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The study of the antimicrobial activity of ethylene-N,N’-
bis(spiroindole-3,3’-pyrrolo[3,4-c]pyrrole-2a’,5a’-dihydro-
2,2’,6’(1H,1’H,5’H)-trione) derivatives

Aim. To find compounds with the antimicrobial activity in the series of N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]
pyrrol-2a’,5a’-dihydro-2,2’,6’(1H,1'H,5’H)-trione) derivatives.

Materials and methods. The antimicrobial activity was studied by the agar diffusion method.

Results and discussion. The antimicrobial screening data revealed the pronounced biological activity of ethylene-
N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]pyrrol-2a’,5a’-dihydro-2,2’,6’(1H,1'H,5’'H)-trione) derivatives against gramnegative
(Proteus vulgaris, Escherichia coli, Pseudomonas aeruginosa) and grampositive (Staphylococcus aureus, Bacillus
subtilis) bacteria and as well as against Candida albicans fungi.

Conclusions. The antibacterial activity of ethylene-N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]pyrrol-2a’,5a’-dihydro-
2,2',6'(1H,1’H,5’H)-trione) derivatives has been studied. The compounds with a significant level of the antimicrobial
activity against gramnegative bacteria (Proteus vulgaris, Escherichia coli, Pseudomonas aeruginosa), grampositive
bacteria (Staphylococcus aureus, Bacillus subtilis), as well as against fungi (Candida albicans) have been found.
According to the data of the microbiological screening the most active compounds appeared to be ethylene-N,N’-
bis(spiroindole-3,3’-pyrrolo[3,4-c]pyrrol-2a’,5a’-dihydro-2,2’,6'(1H,1'H,5’H)-trione) 1 and ethylene-N,N’-bis(spiroindole-
3,3’-pyrrolo[3,4-c]pyrrol-5'-methyl-2a’,5a’-dihydro-2,2’,6’(1H,1’H,5’'H)-trione) 2.
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HocnigxeHHA aHTUMIKPOOGHOI akTUBHOCTI noxigHux etuneH-N,N’-6ic(cnipoingon-3,3’-

nipono[3,4-c]nipon-2a’,5a’-aurigpo-2,2’,6’(1H,1’H,5’ H)-TpnoHy)

MeTa po60Tu — BMSIBNEHHS CMOMYK 3 aHTUMIKPOOHOI akTUBHICTIO B psaay noxigHux etuneH-N,N’-6ic(cnipoiHgon-
3,3’-nipono[3,4-c]nipon-2a’,5a’-gurigpo-2,2’,6’(1H,1'H,5’' H)-TpunoHny).

Marepianu Ta meToau. [JoCnimKeHHA aHTUMIKPOOHOT akKTMBHOCTI MeTo4oM Andy3ii B arap y MogmdikaLii konogsasis.

PesynbsraTty Ta ix o6roBopeHHs. [laHi MiKpoGionoriYHOro CKpuHiHIy nokasanu BupakeHy GionoriyHy Aito noxia-
Hux etuneH-N,N’-6ic(cnipoingon-3,3’-nipono[3,4-c]nipon-2a’,5a’-avrigpo-2,2’,6’(1H,1’H,5’H)-TpnoHy) BiGHOCHO rpam-
HeraTuBHWX Proteus vulgaris, Escherichia coli, Pseudomonas aeruginosa i rpamno3ntuBHux 6aktepint Staphylococcus
aureus, Bacillus subtilis Ta rpubis Candida albicans.

BucHoBku. [JocnigpkeHo aHTnbakTepianbHy akTuBHICTb noxigHux etuneH-N,N’-6ic(cnipoingon-3,3’-nipono[3,4-c]
nipon-2a’,5a’-aurigpo-2,2’,6'(1H,1'H,5’H)-TpuoHny). BusiBneHi cnonyku 3i 3Ha4HMM piBHEM GionoriyHOi akTUBHOCTI Bif-
HOCHO rpamHeraTuBHux 6aktepin: Proteus vulgaris, Escherichia coli, Pseudomonas aeruginosa, rpaMno3uTUBHUX
bakTepin: Staphylococcus aureus, Bacillus subtilis Ta rpnbis Candida albicans. 3a gaHnMn Mikpo6ionoriyHoro ckpu-
HiHry HanbinbL akTUBHMMM BUsiBunuch cnonyku: etunen-N,N’-6ic(cnipoingon-3,3’-nipono[3,4-c]nipon-2a’,5a’-gurigpo-
2,2',6’(1H,1'H,5'H)-tpuoH) 1 Ta etunen-N,N’-6ic(cnipoiHgon-3,3’-nipono[3,4-c]nipon-5-metnn-2a’,5a’-gurinpo-2,2’,6’
(1H,1’H,5'H)-TpuoH) 2.

