spectrophotometer
and 'H NMR and "C NMR spectra were recorded
on Bruker DRX-300 using CDCl; at 300.15 and 75.46
respectively. Tetramethylsilane (TMS) was used
as an internal reference. Mass spectrum
of the representative compound was recorded
on Kratos 50 mass spectrometer at 70 eV.
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Figure 1. The scheme illustrating the main steps of the synthesis of desired compounds.
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Biological Methods

(a) In vitro screening of the synthesized compounds
using Disc Diffusion method. The synthesized
compounds were screened for their antifungal
activity against Trichophyton rubrum, Trichophyton
mentagrophytes, and Candida albicans by the disc
diffusion method [15]. Standard size Whatman no.l
filter paper discs, 6.0 mm in diameter, sterilized
by dry heat at 140°C in an oven for one hour were used
to determine the antifungal activity. SDA medium
for disc diffusion test was prepared. After sterilization,
it was poured into sterilized petriplates and
allowed to solidify. A suspension that was just turbid
by visual inspection was prepared by suspending
in 0.9% NaCl solution and the homogeneous
suspension was used for inoculation and test inoculum
was maintained at (1-5)x10° CFU/ml. The spore
suspension of each of the fungi was prepared
from 8 to 10-day-old cultures separately. The suspension
was vortexed and 0.1 pl aliquots were spread over
the respective agar medium plates. Sterilized filter paper
discs were soaked in 50 mg/ml concentration of pure
compounds. Similarly, two mixtures of compounds
(one from 6a-6d series and another one from
9a-9d series) were also used in the same concentration
(50 mg/ml) for comparison to the reference antifungal
drug. The reference drug (Ketoconazole antibiotic)
was used at the 50 mg/disc concentration impregnated
in the filter-paper discs for evaluation of its antifungal
activity. These discs were then placed over the plates
preceded with respective microorganisms. The plates
were incubated at 30°C for 48—72 h. Three replicates
were kept in each case and average values were
calculated. The diameter of the inhibition zones was
measured in mm and the activity index was calculated
on the basis of the size of the inhibition zone (IZ).
The activity of compounds was evaluated using
the following formula:

Inhibition zone of Compound

Activity Index " Inhibition zone of the reference drug’

Determination of Minimum Inhibitory Concentration
by the Modified Microdilution Method [16].
The Minimum Inhibitory Concentrations (MIC)
of a mixture of compounds against 7. rubrum,
T. mentagrophytes, and C. albicans were determined

Table 1.

by the microdilution method with slight
modification [16]. Sterilized Brain heart infusion
semisolid agar media were poured into the sterilized
culture tubes and allowed to solidify. Test inoculum
was prepared in 0.9% NaCl solution, the suspension
was vortexed properly. Different concentrations
of the mixture of compounds were added in media
containing culture tubes, afterwards a standard
platinum loopful (~0.005 ml, Himedia, Flexiloop)
of the innoculm suspension was inserted deep into each
tube of medium containing a different concentration
of compounds as well as compound free control.
Different concentrations of compounds were added
in media to find the lowest concentration at which
no growth visually observed in media. The culture
tubes were then incubated at 28°C for 48-72 h
to determine the MIC. MIC was defined as the lowest
concentration that did not yield visual growth
after the incubation period. All experiments
was performed in triplicates.

RESULTS AND DISCUSSION

There is a clear need in the development of new and
effective antifungal agents, firstly, because of a limited
repertoire of antifungal drugs and, secondly,
emergence of fungal resistance to known antifungal
agents. In this context, significant efforts are being
undertaken to inhibit specific fungal enzymes involved
in different biochemical pathways for the development
of antifungal drugs. On the basis of previous published
paper [14] a series of 5'-benzylidene-3'-phenylspiro
[indoline-3,2'-thiazolidine]-2,4'(1 H)-diones 6a-d and
spiro[indoline-3,2'-thiazolo[5,4-e]pyrimido[1,2-a]
pyrimidin]-2(1H)-one 9a-d derivatives have been
synthesized (Table 1). In the present study, these
compounds were screened for antidermatophytic
and anti-candidiasis activity for the treatment
of fungal infections.

