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The synthesis of mono- and bis-derivatives of spiro-
2-oxindole[3,3’]pyrrole and the study of their antioxidant
and anti-inflammatory activities

Aim. To synthesize a series of mono- and bis-derivatives of spiro-2-oxindole[3,3’]pyrrole and study the antioxidant
and anti-inflammatory activity of the compounds obtained.

Materials and methods. Methods of organic synthesis and instrumental methods for determining the structure of
organic compounds were used. The antioxidant properties of the compounds synthesized were studied in vitro on the
model of spontaneous lipid peroxidation (LPO); the model of acute aseptic inflammation (carrageenan edema) was
used for determination of the anti-inflammatory (anti-exudative) activity.

Results and discussion. A series of novel spiro-2-oxindole[3,3’]pyrrole derivatives was synthesized by means of
the three-component cascade interaction of isatin, a-amino acids and dipolarophils based on bis-maleimids. In order to
broaden the range of compounds obtained nitroso derivatives of ethylene-N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]pyr-
role-5’-methyl-2a,5a’-dihydro-2,2’,6'(1H,1'H,5’H)-trione) 4 and hexamethylene-N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]
pyrrole-5’-benzyl-2a’,5a’-dihydro-2,2’,6’(1H,1’H,5’'H)-trione) 5 were synthesized. The structure of these compounds
was reliably confirmed by instrumental methods ("H NMR, IR-spectroscopy and chromatographic mass spectrometry).
The screening studies of the anti-inflammatory properties were conducted, they included the study of the antioxidant
action of the compounds synthesized in vitro. Three of the substances tested revealed the highest antioxidant properties
and were subsequently selected for further study of their anti-inflammatory activity. The data of the biological experi-
ments showed their pronounced anti-inflammatory properties on the model of carrageenan edema.

Conclusions. It has been found that the preparatory method of the three-component cascade transformation of
isatin, a-amino acids and dipolarophils based on bis-maleimides is effective for the synthesis of spiro-2-oxindole[3,3’]
pyrrole mono- and bis-derivatives. A series of hexamethylene- and ethylene-N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]
pyrrole-4’-nitroso-2a,5a’-dihydro-2,2’,6'(1H,1’H,5’H)-trione) symmetric derivatives have been obtained. The structure
of the compounds obtained has been confirmed. When studying the antioxidant activity of the compounds synthesized
it has been found that the most active substances are 1’-(hexamethylene-N-maleimido)-5’-benzyl-2a’,5a’-dihydro-1'H-
spiroindole-3,3’-pyrrolo[3,4-c]pyrrole-2,2',6'(1H,3'H,5’H)-trione 1; ethylene-N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]pyr-
role-4’-nitroso-5’-methyl-2a,5a’-dihydro-2,2’,6’(1H,1’H,5 H)-trione) 6; hexamethylene-N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]
pyrrole-4’-nitroso-5’-benzyl-2a,5a’-dihydro-2,2’,6(1H,1’H,5’H)-trione) 7. Compound 6 has also shown the anti-inflam-
matory activity at the reference drug level.
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CuHTe3 i gocnimxeHHA aHTUOKCUAAHTHOI Ta NpoTMU3anarbHOI aKTUBHOCTI

MOHO- Ta b6ic-noxigHux cnipo-2-okciHgon[3,3’nipony

MeTta poboTu — cuHTE3 psagy MOHO- Ta bic-noxiaHuX cnipo-2-okciHaon[3,3’]nipony Ta [OCNIOXKEHHS iX aHTUOKCH-
OaHTHOI Ta NpoTM3ananbHOi akTUBHOCTI.

MaTtepianu Ta metoau. MeToam opraHiyHOro CUHTE3Y, IHCTPYMEHTarnbHi METOAM BCTaHOBMEHHSI Bya0BW OpraHiy-
HMX CMOMYK, METOA AOCHIIKEHHS aHTUOKCUAAHTHMX BNAaCTUBOCTEN CUHTE30BaHUX CNOMNYK B YMOBaX in vitro Ha mogeni
CMOHTAHHOIO NepekMcHoro okMcHeHHs ninigis (MOJT), BUBY4EHHSI NpoTU3ananbHOI (aHTUEKCYAATUBHOI) aKTUBHOCTI Ha
MOZAENi roCTPOro acenTUYHOro 3ananeHHs 3a4HbOI KiHLiBKY (KapareHiHOBOro Habpsiky).

