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Synthesis and the antimicrobial activity of hexamethylene-N-
maleinimidospiroindole-3,3’-pyrrolo[3,4-c]pyrrole derivatives

Aim. To synthesize a series of hexamethylene-N-maleinimidospiroindole-3,3-pyrrolo[3,4-c]pyrrole deriva-
tives, study the antimicrobial activity of the compounds synthesized and compare their antimicrobial activity with
the antimicrobial activity of the bis-analogs previously synthesized.

Materials and methods. The methods of organic synthesis, instrumental methods for determination of the
molecular structure of organic compounds, agar well diffusion method were used.

Experimental part. The interaction of isatins with a-amino acids and 1,6-bismaleinimidohexane in the equi-
molar ratio led to formation of 1'-(hexamethylene-N-maleinimido)-2a’,5a'-dihydro-1'H-spiroindol-3,3"-pyrrolo[3,4-c]
pyrrol-2,2',6'(1H,3'H,5'H)-trion derivatives. The structure of the compounds synthesized was reliably proven by
the instrumental methods. Data of the microbiological screening showed a high level of the antimicrobial activity
against Staphylococcus aureus and Candida albicans fungi.

Conclusions. It has been determined that the three-component condensation reaction of isatins with a-amino
acids and 1,6-bismaleinimidohexane in the equimolar ratio is an efficient synthetic method of 1'-(hexamethylene-
N-maleinimido)-2a’,5a’-dihydro-1'H-spiroindol-3,3'-pyrrolo[3,4-c]pyrrol-2,2',6'(1H,3'H,5'H)-trion derivatives,
which reveal a high level of the antimicrobial activity against Staphylococcus aureus and Candida albicans
fungi. 1’-(Hexamethylene-N-maleinimido)-5’-methyl-2a’,5a’-dihydro-1’H-spiroindol-3,3’-pyrrolo[3,4-c]pyrrol-
2,2’,6’(1H,3’'H,5’H)-trione has shown the highest antimicrobial activity among derivatives of hexamethylene-N-
maleinimidospiroindol-3,3’-pyrrolo[3,4-c]pyrrols.
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€. I. Ciomka, P. I. PegbkiH, J1. A. LLemuyk, K. B. Tme6oBa, H. I. ®inimoHoBa

CuHTe3 i aHTUMiIKPOOHa aKTUBHICTb rekcameTusneH-N-maneiHimigonoxigHux cnipoiHgon-

3,3’-nipono[3,4-c]nipony

MeTa po60oTu — cuHTe3 psay noxigHux rekcametuneH-N-maneiHiMmigo-cnipoingon-3,3’-nipono[3,4cnipony,
OOCHNIIXEHHS Ta NOPIBHAHHSA iX aHTMbakTepianbHOI akTUBHOCTI 3 aHTMMIKPOOHO Ai€t0 paHille CUHTe30BaHuX
bic-aHanoriB.

Martepianu Ta MeToam. MeToam opraHiyHOro CMHTE3Y, iHCTPYMEHTarnbHi METOAM BCTAHOBMNEHHSA Bya0BM Op-
raHiyHux cnonyk, metod Andysii B arap y moaudikauii konoassis.

EkcnepumeHTanbHa 4acTtuHa. [1pn B3aemMogii eKBiMONAPHOro CniBBiAHOLWEHHS i3aTWHIB, A-aMiHOKMUCNOT
i 1,6-6icmaneiHimigorekcaHy 6yno oTpumaHo pag noxigHux 1’-(rekcametunen-N-maneiHimigo)-2a’,5a’-anrigpo-
1’H-cnipoingon-3,3’-nipono[3,4-clnipon-2,2’,6’(1H,3'H,5’H)-TpnoHy. ByaoBy ogepxaHux cnonyk HagiviHo nig-
TBEPOKEHO IHCTPYMEHTANbHUMMU MeTogamu. [JaHi MikpoBionoriYHOro CKpUHIHIy nokasytoTb BUCOKY BionoriyHy aito
CMHTE30BaHUX CMOMyK BiHOCHO rpaMno3uTuBHUX BakTepin Staphylococcus aureus i rpubis Candida albicans.