Screening of compounds (Spiro 6a-d and 9a-d
derivatives) using the disc diffusion and MIC
(minimum inhibitory concentration) method against
T rubrum, T. mentagrophytes, and C. albicans.
T rubrum and T mentagrophytes are known
to be the main etiological agent of dermatophytosis
and to date no antidermatophytic activity of novel
series of 5'-benzylidene-3'-phenylspiro[indoline-3,2'-

Synthesis of 5'-benzylidene-3’-phenylspiro[indoline-3,2'-thiazolidine]-2,4'(1H)-diones 6a-d and

spiro[indoline-3,2'-thiazolo[5,4-e]pyrimido[ 1,2-a]pyrimidin]-2(1H)-one 9a-d derivatives [14]

Compound X Y V4 Time (min) Yield (%) Temp (°C)
6a H 4-Cl 4-N(CHjs), 6-8 88 243-245
6b 5-Br 4-CH, 4-OCHj; 6-38 92 254-256
6c 5-CH, 4-Cl 4-N(CH;), 6-8 89 136-138
6d H 4-F 4-N(CHjs), 6-38 87 183-185
9a H 4-Cl 4-N(CHj3), 7-8 88 140-145
9% 5-Br 4-CH,4 4-OCHj3 7-8 89 213-215
9 5-CH, 4-Cl 4-N(CH3), 7-8 83 203-205
9d H 4-F 4-N(CHy), 7-8 84 279281
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thiazolidine]-2,4'(1H)-diones 6a-d and spiro[indoline-
3,2'-thiazolo[5,4-e]pyrimido[ 1,2-a]pyrimidin]-2(1 H)-one
9a-d derivatives have been reported. This explains
why the antimycotic studies have been performed using
T. rubrum, T. mentagrophytes, and C. albicans.
The results obtained showed the significant antifungal
activity of compounds used alone and in combinations.
Table 2 shows the results of the present work
on the antifungal activity of compounds against
T. rubrum, T. mentagrophytes, and C. albicans studied
by two different methods. Most of the synthesized
compounds exhibited excellent to good inhibition
activities against all the fungal strains. In the present
study, compound 9b showed excellent antifungal
activity against 7. rubrum; other compounds
9¢, 9d, 6a, 6b, 6d, and 6¢c were somewhat less active.
Compound 9b exhibited more potent activity than
ketoconazole against 7. rubrum, T. mentagrophytes, and
C. albicans. Other compounds were also more active
than the reference drug and their inhibitory activity
was comparable to the most potent compound (9b).

Table 3 shows results of evaluation of syngeristic
and additive inhibitory activity of mixtures
of compounds from 6a to 6d and from 9a to 9d (Fig. 2).
These experiments were performed using 7. rubrum,
T. mentagrophytes, and C. albicans and compared
with single compounds and the reference drug,
ketokonazole. The mixtures of compounds showed
excellent and synergistic antimycotic activity
as compared to single compounds and the reference
drug. The diameters of the inhibition zone (IZ) obtained
from the mixture of compounds (6a to 6d) at the total
concentration 50 pg/ml were 86 mm, 88 mm, and 89 mm
against 7. rubrum, T. mentagrophytes, and C. albicans,
respectively (Table 3). The results of determination
of the MIC value have shown that the mixtures
of compounds (6a-d) and (9a-d) exhibited inhibitory
action against 7. rubrum at the concentrations
of 0.07 mg/ml to 0.09 mg/ml (Table 4). At 0.07 mg/ml,
no growth of T rubrum was observed after
6 days of incubation at 28°C. Similarly, MIC values
of the mixture of compounds (6a-d) against

Table 2. Antifungal activity of synthesized novel spiro[indoline-3,2'-thiazolo[5,4-e]pyrimido[1,2-a]pyrimidine]
derivatives against T rubrum, T. mentagrophytes, and C. albicans

1Z of compounds (50 mg/ml) in mm
Compound
T. rubrum T. mentagrophytes C. albicans
6a 77 75 78
6b 75 74 72
6¢ 74 76 78
6d 73 72 76
9a 75 75 79
9b 85 78 75
9¢ 80 74 74
9d 76 82 85
Ketoconazole 48 45 40

Table 3. Antifungal activity of mixture of compounds (5'-benzylidene-3'-phenylspiro[indoline-3,2'-thiazolidine]-
2,4'(1H)-diones 6a-d and spiro[indoline-3,2'-thiazolo[5,4-e]pyrimido[1,2-a]pyrimidin]-2(1H)-one 9a-d) derivatives

against 7. rubrum, T. mentagrophytes, and C. albicans

Compounds Teststrain | 12 Of mixture of compounds | IZ of Ketoconazole |

T. rubrum 86 mm 48 mm 1.79

Mixture of compounds (6a-d) | 7. mentagrophytes 88 mm 45 mm 1.95
C. albicans 89 mm 40 mm 2.22

T. rubrum 84 mm 48 mm 1.75

Mixture of compounds (9a-d) | 7. mentagrophytes 82 mm 45 mm 1.82
C. albicans 87 mm 40 mm 2.17

Here, IZ = Inhibition zone (in mm) including the diameter of disc (6 mm), Al (Activity index).