PesynkraTy Ta ix 06roBopeHHsi. BkoprcToByHO4M TPYKOMMOHEHTHE KackagHe NEPETBOPEHHS i3aTVHY 3 O-aMiHOKVCNIOTaMu
Ta gunonsapodinamu Ha OCHOBI Bic-ManeiHimMigiB CUHTE30BaHO psSA HOBUX MOXiAHMX chipo-2-okcigon[3,3’nipony.
[ns po3LmpeHHs uboro psaay 3aincHeHi xXimivHi nepetBoperHs etunen-N,N’-6ic(cnipoiHgon-3,3’-nipono[3,4-c]nipon-5-
meTun-2a’,5a’-gurigpo-2,2’,6'(1H,1’H,5’ H)-TpioHy) 4 i rekcameTunen-N,N’-6ic(cnipoinaon-3,3'-nipono[3,4-c]nipon-5’-6eH3un-
2a’,5a’-gurigpo-2,2’,6’(1H,1’H,5’'H)-TpioHy) 5 Ta oTpumaHi ix HiTpo3onoxigHi. bynoBy ogepxaHux Cnonyk HagiiHoO Mia-
TBEPAXKEHO IHCTPYMEHTanbHUMN Mmetogamu, Takumm sk 'H AMP, IH-cnekTpockonia Ta XxpoMaTo-Mac-CnekTpoMeTpis.
[MpoBeaeHi CKPUHIHIOBI AOCTIMKEHHA NOTEHUINHOI NPOTU3anarnbHOI Aji, WO BKKYaNo BUBYEHHS in Vitro aHTUOKCUMOAHT-
HOI Aii cuHTe3oBaHuX cnonyk. BigibpaHi Tpy cnomnyku, Aki BUABUNN HaWBINbLL MNOTYXHi aHTMOKCMAAHTHI BNaCTMBOCTI
Ons noganbLIOro BUBYEHHS iX NpOTU3ananbHOi akTMBHOCTI. [aHi 6ionoriyHOro ekcnepuMMeHTy NOoKasytoTb BUPAXEHY
npoTusananbHy akTUBHICTb LMX CMOMYK Ha MoZeni kapareHiHOBOro Habpsiky.
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BucHoBku. BctaHoBneHo, Lo npenapaTMBHa MeToAMKa TPUKOMMOHEHTHOMO KackalHOro NepeTBOPEHHS i3aTUHY 3
a-aMiHOoKMCnoTaMu Ta gunonsipodinammn Ha OCHOBI bic-ManeiHimigiB € ePeKkTMBHUM METOAOM CUMHTE3Y MOHO- Ta bic-
noxigHmx cnipo-2-okciHgon[3,3'Inipony. OTpumaHi cMMeTpuUYHi NoxigHi rekcametuneH- Ta etuneH-N,N’-6ic(cnipoiHgon-
3,3’-nipono[3,4-c]nipon-4’-HiTpo30-2a’,5a’-aurigpo-2,2’,6’(1H,1’H, 5'H)-TpioHy). [loBeaeHo 6yaoBYy OTPMMaHUX CrosyK.
Mpy BMBYEHHI aHTUOKCUOAHTHOI aKTUBHOCTI CUHTE30BaHMX CMOJTYK BCTAHOBMNEHO, O HANGinbLw BUCOKY aHTUOKCU-
OaHTHY aKTUBHICTb BUSIBUNW cnonyku: 1’-(rekcametuneH-N-maneiHimigo)-5’-6eHsun-2a’,5a’-gurigpo-1’H-cnipoiHgon-
3,3’-nipono[3,4-c]nipon-2,2’,6'(1H,3'H,5’H)-TpioH 1; etunen-N,N’-6ic(cnipoingon-3,3’-nipono[3,4-c]nipon-4’-HiTpo3o-
5’-metun-2a’,5a’-gurigpo-2,2’,6’'(1H,1'H,5’'H)-TpioH) 6; rekcameTtunex-N,N’-6ic(cnipoingon-3,3’-nipono[3,4-c]nipon-4’-
HiTPO30-5'-6eH3nn-2a’,5a’-auvrigpo-2,2’,6’(1H,1’H,5’H)-TpioH) 7. Crnonyka 6 BusBuna npoTusananbHy akTUBHICTb, O
BipOrifHO He Bifpi3Hanacs Bif akTUBHOCTI pedepeHc-npenapary.

Knrovoei cnoea: cripo-2-okciHOor; Himpo30rnoxioHi; aHmuokcudaHmMHa akmusHicms, rnpomu3anasbHa
aKkmueHicme

E. N. Ciomka, A. B. KpasueHko, B. . YepHbix, J1. A. lemuyk

CuHTe3 1 nccnegoBaHme aHTUOKCUAAHTHOM U NPOTUBOBOCNANMUTENIbHOW aKTUBHOCTHU
MOHO- U 6uc-NPon3BOAHbLIX CNNpo-2-okcuHaon[3,3’lnuppona

Lenb paboTbl — CrHTE3 psaa MOHO- U BUC-NPOU3BOAHBIX CNpo-2-okcnHaon[3,3’Inuppona n nccrnegoBaHne ux
aHTMOKCWMAAHTHOW 1 MPOTUBOBOCNANUTENbHOW akTUBHOCTH.

MaTepuansbl n metoabl. MeToabl OpraHNYecKoro CMHTE3a, MHCTPYMEHTarnbHbIE METOAbI ONpPeAeneHns CTPYKTy-
pbl OPraHNYecKNX COEAUHEHWNA, METOA NCCefoBaHNSA aHTUOKCMOAHTHBIX CBOWNCTB CUHTE3MPOBAHHLIX COEANHEHUI B
YCNoBUSAX in Vitro Ha Mogeny CNOHTaHHOIO NepekncHoro okncnenus nunugos (MOJ), nsyvyeHne npoTMBoOBOCHANUTENb-
HOW (aHTWU3KCCYOATMBHOW) akTMBHOCTU HA MOZENM OCTPOro acenTUYeCcKOoro BocnaneHnsi 3aHen KOHeYHOCTH (Kapare-
HWHOBOTO BOCMNaneHus).