BucHoBku. BcTaHOBMNEHO, WO peakuis TPMKOMMNOHEHTHOI KOHAEeHcaUil Npy eKkBiMONAPHOMY BUKOPUCTaHHI
i3aTMHIB, a-amiHOKMCHOT i 1,6-6icmaneiHimigorekcaHy € epekTMBHUM MeToaom cuHTesy 1’-(rekcametmneH-N-
maneiHimigo)-2a’,5a’-aurigpo-1’H-cnipoiHgon-3,3’-nipono[3,4-c]nipon-2,2’,6’ (1H,3'H,5’H)-Tpu1oHiB, siki nposiB-
NSAKTb BUCOKY OionoriyHy Aito BigHOCHO rpamno3nTMBHUX GakTepi Staphylococcus aureus i rpubiB Candida
albicans. Hanbinbluy akTUBHICTb cepen noxigHux rekcametuneH-N-maneinimigo-cnipoingon-3,3’-nipono[3,4-c]
nipony nposisue 1’-(rekcameTtuneH-N-maneiHimigo)-5’-metun-2a’,5a’-gurigpo-1’H-cnipoiHgon-3,3’-nipono[3,4-c]
nipon-2,2’,6’(1H,3’H, 5’H)-TpnoH.

Knrovoei cnoea: i3aTvH; a-amiHoOkMCnOTK; Bic-maneiHimia; cnipo-2-okciHaon; aHTUMIKpOOHa aKkTUBHICTb

E. U. Crowmka, P. I. PeabkuH, J1. A. Llemuyk, E. B. FneboBa, H. 1. dunumoHoBa

CHHTe3 N aHTUMUKPOOHAasA aKTUBHOCTb rekcameTusneH-N-manenHMMnaonponu3BogHbIX

cnupouHaon-3,3’-nuppono|[3,4-clnuppona

Llenb paGoTbl — cuHTE3 psiga Npou3BOaHbIX rekcameTuneH-N-manevH-ummgocnmponnaon-3,3’-nuppono[3,4-c]
nuppona, uccrnegoBaHne U cpaBHEHUE NX aHTUbaKTepuanbHOW akKTUBHOCTU C aHTUMUKPOOHBIM AeNCTBUEM pa-
Hee CUHTE3UPOBaHHbIX 6uUC-aHanoroB.

Matepuansi u MeToabl. MeTobl OpraHNYeCcKoro CUHTE3a, MHCTPYMEHTarbHbIE METO/bI ONPEAENEHUsI CTPYK-
Typbl OpPraHN4eCcKnx coeanHeHun, metog anddysun B arap B Mogndukaumm KonoaLes.

SKcnepuMeHTanbHas YacTb. [1py B3aumoaencTamMm SKBUMOISPHOrO COOTHOLLIEHMS 3ATUHOB, O-aMUHOKUCIOT
n 1,6-6ucmanenHnMmmaorekcaHa Obin nonyyeH psa nponssoaHbix 1'-(rekcametuneH-N-manenHumungo)-2a’,5a’-
avnrnapo-1’H-cnnpoungon-3,3’-nuppono(3,4-clnuppon-2,2’,6’(1H,3’H,5’H)-TpuoHa. CTpyKTypa Nony4eHHbIX Co-
€VHEHWI OCTOBEPHO JOoKa3aHa UHCTPYMEHTanbHbIMU MeTodamu. [aHHble MUKPOBUONOrMYeCcKoro CKpUHUHIa
nokasbIBaloT BbipakeHHOoe bronormyeckoe AenNCcTBME CUHTE3NPOBAHHbIX COEAVHEHNI OTHOCUTENBHO rpamMmnoro-
XuTenbHblx 6akTepun Staphylococcus aureus v rpubos Candida albicans.