Table 4. MIC of Mixture of compounds (5'-benzylidene-3'-phenylspiro[indoline-3,2'-thiazolidine]-2,4'(1H)-diones 6a-d
and spiro[indoline-3,2’'-thiazolo[5,4-e]pyrimido[ 1,2-a]pyrimidin]-2(1H)-one) 9a-d) derivatives against 7. rubrum,

T. mentagrophytes, and C. albicans

Mixture of Compounds Test Strain MIC
T. rubrum 0.07 mg/ml
6a-d T. mentagrophytes 0.08 mg/ml
C. albicans 0.09 mg/ml
T. rubrum 0.05 mg/ml
9a-d T. mentagrophytes 0.04 mg/ml
C. albicans 0.05 mg/ml
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6a-d

Figure 2. Antifungal activity of a mixture of compounds (9a-d and 6a-d) against: (A) T. rubrum; (B) T. mentagrophytes,

(C) C. albicans.

T. mentagrophytes and C. albicans were found
to be 0.08 mg/ml and 0.09 mg/ml respectively.
Another mixture of compounds (9a to 9d) also showed
significant inhibitory activity against 7. rubrum,
T. mentagrophytes, and C. albicans. The MIC values
of the mixture of compounds of this series against
T. rubrum, T. mentagrophytes, and C. albicans were
found to be 0.05 mg/ml, 0.04 mg/ml, and 0.05 mg/ml
respectively (Table 4). These results were observed
after 6 days, 12 days, 18 days, and 24 days; no growth
was observed up to 30 days at that low concentration.
Control was taken without addition of the mixtures
of compounds showed 100% growth of T. rubrum,
T. mentagrophytes, and C. albicans. These results
coincide with data by Hu et al., who reported
the antifungal activity of novel spiro-quinolinone
derivatives against C. neoformans, A. fumigatus, and
A. flavus as high as fluconazole [17]. These results
are also in agreement with data by Rani and Kunta,
who reported that pyrrolo[2,1-b]benzothiazole
derivatives 9a-e could effectively inhibit the growth
of the tested bacteria strains [18]. Pyrido[2,3-d]
pyrimidine ring systems have assorted biological
and pharmacological activities such as analgesic,
anti-inflammatory, antitubercular [19], antimicrobial
[20, 21], antiviral [22]; they also demonstrate
antioxidant properties and can act as inhibitors
of dihydrofolate reductase and glucosidase [23].
Our present findings suggest that both mixtures
of compounds are to be more additive, syngeristic,
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and effective in inhibiting the growth of 7. rubrum,
T. mentagrophytes, and C. albicans as compared
to the reference drug. These results indicate that
the mixtures of compounds as well as single compounds
can be used as antifungal agents against 7. rubrum,
T. mentagrophytes, and C. albicans. They also
could be considered as an active pharmaceutical drug
active ingredient (in various compositions) to combat
the fungal resistance in dermatophytosis (ringworm)
and candidiasis patients.

CONCLUSIONS

In summary, the synthesized 5'-benzylidene-3'-
phenylspiro[indoline-3,2'-thiazolidine]-2,4'(1H)-diones
and spiro[indoline-3,2'-thiazolo[5,4-e]pyrimido[1,2-a]
pyrimidin]-2(1H)-one derivatives exhibit promising
antifungal activity against dermatophytes and Candida.
Among the synthesized compounds, compound 9b
showed more potent inhibitory activity than standard
antifungal drug, ketoconazole and a mixture
of compounds (9a-d) exhibited excellent activity
as compared to single compounds and ketoconazole
against tested strains. Hence it is concluded that there
is enough scope for further study in the developing
these as good lead compounds. Moreover, this
preliminary study is encouraging to further explore
their broad spectrum pharmacological activities
particularly enzyme inhibition.
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HOBBIE MTPON3BOJAHBIE CIIMPO[MHIOJHNH-3,2'TUA30J0][5,4-¢]TIUPUMHUIO[1,2-a] THPUMHNINHA]
KAK BOSBMOXHOE AHTUAEPMATO®UTHOE U AHTUKAH/IUTO3HOE CPEICTBO