Pesynkratbi 1 ux o6cykpeHue. VIcronb3ys TPEXKOMNOHEHTHOE KackaHOe NpeBpalLLEHME 13aTvHa C a-aMUHOKMCIIOTaMm
1 avnonsipocunamMy Ha OCHoBe OUC-ManenHUMMA0B CUHTE3MPOBAHO PSS HOBbIX MPOM3BOAHBIX CMNPO-2-0KcMHAoNM[3,3’]
nvppona. [ins Toro, 4Tobbl pacLUMPUTL 3TOT PS4, OCYLLECTBMEHbBI XMUYeckue npespalleHus atuneH-N,N’-6uc(cnmpovHaon-
3,3-nnppono[3,4-cjnnppon-5-metun-2a’,5a’-gurmapo-2,2',6'(1H,1’H,5’H)-tproHa) 4 n rekcametneH-N,N’-6uc(cnmpovHaon-
3,3’-nuppono[3,4-clnuppon-5-6eHsun-2a’,5a’-gurnapo-2,2°,6’'(1H,1’H, 5’H)-TprnoHa) 5 n nonyyeHbl MX HUTPO3ONPOU3-
BoaHble. CTPyKTypa NonyyYeHHbIX COeAUHEHNI AOCTOBEPHO A0Ka3aHa NHCTPYMEHTanbHbIMY METO4aMM, TaKUMU Kak
"H AMP, VIK-cnekTpockonus 1 xpoMaTo-Macc-cnekTpoMeTpust. [poBeaeHbl CKPUHUHIOBbIE NCCegoBaHNs NOTEHLU-
anbHOro NPOTUBOBOCNANNTENBHOIO AEVCTBUSA, KOTOpbIE BKMAKOYanu nsyyeHue in vitro aHTMOKCMAAHTHOIO AENCTBUSA
CMHTE3NPOBaHHbIX coeanHeHn. OTobpaHbl TPU COEAUHEHWS, KOTOPbIE NPOSBUY Hanbonee BbiPaXXeHHbIE aHTUOKCH-
OaHTHble CBOMCTBA ANst AaNnbHENLLIEro U3y4eHus UX NpoTMBOBOCMANMUTENBHOM aKTUBHOCTU. [JaHHble G1Monornyeckoro
3KCNepUMEHTa NOKa3bIBAKT BUPAXKEHHYIO NMPOTUBOBOCMANMUTENBHYIO aKTUBHOCTb 3TUX COEAMHEHUI HA MOZENN Kapa-
rEHUHOBOTrO BOCNAsIEHUsI.

BbiBoAbI. YCTaHOBMNEHO, YTO NpenapaTuBHasi METOAMKA TPEXKOMIMOHEHTHOIO KackagHOoro npeBpaLleHuns n3aTnHa
C 0-aMMHOKUCNOTaMu 1 aunonsapodunaMmm Ha ocHoBe buc-ManemHMMuaoB ABnseTcs 3PEKTUBHLIM METOLOM CUMHTE3A
MOHO- 1 6UC-NPON3BOAHBIX CNNPO-2-okcnHAon[3,3 InMppona. MonyyYyeHbl CUMMETPUYHBIE MPOU3BOAHBIE FEKCAaMETUMNEH-
n atuneH-N,N’-6uc(cnuponHgon-3,3’-nuppono[3,4-c] nuppon-4’-HnTpo3o-2a’,5a’-aurnapo-2,2’,6’(1H,1’'H,5’'H)-TproHa).
[okasaHa CTpyKTypa NonyyYeHHbIX coeguHeHniA. MNpn nay4eHnn aHTMOKCUAAHTHOM aKTUBHOCTM CUHTE3UPOBaHHbIX COeaMHe-
HWI YCTaHOBIMEHO, YTO Hanbonee BbICOKYH aHTUOKCUAAHTHYIO aKTMBHOCTb NPOABUIN coeanHenns: 1'-(rekcameTnneH-N-
mManemHnmunao)-5-6eHann-2a’,5a’-gurnapo-1’H-cnuponngon-3,3’-nuppono[3,4-c] nuppon-2,2°,6’(1H,3'H,5'H)-TpuoH 1;
atuneH-N,N’-6uc(cnmponngon-3,3’-nuppono[3,4-c]nuppon-4’-HnTpo3o-5'-metun-2a’,5a’-gurngpo-2,2°,6’(1H,1°H,5’'H)-
TpuoH) 6; rekca-metuneH-N,N’-6uc(cnuponHaon-3,3’-nuppono[3,4-c]nuppon-4’-HuTpo30-5’-6eH3un-2a’, 5a’-gurngpo-
2,2',6'(1H,1’H,5’H)-TpuoH) 7. CoeguHeHne 6 NnposiBuro NpoTMBOBOCNANMUTENBHYO aKTUBHOCTb, KOTOpas BEPOSTHO He
OTNM4YaeTcs OT aKTUBHOCTU pedpepeHc-npenapara.