BbiBoAbI. YCTAHOBMNEHO, YTO peaKLnsi TPDEXKOMMOHEHTHOW KOHAEHCaLMM NMPY 3KBUMOISIPHOM UCTONb30BaHWN U3a-
TUHOB, G-aMUHOKUCITOT U 1,6-BucManenHummaorekcaHa sBnseTcs 3pgeKTBHbIM METOAOM CUHTE3a 1'-(rekcameTuneH-
N-maneuHnmngo)-2a’,5a’-aurngpo-1’'H-cnvponHgon-3,3’-nuppono[3,4-clnuppon-2,2’,6’(1H,3'H,5’H)-Tp1oHos,
KOTOpble NPOSABMSAT BblpaXeHHOe BMOoNornvyeckoe encTBue OTHOCUTENBHO FPaMMONOXUTENbHbLIX BakTepui
Staphylococcus aureus v rpubos Candida albicans. Havbonbluyto akTMBHOCTb CPEAM NPOM3BOAHbBIX reKCameTuIneH-
N-manenHummpocnmponHgon-3,3-nupponol3,4-clnnppona nposieun 1’-(rekcametuneH-N-manemHuMmmao)-5-metun-
2a’,5a’-gurnppo-1'H-cnnponHgon-3,3’-nupporno[3,4-clnuppon-2,2’,6'(1H,3'H,5 H)-TproH.

Knroyesnble crioea: 13aTviH; 0-aMUHOKUCTIOTbI; BUC-ManeyHMmma; Crmpo-2-0KCUHAOM; aHTUMUKPOOHas akTUBHOCTb
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Spirooxindoles are very attractive group of or-
ganic compounds for scientists working in the area
of organic, medicinal chemistry and chemistry of na-
tural compounds since their natural and synthetic de-
rivatives reveal a broad spectrum of biological acti-
vities [1]. The spirooxindole core is a base of many
alkaloids, such as horsfiline, helsemin, pteropodine,
spirotriprostatines A, B, etc., showing the antibacte-
rial, anticancer, anti-inflammatory activity [2-5]. A lot
of synthetic spirooxindoles are known as antiviral
agents and also as cholinesterase, protease and ki-
nase inhibitors [6-9] (Fig. 1).

Thus, the search of new antimicrobial agents among
spiro[2-oxindole-3,1'(3’)-pyrrole] derivatives is a pro-
mising route for creation of drugs possessing such
type of bioactivity. With this purpose the synthesis
of hexamethylene-N,N’-bis-spirooxindole-3,1’-pyrro-
lo[3,4-c]pyrrole derivatives [8] and spiroindole-3,3’-
pyrrolo[3,4-c]pyrroles containing the maleinimide lin-
ker was carried out. To reveal the pharmacological
potential the antimicrobial activity of the compounds
synthesized against standard strains of microbes were
studied. A comparative analysis of the antimicro-
bial activity for two groups of these compounds was
conducted.

Materials and methods

The starting isatins and a-amino acids were ob-
tained from commercial sources and used without
further purification. Melting points were obtained
using a Gallenkamp melting point apparatus, model
MFB-595 in open capillary tubes. The 1H NMR spectra
were recorded on a Varian WXR (400 MHz) spectro-
meter using DMSO-d6 as a solvent and TMS as an in-
ternal standard (the chemical shift in ppm). Data for
chromato-mass spectrometry were obtained on an
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chemotherapeutic agent

Fig. 1. Some bioactive spirooxindoles
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Agilent 1100 HPLC device. Mass-spectra were taken
using a Varian 1200L DIP (EI, 70 eV) device. The ele-
mental analysis was performed using a Carlo Erba
CHNS-O EA 1108 analyser.

1,6-Bismaleinimidohexane 1 was synthesized by
the method described in the work [10].