Knrovoei cnoea: bic-cripo-2-okciHdorn; nodeiliHi niku; 6akmepii; aHmubakmepiarnbHi 3acobu

E. W. Ciomka, T. . OconogyeHrko, B. I1. YepHbix, J1. A. Lemuyk

UccnepoBaHue aHTUMUMKPOOHOW aKTUBHOCTU NMPOU3BOAHbIX 3TUNeH-N,N’-

6uc(cnupounHgon-3,3’-nuppono[3,4-clnuppon-2a’,5a’-aurnapo-2,2’,6’(1H,1’H,5’ H)-TpnoHa)

Llenb paboTbl — 06Hapy>xeHne coeanHeHNIN C aHTUMUKPOBOHOM akTUBHOCTLIO B Py NPou3BoaHbIX atuneH-N,N’-
6uc(cnupounngon-3,3’-nuppornol[3,4-clnuppon-2a’,5a’-gurngpo-2,2’,6’'(1H,1’H,5’H)-TproHa).

Matepuansi u metoabl. ViccnegoBaHne aHTUMUMKPOOHONM akTMBHOCTU MeToaom Anddpy3un B arap B mogudmka-
LMn KOropaLeB.
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PesynbraTtbl U ux obecyxaeHue. [JaHHble MUKPOOMONOrMYECKOro CKpUHKHIA nokasanu BblpaxeHHoe buonoru-
yeckoe OeNCTBUE CUHTE3NMPOBAHHbLIX COEAMHEHUIN OTHOCUTENBHO rpamoTpuuaTensHblx Proteus vulgaris, Escherichia
coli, Pseudomonas aeruginosa, rpamnonoxuTenbHbix 6aktepuin Staphylococcus aureus, Bacillus subtilis n rpnoos

Candida albicans.

BbiBoabl. ViccnenoBaHa aHTubakTepranbHasa akTMBHOCTb Npon3BoaHbIx atuneH-N,N’-6uc(cnnponHgon-3,3’-nnppono
[3,4-clnuppon-2a’,5a’-anrngpo-2,2’,6’'(1H, 1’H,5’'H)-TpmoHa). O6HapyKeHbl COEAMHEHUS! CO 3HAYUTENBHBIM YPOBHEM
6rONorMyYeckon aKkTMBHOCTM OTHOCUTENBHO rpamMoTpuUaTenbHbIx 6akTepwii: Proteus vulgaris, Escherichia coli, Pseudomonas
eruginosa, rpamnonoxutensHblx 6aktepuin: Staphylococcus aureus, Bacillus subtilis v rpubos Candida albicans.
Mo AaHHBIM MUKPOBMONOrMYEeCKOro CKpMHMHIA Hanboree akTMBHbIMUK OKa3anucb coeauHeHus: atuneH-N,N’-6uc
(cnupownngon-3,3’-nuppono[3,4-clnuppon-2a’,5a’-gurmapo-2,2’,6'(1H,1'H,5’ H)-tpuon) 1 n atunen-N,N’-6uc(cnvponHpon-
3,3’-nuppono[3,4-clnnppon-5-metun-2a’,5a’-gurngpo-2,2’,6’(1H,1’H,5’'H)-tpunoHn) 2.

Knroueenie cnoea: 6uc-criupo-2-okcuHOon; d8oliHble niekapcmea; bakmepuu; aHmubakmepuarsbHbie cpedcmea

According to the data published by the WHO, infec-
tious diseases are the 4th ranked cause of mortality in
the world. More than 17 million people die of an infec-
tious pathology per year [1]. Difficulties of treatment
and prevention of these diseases are caused by a variety
of biological forms of causative agents, permanent arising
of resistant forms of strains and by emergence of new
kinds of dangerous pathogens. Therefore, creation of new
antimicrobial drugs is topical issue of medicinal chemistry.

Recently, in synthetic chemistry much attention is
paid to spirocombined pyrrolooxindoles, which core is
the basis of natural alkaloids that exhibit a pronounced
antibacterial activity [2]. The spatial arrangement of the
pyrrolooxindole core is the probable reason for its strong
binding with tridimensional sites of biotargets in a micro-
bial cell [3]. Since most of the known inhibitors of micro-
bial enzymes have a plane or almost plane structure, they
can not bind with specific fragments into biotargets above
and below of the molecule plane. This is the cause of
their low selectivity [4].