Knroyeenblie croea: criupo-2-oKkcuHOOJI; HUMPO30rpou3800HbIe; aHMUOKcUOaHMHasi akmueHOCb;
rnpomueogocnanumeribHas akmueHOCMb
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One of the topical issues of modern pharmacology
is the increase of the effectiveness of treating concomi-
tant diseases that occurs with inflammation and pain.
The most commonly used group of drugs for this case is
non-steroidal anti-inflammatory drugs (NSAIDs). Over
the past decades, the number of NSAIDs has significantly
increased, and nowadays it consists of drugs that differ
in their chemical structure, methods of application and
the effect on the body. However, they all have a num-
ber of contraindications and can provoke adverse effects;
therefore, their use is restricted [1]. Thus, the search of

new biologically active substances with the anti-inflam-
matory properties is a promising direction of modern
pharmacology. It is known that the spiroindol-3,3’-pyr-
role core is in the structure of many natural alkaloids with
the pronounced biological activity, in particular with the
anti-inflammatory properties. For example, leaves of the
Malaysian plant Hunteria zeylanica (Apocynaceae) are
the source of bisindole alkaloid — bisnicolaterin A with
the antinociceptive, antipyretic and anti-inflammatory ac-
tivity [2]. From the leaves of the tropical liana of Gel-
semium elegans (Loganiaceae) bisoxindole alkaloids —
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3,5,7X=(CH,)s; 4,6 X =(CH,),; 8 X =NH(CO),NH
1,3,4,5,8R=H;2R=R"=-(CH ,),6,7R=NO
1,5,7R"=Bn; 3R"=CH,0H;4,6R"=CH,; 8R"'=Ph
3R?=Bn;4,5,6,7,8 R?=H;3R?=Bn

heleganidins B and C and geleganimins A and B that
exhibit the cytotoxic, anti-inflammatory and analgesic
properties were isolated [3, 4].

The aim of the work was to synthesize a series of
mono- and bis-derivatives of spiro-2-oxindole[3,3’ |pyrrole
and study their antioxidant and anti-inflammatory activity.

Materials and methods

Chemical part

To conduct the first stage of the potential anti-in-
flammatory activity screening, which included the study
of the antioxidant activity in vitro, 8 compounds were
selected (Fig.).

Four of these compounds were synthesized for the
first time in order to expand the range of the substances
under research. The synthesis of derivatives of 1’-(hexa-
methylene-N-maleimido)-2a’,5a’-dihydro-1’ H-spiro-
indole-3,3’-pyrrolo[3,4-c]pyrrole-2,2°,6’(1H,1°H,5’ H)-
trione 1-2, hexamethylene-N,N’-bis(spiroindole-3,3’-pyr-
rolo[3,4-c]pyrrole-5’-hydroxymethyl-4’ H,1N-benzyl-
2a,5a’-dihydro-2,2,6’(1H,1°H,5’ H)-trione) 3 and ethy-
lene-N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]pyr-
role-5’-methyl-2a,5a’-dihydro-2,2’,6°(1H,1’H,5’ H)-
trione) 4, their chemical structure and biological acti-
vity as inhibitors of protein kinases, as well as their anti-
microbial properties were described earlier [5, 6, 7, 8].

The synthesis of compound 5 was performed accor-
ding to the general procedure [7]. Hexamethylene-N,N’-
spiroindole-3,3’-pyrrolo[3,4-c]pyrrole-5’-benzyl-2a’,5a’-
dihydro-2,2°,6’(1H,1’H,5’ H)-trione) 5 was obtained with
the yield of 92 %. M. p. —246-248 °C. 1H NMR d, ppm

§ R
NH
HN N— (X)—N + 2 NaNO,

rR' H e} 4,5 o O H

4,6 X = (CH,),; R= CH,

Fig. The general structures of the compounds studied

(400 MHz, DMSO): 6 10.27 (s, 2H), 7.33-7.18 (m, 8H),
7.13 (t,J=7.1 Hz,4H), 6.84 (m, 4H), 6.73 (d,/=7.7 Hz,
2H), 4.33 (m, 2H), 3.54 (d, J = 3.7 Hz, 2H), 3.48-3.36
(m, 6H), 3.25 (d, J = 7.6 Hz, 2H), 3.20 (dd, J = 13.8,
5.5 Hz, 2H), 2.58 (dd, J = 14.0, 8.2 Hz, 4H), 1.57 (m,
4H), 1.37 (m, 4H). Found, %: C 71.08; H 5.74; N 10.85.
Calculated, %: C 71.12; H 5.71; N 10.82.