The general procedure for the synthesis of
1’-(hexamethylene-N-maleinimido)-2a’,5a’-dihydro-
1'H-spiriindole-3,3’-pyrrolo[3,4-c]pyrrole-2,2’,6’
(1H,3’H,5’H)-triones (4.1-4.9)

Dissolve the mixture of the corresponding isatins
3.1-3.3 (1 mmol), an a-amino acids 2.1-2.7 (1 mmol)
and 1,6-bismaleinimidohexane 1 (1 mmol) in the mix-
ture of i-PrOH (3 ml)/H,0 (1 ml) and reflux for 2 h.
The reaction was monitored by the change of the mix-
ture color from bright red to yellow or colorless. Cool
the solution to -5°C and keep at this temperature for
24 h (4.1-4.2, 4.5, 4.7-4.8). In the case of 4.4, 4.6
the precipitate was formed when refluxing. To obtain
solid products 4.3 and 4.9 pour the reaction mixture
into ice water. Filter the resulting precipitate, wash
with i-PrOH and recrystallize from the mixture of
DMF/EtOH (1: 1).

The study of the antimicrobial activity

The microbiological studies were performed at
the Department of Microbiology, Virology and Immu-
nology of the National University of Pharmacy accor-
ding to the WHO recommendations [11, 12] and recom-
mendations of the Ministry of Health of Ukraine [13, 14].
Staphylococcus aureus (ATCC 25923), Escherichia coli
(ATCC 25922), Pseudomonas aeruginosa (ATCC 27853),
Bacillus subtilis (ATCC 6633) and Candida albicans
(ATCC 885-653) were used as test-strains.

The antimicrobial activity of the compounds syn-
thesized was studied in vitro using the agar well dif-

fusion method.

O Et
anti-HIV drug

‘NOO
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Scheme 1

The studies were carried out by two stages. At the
first stage the antimicrobial activity of the compounds
was studied using Cefalexinum and Fluconazole (for
Candida albicans strain) as the reference drugs. The
weighed quantity of each compound (1 mg) was dis-
solved in 1 mL of DMSO. From the resulting suspen-
sion 0.3 mL was taken and introduced into wells on
Petri dishes with microbial strains. The level of the
antimicrobial activity was determined by the diame-
ter of the growth inhibition zones around the well
with the compound studied compared to the control.

The second stage was to study the antimicrobial
activity of the compounds synthesized against Sta-
phylococcus aureus (ATCC 25923) and Candida albi-
cans (ATCC 885-653) by the broth dilution method in
the liquid growth medium [13]. The Minimum Inhi-
bitory Concentration (MIC) value recorded is defined
as the lowest concentration of the antimicrobial agent
that inhibits the visible growth of the microorganism
tested, and it is expressed in mg/mL. To determine
the Minimum Bactericidal Concentration (MBC) the
broth with MIC of the test compound was incubated
with the growth medium for 24, 48 or 72 h, control-
ling the growth of bacterial strains.

Experimental part

The new asymmetric derivatives of 1’-(hexamethy-
lene-N-maleimidido)-2a’,5a’-dihydro-1’'H-spiroindole-
3,3’-pyrrolo|3,4-c]pyrrole-2,2°,6’(1H,3’'H,5’ H)-trione
4.1-4.9 were synthesized (Scheme 1).

According to the literature data [15] we can pro-
pose the following mechanism of this interaction
(Scheme 2):

At the first stage the a-amino group of compounds
2.1-2.7 was added to b-carbonyl of isatins 3.1-3.3 fol-
lowed by elimination of the water molecule resulted
in formation of adduct A. Further the ring-opening
of the lactone cycle followed by decarboxylation oc-
curred. The next stage was the interaction of dipole
B with dipolarophile 1 proceeded as [3+2]-cycload-
dition reaction and led to target compounds 4.1-4.9.
It is possible because of the presence of m-bond ac-
tivated by the electron-acceptor substituent. In this
case, the direction of the reaction depended on the
ratio of reagents. Thus, the symmetric bis-derivati-
ves could only be obtained with a double excess of
isatins and amino acids [8]. Asymmetric derivatives
were obtained using the equimolar ratio of the starting
reagents.