On the other hand, such chemical classes as bis-spiro-
oxindoles, dispirioxindoles and bis-spiroindoles are of
great interest for creation of double drugs. It has been
proven that development of biologically active compounds
comprising two similar pharmacophors bound by the co-
valent bond leads to a significant increase of the biological
activity [5]. Thus, the bis-spirooxindole core is the basis
of such alkaloids as geleganidine C, geleganimine B, bi-
pleiophylline possessing the antibacterial activity (Fig. 1) [6-9].

Thus, the search of new antimicrobial agents among
derivatives of bis-spiro-2-oxindole-3,3'-pyrrole is the pro-
mising way to create new effective drugs.

Earlier it was found [10] that [3+2]-cycloaddition
of two-fold excess of azomethine ylides generated in situ
from isatines and aminoacids to 1,6-bismaleinimidohe-
xane led to formation of hexamethylene-N,N’-bis-spiro-
indole-3,3’-pyrrolo[3,4-c]pyrrol-2a’,5a’-dihydro-2,2",6
(1H,3’H,5’ H)-triones. These compounds showed a signifi-
cant antibacterial activity. In continuation of the studies
devoted to the search of new antibacterial agents we syn-
thesized the series of ethylene-N,N’-bis(spiroindole-3,3’-
pyrrolo[3,4-c]pyrrole-2a’,5a’-dihydro-2,2°,6°(1H,1’H,
5’H)-trione) derivatives [11] (Fig. 2).

N,N’-Di(3-carboxypropenoyl)-1,2-ethylendiamine
was used as a dipolarophile for preparing compounds
cited above. This reagent is similar to the antibacterial

drug Ethambutol ((2S,2°S)-2,2’-(Ethane-1,2-diyldiimi-
no)dibutan-1-ol) by its chemical structure [12]. The aim
of the current research was to investigate the antibac-
terial properties of the substances synthesized against
standard types of microorganisms (gram-positive and
gram-negative).

Materials and methods

The microbiological studies were performed at the
premises of the State Institution “Institute of Microbiology
and Immunology named after I. I. Mechnikov of the
National Academy of Medical Sciences of Ukraine”.

According to the WHO recommendations [13, 14]
and recommendations of the Ministry of Health of Ukraine
[15, 16] Staphylococcus aureus — ATCC 25923, Esche-
richia coli — ATCC 25922, Pseudomonas aeruginosa
ATCC - 27853, Bacillus subtilis ATCC — 6633, Proteus
vulgaris — ATCC 4636 and Candida albicans — ATCC
885/653 were used as test-strains in our study.

In vitro evaluation of the antimicrobial activity of the
compounds synthesized was performed using the agar
diffusion method.

The suspension of microorganisms was prepared on
a Densi-La-Meter device (PLIVA-Lachema, Czech Re-
public; with the wavelength of 540 nm) according to the
instruction No. 163-2006 “Standardization of preparation
of microbial suspensions” [17-19]. Synchronization of cul-
tures was carried out at the temperature of 4 °C. The micro-
bial load was 107 microbial cells per 1 ml of the medium
and was determined according to McFarland standard. For
experiments the 18-24-hour culture of microorganisms
was used. For the research Muller- Hinton agar and Sabu-
ro-dextrose agar (for C. albicans) were used.

The sample of the compound studied (1 mg) was
dissolved in 1 mL of DMSO. 0.3 mL of the solution was
taken and introduced into wells on Petri dish with micro-
bial strains. Petri dishes were dried for 30-40 min at room
temperature and kept in a thermostat for 18 to 24 hat 37 °C.

The level of the antimicrobial activity was determi-
ned as diameters of inhibition growth zones around the
well with the compound studied. The results obtained were
compared with the strain growth in the control test.