I Hlapma', P. Hlapma’*
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CuHTe3upoBaHa HOBas cepusi IPOM3BOAHBIX S5'-OeH3mMAeH-3'-heHuIcIupo| MHI0INH-3,2 -THA30IUANH |-
2,4'(1H)-muonoB 6a-d wm cnupo[unnonun-3,2'-tnazonol5,4-eJmupumuno|1,2-a|nupumuann]-2(1H)-ona 9a-d.
Bce cuHTE3MpoBaHHBIE COEOMHEHHS OBIIM HCCIEIOBAaHBI Ha MPOTHUBOAEPMATOGHUTHYIO M MPOTHBOKAHIUIO3HYIO
aKTMBHOCTh C HCIIOJIb30BaHHEM IHCKO-IU(dy3HOro Merona M MoAUGHUIMPOBAHHOIO METO/la MHUKPOpa3BeICHUSI.
OKCIIEPUMEHTBHl [0Ka3aJu, YTO 7 Vilro CUHTE3UPOBAaHHBIE COEIWHEHHS MPOSBISAIOT MPOTHBOIPUOKOBYIO
aKTHBHOCTH mHMpokoro cnekrpa. CoeanHenust 9a-d oOGmaganu Oosiee CHIIBHOM NPOTHBOTPUOKOBOW aKTHBHOCTHIO
npotus Trichophyton rubrum, Trichophyton mentagrophytes n Candida albicans; coenunenus 6a-d Takxe
MOKA3aJIM 3HAYUTEIbHYIO MPOTHBOIPHOKOBYIO aKTUBHOCTH IIPOTHB OTJEIBHBIX IITAMMOB TI'PHOOB IO CpPaBHEHHIO
C TIPOTHBOTPUOKOBBIM MpENApaToOM CPAaBHEHUS KETOKOHa3010M. OIeHKa MpPOTHBOTPHOKOBOI AKTUBHOCTH IPOTHB
JIEKapCTBEHHO-YCTOMYHMBBIX BapUAHTOB TPUOOB MMOKa3aja, 4YTo pa3pabOTaHHBIE COCAMHEHHUs 00NaNaloT 3HAYUTENLHOM
MPOTHUBOIPUOKOBON aKTUBHOCTh. KomOuHamms coemuHenuid (6a-d) u (9a-d) mokasana, 4TO CHHTE3UPOBAHHBIC
coeIMHEeHUsT 00JIalaloT CHHEPTUYEeCKUM WM aJJIUTUBHBIM JelicTBreM. CHHTE3UpOBAaHHBIE COECIMHEHHS IPOSBISIOT
MIPOTUBOTPHOKOBYIO aKTHBHOCTh IIMPOKOTO CIEKTPa, BO3MOXHO, JICHCTBYS B KauyeCTBE MHTHOMTOpa XUTHHCHHTA3HI.
[TomyueHHBIE pe3yNbTAThl CBUIETEIBCTBYIOT O TOM, YTO HOBBIE CHHMPONMPHMHUIMHOBBIE NPOM3BOAHBIE MOTYT OBITH
UCTIONb30BaHbl B KAa4deCTBE AKTUBHOTO (apMalleBTHUECKOTO HHIPEAMEHTa OISl CO3JaHHMS HOBBIX JIEKapPCTBEHHBIX
MpenaparoB JAJIst JISUSHUs! IepMaTOQUTHH U IPYTUX TPHOKOBBIX 3a00JICBaHUIA.

Tonnwlii mexem cmamou Ha pycckom sA3vike 00CmyneH Ha catime Jcyprana (hitp://pbmc.ibmc.msk.ru).
KiroueBble ¢Jj10Ba: 1epMaTo(GUTHS; THPHMHUIO-TIMPHMHINHOBBIC TPOU3BOIHBIC; TPUOKOBBIC areHThI; KOMOMHALIHS

(I)I/IHaHCI/lI)OBaHI/Ie. ABTOpLI HE NoJIyvain Q)HHaHCOBOﬁ MOAACPIKKHU JI1 TPOBECACHUA I/ICCHG)IOBaHI/Iﬁ, aBTOpPCTBaA W/Uau
ny6n1/11<au1/n/1 )IaHHOﬁ CTaThbH.

Ioctynmna B pegakuumto: 12.03.2024; mocne mopadotku: 06.06.2024; mpunsrta k medatn: 10.06.2024.

186