The structure of compounds 4.1-4.9 was confir-
med by 'H NMR spectroscopy and elemental analy-
sis (Tab. 1, Fig. 2). The structure of compound 4.7
was additionally confirmed by mass-spectrometry,
while the structure of compound 4.8 was also con-
firmed by chromato-mass spectrometry.

The'H NMR-spectra of compounds 4.1-4 had a cha-
racteristic signals of ABCD-system protons of the 2-
oxindole fragment in the region of aromatic protons, a
singlet signal of NH proton at 6 10.27...10.55 ppm, the NH
signal of the arylamide fragment at 6 9.43...10.42 ppm,

H o 1 R? N
o]
re OH o 0 RR_ o RKG)),\ o
o T kT io)se; 0" o i
" 0 ) o @ 1 NS
2.1-2.7 o N 1
o ——— o —> o ——> QO ——>
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Table 1

The properties and 'H NMR-spectral data for derivatives of 1'-(hexamethylene-N-maleimidido)-2a;5a’-

dihydro-1'H-spiroindole-3,3"-pyrrolo[3,4-c]pyrrole-2,2,6'(1H, 3'H,5'H)-trione 4.1-4.9

Elemental analysis %
M. m. Found
Compounds | M. p.,°C "H NMR, 3, ppm (J, Hz) Calculated
Yield %
C | H N
450,50 | 1.10-1.45 (m, 11H); 3.22 (d, J= 6.86, 1H); 3.31 (br. s, 2H); 3.34-3.37 (m, 2H);
c :'1No 100-102 | 3.61 (br. s, 1H): 3.75 (d, J = 5.76, 1H): 4.26 (br. s, 1H); 6.70-6.89 (m, 3H); % % %
247726774 75 6.96 (br. s, 2H); 7.16 (br. s, TH); 10.30 (br. s, TH) ’ ’ ’
464,53 |1.09-1.27 (m, 7H): 1.39-1.54 (m, 4H); 3.05 (s, 3H); 3.21 (d, J= 7.43, 1H);
c ;2N o | 102 |334(d,J=6655H)363 (br.5, TH); 431 (d,J=430, 1H); 684 (br. 5, TH) % % %
xHasNOs | 60" 16.89-6.99 (m, 4H); 7.22-7.30 (m, TH) 64 6.
47g 55 |0-80-089 (m,3H); 110 (d, J= 6.22, 3H); 1.19-1.38 (m, 4H); 145 (d, J = 5.49,
43 75> 13H); 180 (br.s, 1H); 3.24 (d, J = 7.69, TH); 3.29-3.40 (m, 5H); 3.48 (¢, 6526 | 631 | 11.74
CHN.O, | 124130 17=7.14, 1H):3.65 (br.s, 1H); 374 (d, J= 9.89, TH);6.71-6.90 (m, 3H) 6527 | 628 | 11.72
6.98 (s, 2H); 7.10-7.22 (m, TH); 10.30 (s, 1H)
c12.57 | 113133 (m, 4H); 134-1.53 (m, 4H); 3.24 (dd, J = 16.04, 8.22, 2H)
4.4 D 13:33-3.42 (m, 2H); 3.63-3.70 (m, TH); 375 (br.s, 1H); 4.10 (br. 5, 1H); 67.98 | 5.49 | 10,97
CoHN.O, | 25140 15.45(d,1=430, TH),6.79 (d, J=7.83, TH);6.91 (d, /= 1096, TH), 67.97 | 547 | 1094
6.93-7.02 (m, 3H): 7.15-7.27 (m, 4H): 7.31-7.39 (m, 2H); 10.37 (s, TH)
526,50 | 1.23-1.61 (m, 8H); 3.17-3.28 (m, 3H); 3.35-3.45 (m, 4H); 3.53 (br. s, 1H);
