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In the paper the cheap and effective method of the synthesis of 3-heteryl substituted succinimides via catalytic
Michael addition are presented. Lewis acids have been found to be effective catalysts for conjugate addition of
N-aryl substituted maleimides to the heterocycles with donor-heteroatoms or CH-active function. Catalytic reac-
tions proceed in mild conditions without formation of by-products that are often present in the classical Michael
reaction. The compounds synthesized are promising and interesting substrates for biological evaluation since
numerous natural products, drugs and drug candidates bear the succinimide core. Moreover, regioselectivity
of addition of ambident heterocyclic nucleophiles such as 4H-1,2,4-triazole-3-thiole, 1H-imidazole and 2-ami-
no-1,3-thiazole to maleimides have been investigated. Lewis acids such as aluminium chloride, zinc chloride and
lithium perchlorate have been tested on different heterocyclic substrates as catalysts. Interestingly, depending
on nucleophilicity of the substrate different Lewis acids have shown significantly varying efficacy. In this respect
aluminium chloride was identified as the most effective catalyst for C—C addition among the Lewis acids tested.
Lithium perchlorate appears to be the most efficient in the case of C—N addition with the endocyclic nitrogen atom
of the hererocycle. Zinc chloride shows a good catalytic efficacy in addition of maleimides to the exocyclic amino
group of 2-aminothiazole. Finally, the advantages of the catalytic approach developed such as mild reaction con-
ditions, easy handling, low toxicity of the catalysts and their low cost make this method useful for the synthesis of
new 3-heteryl substituted succinimides, which, in turn, are interesting substrates in medicinal chemistry.

KATAJTITUMHE KAPEOH-KAPBOH TA KAPBOH-TrETEPOATOM CIIPSI>KEHE NPUEOHAHHSA N-3AMILLE-
HUX MAJIEIHIMIQIB 4O 4H-1,2,4-TPUA30J1-3-TIOJIIB, 2-AMIHO-1,3-TIA30J1IB, 1H-IMIJA30/1Y TA 2-®E-
HINNIHAOMI3NUHY B MPUCYTHOCTI KUCJIOT J1bIOICA
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Kmroyoei cnioea: npuedHaHHS 3a Mixaenem; kamanisamop; MmaneiHimio; kucriomu Jlbroica; CyKUuHIMIO; pezioce-
NeKmueHicma

B 0@aHil ny6nikayii npedcmaeneHuli npocmuli ma eKoHOMHUU Memod cuHmesy rnoxiOHux 3-eemepun3amilyeHux
niponidun-2,5-0ioHie 3a dornomoezoto kamanimu4yHoi peakuii Mixaens. B skocmi kamanizamopie 6ynu sukopuc-
mamHi kucriomu Jlbroica, siKi mokasanu 8uCOKy Kamarnimu4Hy eghbekmusHicmb y peakuisx npuedHaHHs N-apun
3amiweHux maneiHimiois do doHopHux ma CH-akmusHuUx 2emepouukrnie. [NpedcmasneHi peakuii nepebiearoms 8
OCHOBHOMY pU KiMHamHit memnepamypi i M’SKux ymMoegax, uio 00380/19€ YHUKHY MU ymeopeHHsI HebaxaHux ro-
6idHux npodykmie. CuHmMe308aHi PEYOBUHU € YiKaguMu ma nepcriekmueHuUMu ob’ekmamu 3 moyku 30py meduy-
HOI' Ximil, OCKinbKuU 8iO0MO, W0 CriomnyKU i3 CyKUUHIMIOHUM s0poM riposienstome aHmubakmepianbHy, npomumy-
6epKynb03Hy ma aHmueninenmuyHy akmueHicmb. Bidomi makox npupoOHi cronyku 3 niponiouH-2,5-0ioHosum
gpaemeHmMom, WO 8UKOPUCMOBYHOMbLCS sIK ecbeKmueHi ma cesiekmueHi aHmubiomuku. Y 0aHiti pobomi 6yno
docridxeHO peziocenekmusHicmb rpuedHaHHs1 MarneiHimidie 00 eemepoyukniyHUX cybecmpamie 3 08oma arb-
mepHamusHUMU OOHOPHUMU UeHmpamu. B skocmi kamanizamopie 6ynu eukopucmaHdi xropudu amomiHito ma
UUHKY, @ makox fiimito nepxmopam. byno susieneHo, wo surnpobyesaHi kucriomu Jlbtoica rnposiensiroms pisHy kama-
NiMUYHy akmueHicmb Ha pi3Hux cybcmpamax, wo eo4esudb 3anexums 8i0 HyKneoinbHOCMi 2emepoyuKIy.
Halb6inbw egpekmusHum kamarnizamopom 0na C—C npuedHaHHSI 8USIBUBCS arlloOMiHito x1opud. Y ceoto Yepey,
Jimito nepxsiopam riokasas 8UcoKy kamanimudHy akmueHicmse 0151 C—N npuedHaHHs, a YUHKY xiopud bys i0eH-
mucgpikosaHul, sk Halibinbw egpekmusHuUl y aunadky npuedHaHHA ManeiHiMiOHo20 Kinbusi 00 eK30UUKIiYHOI
amiHoapynu 2-amiHomia3osny. [Nepesazamu daHO20 KamanimuyHo20 MemoOly € M’Ki peakuiliHi yMo8uU, HU3bKa
MOKCUYHICMb Kamariidamopie ma ix Hu3bka yiHa, uo pobums daHuli midxid cuHmemu4Ho 8u2i0HUM Orisi ompu-
MaHHs1 3-2emepun3amiuw,eHux niponiouH-2,5-0ioHis.