The general procedure for the synthesis of sym-
metric derivatives of ethylene and hexamethylene-
N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]pyrrole-
4’-nitroso-2a’,5a’-dihydro-2,2,6’(1H,1’H,5’ H)-
trione) 6, 7. Dissolve ethylene-N,N’-bis(spiroindole-3,3’-
pyrrolo[3,4-c]pyrrole-5’-methyl-2a’,5a’-dihydro-
2,2’,6’(1H,1’H,5’ H)-trione) 4 (1 mmol) and hexamethy-
lene-N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]|pyrrole-
5’-benzyl-2a’,5a’-dihydro-2,2,6’(1H,1’H,5’ H)-trione)
5 (1 mmol) separately in 50 ml of acetic acid (Scheme 1).
Cool the solutions to 10 °C and add sodium nitrite to
them (3 mmol). In 12 h add 150 ml of water to the solu-
tions, filter the precipitates obtained, wash them with
water and recrystallize from water.

Ethylene-N,N’-bis(spiroindole-3,3’-pyrrolo
[3,4-c]pyrrole-4’-nitrozo-5’-methyl-2a’,5a’-dihydro-
2,2°,6°(1H,1°’H,5’ H)-trione) 6 was obtained with the
yield of 88 %. M. p. — 298-300 °C. '"H NMR, &, ppm
(400 MHz, DMSO): § 10.95 (s, 1H), 7.32-7.06 (t, 1H),
6.92-6.57 (m, 3H), 5.30 (m, 1H), 4.26-4.02 (m, 1H), 3.67
(m, 1H), 3.41 (m, 1H), 3.19 (m, 1H), 1.82 (d, 3H).
Found, %: C 57.52; H 4.16; N 17.91. Calculated, %:
C57.51; H4.18; N 17.88.

CH,COOH

5,7 X = (CH,)s; R" = Bn

Scheme 1
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Table 1
The characteristic absorption frequencies in IR-spectra of compounds 4, 5, 6, 7
Compound IR, cm™ assignment
Vi VcHarom) VHaliph) Veo V=0 Ve=clarom)
4 3269,3177 3030 2933, 2870 1703 - 1624, 1473
5 3325 3062, 3029 2940, 2862 1702 - 1620, 1453
6 3362 3030 2990, 2347, 1715 1430, 1620, 1474
2853
7 3365 3062, 3030 2941, 2861 1708 1439 1619, 1473

Hexamethylene-N,N’-bis(spiroindole-3,3’-pyr-
rolo[3,4-c|pyrrole-4’-nitrozo-5’-benzyl-2a’,5a’-di-
hydro-2,2°,6’(1H,1’H,5’ H)-trione) 7 was obtained with
the yield of 80 %. M. p.— 170-172 °C. 'H NMR, 6, ppm
(400 MHz, DMSO): 6 10.93 (s, 2H), 7.33 (d, /="7.1 Hz,
4H), 7.28-7.09 (m, 8H), 6.85 (t, J = 7.4 Hz, 4H), 6.75
(d, J=17.5 Hz, 2H), 5.59 (dd, J = 14.7, 8.5 Hz, 2H),
4.27 (t,J=9.3 Hz, 2H), 3.81-3.73 (m, 2H), 3.71 (d, J =
9.2 Hz, 2H), 3.29-3.20 (m, 4H), 3.19-3.10 (m, 2H), 1.35
(m,4H), 1.17 (s, 4H). Found, %: C 66.21; H 5.09; N 13.45.
Calculated, %: C 66.18; H 5.07; N 13.42. The presence
of nitroso group was confirmed by IR-spectra (Tab. 1).

The procedure for the synthesis of oxalylamine-
N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]pyrrole-5°-
phenyl-2a’,5a’-dihydro-2,2°,6’(1H,1’H,5’ H)-trione) 8.
The synthesis was carried out according to Scheme 2.
N,N’-bis-maleimidoxalylamine a was obtained according
to the procedures [9, 10].

The starting isatin b and the amino acid phenylgly-
cine ¢ were obtained from commercial sources and used
without further purification.

Dissolve the mixture of N,N’-bis-maleimidoxalyl-
amine a (1 mmol), isatin b (2 mmol) and phenylglycine ¢
(2 mmol) in the mixture of i-PrOH (3 ml) and H,O (1 ml)
and reflux for 4 h, control the course of the reaction by
changing the color of the reaction mixture from bright
red to dark brown and then to pale yellow. Filter the
precipitate obtained, wash with i-PrOH and recrystal-
lize from the mixture of i-PrOH (1 ml) and H,O (1 ml).

Oxalylamine-N,N’-bis(spiroindole-3,3’-pyrrolo
[3,4-c]pyrrole-5’-phenyl-2a’,5a’-dihydro-2,2’,6’
(1H,1’H,5’ H)-trione) 8 was obtained with the yield of

83 %. M. p.—265-266 °C. 1H NMR, d, ppm (400 MHz,
DMSO): § 11.65 (s, 2H), 10.34 (s, 2H), 7.48-7.36 (m,
4H), 7.24 (m, 10H), 6.89 (t, 2H), 6.79 (d, J = 7.7 Hz,
2H),5.50(dd,J=7.7,2.7 Hz, 2H), 4.14 (s, 2H), 3.96-3.80
(m, 2H), 3.57 (m, 2H). LCMS, m/z (I, %) = 751(100)
[M + 1], 376(5), 101(7). Found, %: C 63.09; H 4.05;
N 14.96. Calculated, %: C 64.00; H 4.03; N 14.93.