c ;'f\lo 112-114 | 4.31 (d, J= 3.91, 2H): 6.73 (d, J= 7.83, 1H) 6.81-6.87 (M, 2H); 6.96 (s, 1H): ggﬁ g;é %
wHsoNOs | g6 1794 (d, )= 6.65, 2H): 7.18-7.31 (m, 5H); 10.27 (s, 1 H) :
soe6 |1:13-136 (m, 4H); 1.46 (dt, J = 14.48,7.24, 4H); 334 (dd, J = 11.54, 6,85,
4.6 o002 16H);3.48-3.56 (m, 1H); 376 (br.s, 1H); 384 (d, /=822, 1H); 431 (br.s, | 6687 | 580 | 10.09
CuHNO, | 115720 [1H) 455 (br.s, 1H); 4.74-4.91 (m, 2H);6.73-7.03 (m, 5H); 7.127.20 (m, | 6689 | 579 |10.07
1H): 7.25 (d, J = 7.04, TH); 7.32 (q, J = 7.70, 4 H)
540,62 |1.08-1.62 (m, 8H); 1.89 (s, 3H); 3.20-3.47 (m, 7H); 3.58 (d, J = 5.80, 1H);
4.7 95 |4.76-4.97 (m, 2H); 6.73-6.80 (m, TH); 6.86-7.00 (m, 2H); 7.17-7.39 (m, 8H); | 28881 2.95 11040
GHANOs | g | e et sag 68.89 | 5.93 | 1037
47654 | 124140 (m, 4H); 156-1.94 (m, 8H); 2.97 (t, 2H); 3.56 (1H); 3.73-3.82 (m,
4.8 ot |2H) 691 (d,J=8.0,2H); 7.28(d,J =84, 1H); 7.45 (d, J =10.2, 2H); 7.81 (d, | 65.54 | 589 |11.78
GO, | 1491421 U=8.0,1H); 10,55 (5, TH) m/z(1,,, %):477,2 (1.4) IM+11, 476,1 (100) [MJ', | 65.55 | 5.88 | 11.76
339.1 (98) [M—137]%, 157.2 (25) [M — 319]*
2o 566,66 | 1.12:1.55 (m, z(ajH); 1.79 (br., 4H); 2.§4 (br.s, TH); 2.33 (br.ds, 1317330 [ g5 07| 605 | 001
o 85 |(m, 2H);3.36(d, J=7.04,2H);3.52 (d, /=783, 1H); 363 (d, =704, 1H); | S32L] &35 | 231
3MaNOs |25 1495 (br. s, 1H); 4.77-4.93 (m, 2H); 6.83-6.99 (m, 4H); 7.15-7.36 (m, 7H) 96| 6. :

a doublet signal of the maleinimide link at 6.95 ppm,
signals of protons of the pyrolo-pyrrolidinedionic and
hexamethylene fragments in the strongly-stained re-
gion of the spectrum. The typical spectrum of the
compounds synthesized is shown in Fig. 2.

The data of the elemental analysis are in agree-
ment with the calculated data, molecular ions in mass-
spectra coincide with theoretical data (Tab. 1).

The antibacterial properties of substances 4.1-4.9
against different types of microorganisms (gram-po-
sitive and gram-negative) were studied. Almost all
compounds showed a significant antibacterial activity
against Staphylococcus aureus. For compounds 4.1, 4.3
the minimum bactericidal concentration (MBC) was
equal to MBC for Cefalexin. The growth inhibition zo-
nes for all compounds studied against Candida albi-
cans exceeded almost twice compared to the referen-
ce drug. The minimum fungicidal concentration (MFC)