Results and discussion

The results of the antimicrobial activity of ethylene-
N.,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]pyrrole-2a’,5a’-
dihydro-2,2°,6’(1H,1’H,5’ H)-trione) derivatives 1-10 are
given in Table.
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geleganimine B
antibacterial and anti-inflammatory activity

MeO,C_ H

MeO,C

bipleiophylline
cytotoxic and antimicrobial activity

OMe

geleganidine C

cytotoxic and antimicrobial activity

The hexamethylene-N,N’-bis(spiroindole-3,3’-pyrrolo
[3,4-c]pyrrole-2a’,5a’-dihydro-2,2°,6’(1H,1’H,5’ H)-trione)
derivatives previously studied showed a high antibacte-
rial activity against Staphylococcus aureus and a mode-
rate fungicidal activity against Candida albicans [10].
Ethylene-N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c|pyr-
role-2a’,5a’-dihydro-2,2’,6’(1H,1’H,5’ H)-trione) deriva-
tives 1-10 showed a wider range of the antimicrobial
activity. All microorganisms were sensitive to com-
pounds 1-10. Thus, the growth inhibition zones for all
compounds synthesized against Proteus vulgaris were
on average 1 mm larger compared to the reference drug
(Synthomycine). The growth inhibition zones against
Escherichia coli were on average 2 mm, while against
Pseudomonas aeruginosa was 5 mm larger for the com-
pounds studied compared to the reference drug. In the
case of gram-positive bacteria compounds 1-10 also sho-
wed a high activity (the growth inhibition zones against
Staphylococcus aureus, Bacillus subtilis were on average
3 mm larger compared to the reference drug). But the

Fig. 1. Alkaloids containing the bis-spirooxindole core

highest level of activity was found in relation to Can-
dida albicans fungi. The growth inhibition zones against
fungi were on average 7 mm larger compared to the re-
ference drug (Metronidazole). Thus, in general, the com-
pounds synthesized were even more active than the refe-
rence drugs Syntomycin and Metronidazole.

HN H
0N
o
] H

R =H, CH,, i-Pr, i-Bu, Ph, Bn, 4-OH-C¢H,-CH,-, CH,OH;
R'=H, CH;; R=R'= CH,-CH,-CH,
Fig. 2. The general formula of ethylene-N,N’-bis(spiroindole-3,3’-

pyrrolo[3,4-c]pyrrole-2a’,5a’-dihydro-2,2’,6°(1H,1’H,5’H)-trione)
derivatives
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Table
The antimicrobial activity of ethylene-N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]pyrrole-2a’5a’-dihydro-
2,2°6’(1H,1’H,5’H)-trione) derivatives 1-10
Diameter of the growth inhibition zones*, mm
Compound Grampositive bacteria Gramnegative bacteria Fungi
S. aureus B. subtilis E. coli P.aeruginosa| P.vulgaris C. albicans

1(R=R"=H) 16 20 20 22 19 23
2(R=CH;R'=H) 16 20 20 21 19 23
3 (R=i-Pr;R"=H) 19 21 19 22 18 22
4 (R=i-Bu; R"=H) 20 20 18 22 17 23
5(R=Ph;R"=H) 16 21 17 22 16 22
6 (R=i-Pr; R'=H) 19 19 20 22 18 23
7 (R=Bn;R'=H) 16 20 18 22 17 22
8 (R=4-OH-C,H,- -CH,-; R' =H) 15 20 18 22 17 22
9 (R=H;R"=CH,) 17 20 19 21 18 23
10 (R=R' = CH,-CH,~CH,) 15 21 19 22 18 22
Control growth growth growth growth growth growth
Synthomycine 14 17 17 17 17 0
Metronidazole 14 16 14 0 0 14

Note: * - The data presented are the mean values for three experiments relative to each microorganism culture.

CONCLUSIONS

The antibacterial activity of ethylene-N,N’-bis(spiro-
indole-3,3’-pyrrolo[3,4-c]pyrrol-2a’,5a’-dihydro-
2,2’,6°(1H,1’H,5’ H)-trione) derivatives has been stu-
died. The compounds with a significant level of the
antimicrobial activity against gramnegative bacteria
(Proteus vulgaris, Escherichia coli, Pseudomonas aeru-
ginosa), grampositive bacteria (Staphylococcus aureus,
Bacillus subtilis), as well as against fungi (Candida

albicans) have been found. According to the data of the
microbiological screening the most active compounds
appeared to be ethylene-N,N’-bis(spiroindole-3,3’-pyr-
rolo[3,4-c]pyrrol-2a’,5a’-dihydro-2,2",6°(1H,1’H,
5’H)-trione) 1 and ethylene-N,N’-bis(spiroindole-3,3’-
pyrrolo[3,4-c]pyrrol-5'-methyl-2a’,5a’-dihydro-2,2",6’
(1H4,1’H,5’ H)-trione) 2.

Conflict of Interest: authors have no conflict of in-
terests to declare.
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