Melting points were determined on a Gallenkamp
melting point apparatus, model MFB-595 in open capil-
lary tubes. The '"H NMR-spectra were recorded on a Va-
rian WXR-400 spectrometer using DMSO-d, as a sol-
vent and TMS as an internal standard. The chromatogra-
phy-mass spectra were recorded on an Agilent 1100 HPLC
device with a diode matrix detector. The elemental ana-
lysis was carried out using a Carlo Erba CHNS-O EA
1108 analyzer. The IR-spectra were taken on a Brucker
Tensor 27 FT-IR 400-4000 cm™ in KBr pellets with the
concentration of substances of 1 %.

Biological experiment

The study of antioxidant properties of the compounds
synthesized was conducted in vitro on the model of spon-
taneous lipid peroxidation (LPO) in the liver homogenate
[11, 12]. In the test tubes 2 ml of the homogenate and
0.1 ml of the suspension of the compounds tested in the
concentration of 50 or 100 umol were introduced. The tu-
bes were incubated for 15 min. Then 1 ml of 30 % CCl,
solution was added, centrifuged, 2 ml of the superna-
tant was taken and 2 ml of 0.8 % solution of thiobarbi-
turic acid (TBA) was added. The samples were boiled
for 15 min, cooled and measured at the wavelength of
532 nm. In parallel, an intact test tube and the control
sample were prepared. By extinction the content of TBA-re-

Scheme 2



ISSN 2415-8844 (Online)

VISNIK FARMACII 3 (95) 2018

ISSN 1562-7241 (Print) 9

actants in the sample was calculated according to the
formula:

C=Ale-1-n,

where: A — is extinction of the sample; € — is 0.156
(the recalculation coefficient of molarity for TBA-reac-
tants); n — is the content of the tissue in the sample, g.

Compounds 1, 6, 7 showed the most potent antioxi-
dant properties and were selected for further study of the
anti-inflammatory (anti-exudative) activity on the model
of acute aseptic inflammation of the hind limb (carra-
geenan edema) [13, 14]. Indomethacin (“Sofarma”, Bul-
garia), which was administered in the dose of 5.25 mg/kg,
was selected as the reference drug. The anti-inflamma-
tory (anti-exudative) activity was studied in the doses
of 5 mg/kg and 7 mg/kg. The compounds studied and
the reference drug were administered intragastrically an
hour before the phlogogen injection.

The study was carried out in albino adult rats weig-
hing 170-200 g; they were kept under the standard con-
ditions in the vivarium of the Central Research Labora-
tory at the National University of Pharmacy. The study
was carried out in accordance with the “General ethical
principles of animal experimentation” (Ukraine, 2001),
which are consistent with the provisions of the European
Convention for the Protection of Vertebrate Animals used
for Experimental and Other Scientific Purposes (Stras-
bourg, 1986) and the Code of Ethics of the World Medi-
cal Association (Helsinki Declaration, 1964). The ani-
mals were divided into 8 groups:

Group 1 —control pathology: for the pathology simula-
tion the experimental animals were subplantarly injected
with 0.1 ml of 1 % carrageenan solution. Animals of the
control group received distilled water intragastrically.

Groups 2 and 3 —animals that were subplantarly injected
with carrageenan (see group 1) and 1 hour before ad-
ministration of phlogogen compound 1 in the doses of 5
and 7 mg/mg, respectively, was injected intragastrically.

Groups 4 and 5 —animals that were subplantarly injected
with carrageenan (see group 1) and 1 hour before admi-
nistration of phlogogen compound 6 in the doses of 5
and 7 mg/mg, respectively, was injected intragastrically.

Groups 6 and 7 — animals that were subplantarly injec-
ted with carrageenan (see group No. 1) and 1 hour before
administration of phlogogen compound 7 in the doses of 5
and 7 mg/mg, respectively, was injected intragastrically.

Group 8 — animals that were subplantarly injected
with carrageenan (see group 1) and 1 hour before ad-
ministration of phlogogen the reference drug in the dose
of 5.25mg/mg was injected intragastrically.

The size of edema was measured by an onkometerin 1,2,
3,4, 5 and 24 hours after the introduction of carrageenan.

The anti-inflammatory (anti-exudative) activity was
calculated by the formula:

A= 100 % - [(chpcrim/Pcontrol) ° 100]9

where: A — is the anti-inflammatory activity, %; P, .- —
is the average difference in the volume of swollen and

healthy paws in the control pathology; P, .., —is the ave-
rage difference in the volume of swollen and healthy
paws in the experimental group.

The experimental data were processed by the method
of variation statistics using the standard software package
“Statistica 6.0”. The data comparison was performed by
the ANOVA criterion [15].

Results and discussion

The study of the antioxidant activity in vitro

At first the antioxidant activity of compounds 1-8
(Fig., Tab. 2) was studied. The intensity of lipid per-
oxidation processes was assessed by accumulation of
compounds reacting with thiobarbituric acid (TBA-re-
actants). The decrease of the content of TBA-reactants
in of samples indicated the presence of the antioxidant
activity of the compounds studied.