for compounds 4.1, 4.2 was equal to those of Fluco-
nazole. The results of studying the antimicrobial ac-
tivity for compounds 4.1-4.9 are given in Tab. 2.
The antimicrobial activity for compounds 4.1-4.9
was compared to those for the corresponding sym-
metric bis-analogs synthesized according to proce-
dure [8]. Derivatives of hexamethylene-N-maleimido-
spiroindol-3,3’-pyrrolo[3,4-c]pyrrole were generally
much more active than hexamethylene-N,N’-bis-de-
rivatives of spiroindole-3,1’-pyrrolo[3,4-c]pyrrole. Thus,
the corresponding bis-analogs of compounds 4.1-4.5,
4.8, 4.9 exhibited very little antimicrobial activity
against Staphylococcus aureus and were completely
inactive in relation to Candida albicans [8]. The ac-
tivity of compound 4.7 was found to be at the level
of activity of the corresponding hexamethylene-N,N’-
bis-derivative. However, MBC for Staphylococcus au-
reus and MFC for compound 4.6 were eight-times
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Fig. 2. The "H NMR spectrum of 1’-(hexamethylene-N-maleimidido)-2a’,7a’-dihydro-1’H-spiroindole-3,3’-pyrrolo[3,4-c]pyrrolizidine-
2,2, 7'(1H,3'H,5'H)-trione 4.8

Table 2

The antimicrobial activity of 1'-(hexamethylene-N-maleimidido)-2a;5a’-dihydro-1’H-spiroindole-3,3'-
pyrrolo[3,4-clpyrrole-2,2,6'(1H, 3'H,5'H)-triones 4.1-4.9

Diameter of the growth inhibition zones*, mm

Gram-positive bacteria Gram-negative bacteria Fungi
Compound
B. subtilis > aureus E. coli P.aeruginosa C. albicans
) MBC ’ ) MFC
31 31
41 25 125 18 growth 3725
30 31
4.2 24 growth 18 growth 3125
31 35
4.3 27 125 14 growth 6.25
29 24
4.4 25 50 16 growth growth
29 30
4.5 26 50 15 growth growth
30 32
4.6 24 50 17 growth growth
31 35
4.7 26 50 15 growth growth
27 25
4.8 25 growth 20 growth growth
27 28
4.9 26 growth 21 growth growth
Control growth growth growth growth growth
Cefalexinum 32 32 35 36 n/t
12,5
Fluconazole n/t n/t n/t n/t 16
3.125

Notes: * — the data presented are the average values for three experiments relative to each microorganism culture.
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higher than the corresponding bis-derivative previ-
ously synthesized. According to the results of micro-
biological tests substances 4.1, 4.3, 4.6, 4.7 are pro-
mising for further studies against Staphylococcus au-
reus, while compounds 4.1, 4.2, 4.3 are prospective
as anti-Candida substances.

Conclusions

It has been found that the dipolar cycloaddition
of 1,6-bis-maleimidohexane to azometinilide formed
in situ from isatin and a-amino acids (with the use
of the equimolar ratio of the starting reagents) is an
effective synthetic approach towards 1’-(hexamethy-
lene-N-maleimido)-2a;5a’-dihydro-1’H-spiroindole-3,3’-

pyrrolo[3,4-c|pyrrole-2,2,6’(1H, 3’H, 5’H)-trions showing
a high biological activity against Staphylococcus aureus
and Candida albicans. In general, the antimicrobial
activity of hexamethylene-N-maleimidopropindol-3,3’-
pyrrolo[3,4-c]pyrrole derivatives appeared to be sig-
nificantly higher than the activity of the correspon-
ding symmetrical bis-analogs. 1’-(Hexamethylene-N-
maleimido)-5’-methyl-2a’,5a’-dihydro-1’H-spiroin-
dole-3,3’-pyrrolo|[3,4-c]pyrrole-2,2,6’ (1H, 3’'H, 5’H)-
trione has shown the highest biological activity among
derivatives of hexamethylene-N-maleimidospiroindol-
3,3’-pyrrolo[3,4-c]pyrrole.
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