The data obtained are presented in Tab. 2. It was found
that compounds 4 and 8 did not reveal the antioxidant ac-
tivity in both concentrations of 50 and 100 pmol. Com-
pounds 2 and 5 reduced the content of TBA-reactants in
the concentration of 50 pmol. However, their antioxi-
dant activity did not have the concentration dependence
since when 100 pmol of compounds 2, 5 were used in
the test a reliable decrease in the content of TBA-reac-
tants compared to the control indicator was not obser-
ved. Compound 3 revealed the antioxidant activity only
in the concentration of 100 umol, with 13 % decrease in
the TBA-reagent content. In the concentration of 50 umol
compound 3 did not show the significant antioxidant activity.

Compounds 1, 6, 7 reduced the content of TBA-reac-
tants almost to the level of intact indicators. At the same
time, there was the concentration dependence in mani-
festation of the antioxidant activity, i.e. an increase in
the concentration of the test compound in the sample led
to a more significant decrease in the content of TBA-reac-
tants in the liver homogenate.

Thus, according to the results of the first stage of the
experiment compounds 1, 6, 7, which showed the highest
antioxidant activity, were selected for further study of
the anti-inflammatory activity.

Based on the structure of the compounds under re-
search it was decided to study the potential anti-inflam-
matory (anti-exudative) properties on the model of car-
rageenan edema.

The results of the study presented in Tab. 3 and 4
showed that the control group of rats had a gradual in-
crease in inflammation up to 3 h (the prostaglandin phase)
and a decrease to 24 h in the experiment.

Compounds 1, 7 in the doses of 5 mg/kg and 7 mg/kg
did not show sufficient anti-inflammatory activity throug-
hout the experiment and did not significantly affect the re-
duction of the edema size compared to the control group.
However, in separate control hours of the experiment
there were significant differences compared to the cont-
rol group. Thus, compound 7 showed a moderate anti-
inflammatory activity in the dose of 5 mg/kg in 4 h, and
in the dose of 7 mg/kg in 3 h, but this activity was sig-
nificantly lower than the activity demonstrated by indo-
methacin. The anti-inflammatory activity of compound
1 was revealed as reducing swelling both in the dose of
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Table 2
The study of the effect of the test compounds on the content of TBA-reactants
in the liver homogenate (mmol/g tissue), x + Sy, n = 5)
. The content of TBA-
The concentration of .
Compound reactants in the samples, | Confidence
the compound, pmol :
mmol/g tissue
50 9.35+0.71 *[E*
100 8.52 £ 0.67 **
50 8.52+0.59 **
100 12.32 +£0.88 *
50 10.80£0.72 *
100 9.59+0.81 *[Ex
50 12.56 £0.82 *
100 13.09 £ 0.97 *
50 8.37£0.54 **
100 10.27 £0.92 *
50 8.45+047 **
100 8.29 £ 0.69 **
50 8.59+£0.63 **
100 8.22 +£0.45 **
50 12.94 £0.79 *
100 13.09 £ 0.84 *
Intact - 8.37+0.37
Control - 11.03+£0.59 *

Notes: * — significant differences in relation to the intact group (p < 0.05); ** - significant differences in relation to the control group (p < 0.05).
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Table 3

The effect of compounds 1, 6, 7 on the dynamics of inflammation compared to indomethacin
on the model of carrageenan inflammation of the hind limb in rats (AV c.u,, M + m, n = 6)

The time Control 1 6 7 Indomethacin,
of observation | pathology | 5mg/kg | 7mg/kg | 5mg/kg | 7mg/kg | 5mg/kg | 7 mg/kg 5.25 mg/kg
1h 15.77 £ 1537 14.37 £ 14.70 £ 1297 £ 14.23 £ 1432 + 1012
0.11 1.85%* 1.81%* 0.96%* 1.10* 1.06%* 1.75%* 0.71*
2h 31.28 30.87 = 28.78 = 25.60 22.01 = 29.58 + 26.24 + 21.85+
2.21 3.17%* 2.02%/** 3.55%/** 0.84* 1.97%* 2.171%* 2.76*
3h 62.78 £ 4520 + 4719+ 29.08 + 2591+ 56.37 4719+ 2529+
7.30 2.55%/** 4.78%/** 0.65%/** 0.70* 2.49%* 4.67*/** 4.98*%
4h 3591+ 2647 £ 2459 + 2153+ 16.40 £ 2998 + 2012 15.89 £
1.36 2.22%/** 2.14%/** 1.48%/** 1.10* 1.76%/** 3.01%/** 0.75*
5h 27.67 2336 2147 + 15.84 12.26 + 2536+ 17.36 £ 12.20 £
1.15 2.14%/** 1.87%/** 0.43%/** 0.65* 1.68** 1.78%/** 0.57*
24h 13.79 £ 11.24 1045 + 9.68 + 6.90 + 11.21 £ 10.33 £ 6.79 £
0.69 0.98** 1.23%* 1.02%/** 0.53* 0.49** 1.32%/** 0.42*
The average
anti-exudative - 15.36 19.97 31.86 4444 11.49 26.07 48.01
activity, %

Notes: * - significant differences in relation to the control pathology (p < 0.05); ** - significant differences in relation to indomethacin
(p <0.05); AV - difference between the swollen paw and its initial size, c.u.

5 mg/kg and in the dose of 7 mg/kg in 3 to 5 h of the
experiment compared to the control pathology; but, at
the same time, it was significantly lower than the activity
of the reference drug.

The highest activity at all phases of the inflammato-
ry process was shown by compound 6, in both doses of
5 mg/kg and 7 mg/kg. However, its effects on the develop-
ment of carrageenan inflammation depended on the dose
administered to animals, and the dose of 7 mg/kg ap-
peared to be more effective. In 1 h of the experiment the
introduction of compound 6 in this dose significantly
reduced inflammation till the end of the experiment com-
pared to the control pathology. The maximum anti-exu-
dative activity (58.72 %) was observed in 3 h during the
period of the action of such inflammatory mediators as
prostaglandins. it may indicate the ability to suppress
the COX activity. However, the anti-exudative activity
was recorded in 1 h —27.01 % (the phase of biogenic
amines), and in 2 h of the experiment —29.63 % (the ki-

nin phase). Later in 4, 5 and 24 h the anti-inflammatory
activity of compound 6 remained rather high (45.66 %,
55.69 % and 49.96 %, respectively).

The anti-inflammatory activity of the reference drug
indomethacin was fixed throughout the experiment. The hig-
hest reduction of edema (by 2.4 times compared to the
control group) was observed in 3 hours (the anti-exuda-
tive activity 59.71 %) corresponding to the anticyclooxy-
genase activity of the drug. In 1 h the size of edema un-
der the effect of indomethacin was reduced by 1.5 times,
and in 2 h — by 1.6 times compared to the control group,
indicating a moderate effect on such inflammatory me-
diators as biogenic amines and kinins.

Thus, during the study of the anti-inflammatory (anti-
exudative) activity of compounds 1, 6, 7, it was found
that compounds 1, 7 in the doses of 5 and 7 mg/kg re-
vealed a moderate anti-inflammatory activity, which was
lower compared to the activity of the reference drug.
However, compound 6 in the doses of 5 and 7 mg/kg

Table 4

The anti-exudative activity of compounds 1, 6, 7 compared to indomethacin
on the model of carrageenan inflammation of the hind limb in rats

-cl;?gr?i:\najlg 1 6 7 Indomethacin
;—Qsee?\gfigrfm 5mg/kg 7 mg/kg 5 mg/kg 7 mg/kg 5 mg/kg 7 mg/kg 5.25 mg/kg

1h 2.53 8.87 6.78 27.01 9.76 9.19 35.82

2h 1.31 7.99 18.15 29.63 5.43 16.11 30.14

3h 28.00 24.83 53.67 58.72 10.21 24.83 59.71

4h 26.28 31.52 40.04 45.66 16.51 43.97 55.75

5h 15.57 22.40 42.75 55.69 8.34 37.26 55.90

24 h 18.49 24.22 29.80 49.96 18.70 25.09 50.76
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showed a pronounced anti-inflammatory effect, which
mechanism was probably implemented through the in-
hibitory effect on the synthesis of prostaglandins and
biogenic amines. The analysis of the data obtained sho-
wed that the anti-inflammatory activity of compound 6
in the dose of 7 mg/kg and indomethacin did not signi-
ficantly differ.

CONCLUSIONS

It has been found that the preparatory method of the
three-component cascade transformation of isatin, a-amino
acids and dipolarophils based on bis-maleimides is ef-
fective for the synthesis of spiro-2-oxindole[3,3’|pyrrole
mono- and bis-derivatives. A series of hexamethylene-
and ethylene-N,N’-bis(spiroindole-3,3’-pyrrolo[ 3,4-c]pyr-
role-4’-nitroso-2a,5a’-dihydro-2,2’,6’(1H,1°’H,5’ H)-

trione) symmetric derivatives have been obtained. The struc-
ture of the compounds obtained has been confirmed. When
studying the antioxidant activity of the compounds syn-
thesized it has been found that the most active substances
are 1’-(hexamethylene-N-maleimido)-5’-benzyl-2a’,5a’-
dihydro-1’H-spiroindole-3,3’-pyrrolo[3,4-c|pyrrole-
2,2°,6°(1H,3’H,5’ H)-trione 1; ethylene-N,N’-bis(spiro-
indole-3,3’-pyrrolo[3,4-c]|pyrrole-4’-nitroso-5’-me-
thyl-2a,5a’-dihydro-2,2’,6’(1H,1’ H,5’ H)-trione) 6; hexa-
methylene-N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]
pyrrole-4’-nitroso-5’-benzyl-2a,5a’-dihydro-2,2°,6
(1H,1’H,5’ H)-trione) 7. Compound 6 has also shown the
anti-inflammatory activity at the reference drug level.
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