KATAJIMTUYECKOE YITIEPOL-YITIEPOAQ U YTTIEPOA-TETEPOATOM COIlNPAXEHHOE NMPUCOEQUHE-
HUE N-3AMELEHHbBIX MAJIEUHUMULOB K 4H-1,2,4-TPUA30J1-3-TUOJTAM, 2-AMUHO-1,3-TUAIOJIAM,
1H-UMULA30I1Y U 2-®EHUTTUHAOJIN3NHY B NMTPUCYTCTBUU KUCIIOT JIbFOUCA
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B Hacmosiweti cmambe npedcmaerneH npocmol u 3¢bghbeKmuHbIl 3KOHOMHbIU Memod cuHmesa 3-eemapurn3ame-
WEeHHbIX NUpPOonuUduH-2,5-0uoHO8 ¢ NoMowbro Kamanumudeckol peakyuu Muxaans. B kauecmee kamanusamo-
pos bbinu ucnornb3o08aHbl KUCI0mbI JIbrouca, Komopble roka3sasnu 8bICOKYH Kamanumu4yecKyr akmueHOCb 8 pe-
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akyusix npucoeduHeHusi N-apunsameweHHbIX ManeuHuMuoo8 Kk OOHOPHLIM eemepouyukniam. [pedcmaeneHHbie
peakuyuu npomekatrom 8 60/bWUHCMEe Crlydaes npu KOMHamHol memnepamype U MsigKux ycrogusix, 4mo no-
38o719em u3beeampb 0bpa3osaHusi HexenameribHbIX MO60YHbIX NPodykmos. CuHme3suposaHHble coOeOUHeHUs
S6M1SI0MCS IEPCEKMUBHBIMU 8 obriacmu MeOUUUHCKOU XUMUU, MOCKOSbKY XOPOLWO U38ECMHO, YMO MpoU3800HbIe
nuponuduH-2,5-0uoHos obnadarom aHmubakmepuarnbHoU, aHmuanuaenmu4eckol u npomusomybepkynesHol
akmusHocmbto. Takxke u3secmHbl podyKmbl MPUPOOHOZ0 MPOUCXOXOeHUs], codepxaujue CyKUUHUMUOHoe s0po,
Komopble 568515t0mcsi 3¢hgheKmMUBHBIMU U CENEKMUBHLIMU aHmubuomukamu. B npedcmasneHHol pabome bbina
uccrnedosaHa peauoceneKmugHOCMb NMPUCOEOUHEHUST ManeuHUMudo8 K eemepoyuknudyeckum cybecmpamam. B
Kayecmee kamasiu3amopoes 6bliiu UCroib308aHb! XiI0pudbl armoMUHUS, UUHKa u nepxnopam numusi. Okasanocs,
4mo anpobuposaHHble Kuciomsl Jlbouca umMerom pasHyro Kamanumu4ecKyro akmueHOCMb Ha pasHbIx cybcmpa-
max, 4mo, 8eposimHo, 3agucum om HykieogpunbHocmu eemepoyukna. Haubonee schgpekmusHbIM Kamarusa-
mopom 0nsi C—C nipucoeduHeHus1 oka3arcsi x/i0pud antoMuHuUsi, moada Kak nepxsiopam Aumus rnokasas 8biCo-
Kyro kamanumuydeckyto akmueHocms rpu C—N rnpucoeduHeHuUU, a X1opud YUHKa Mo360s1UsT MOyYUMmb 8bICOKUE
8bIx00bI a00yKmMoe8 8 criy4ae rnpucoedUHEHUsT ManeuHUMUO08 K 3K30UUKIUYeCcKoU aMuHo2pyrnne 2-aMuHomua-
3ona. lMpedcmaeneHHsbili 30ecb 0ONMUMU3UPO8aHHbIU Kamanumu4yeckuli Memod no3eosisiem cuHme3uposama
Hosble 3-eemapurn3ameuieHHble NUPPOUOUH-2,5-0UOHbI.
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Michael and conjugated addition reactions are well
known as efficient methods for the construction of
carbon-carbon and carbon-heteroatom bonds with
wide applications in organic synthesis [1, 2]. These
reactions have been widely used in the synthesis of
pharmaceutical intermediates, peptide analogues, an-
tibiotics, and other drugs [3-5]. On the other hand,
maleimides are an important class of substrates, which
have been successfully used in the wide range of or-
ganic transformations. They have emerged as excellent
dienophiles/dipolarophiles in cycloaddition reactions,
as well as Michael acceptors. Traditionally, conjuga-
te additions are performed under the influence of
strong bases, but basic conditions often lead to for-
mation of undesirable side products by polymeri-
zation, self-condensation, and other reactions.

Due to the presence of two carbonyl groups con-
jugated with a double bond and nitrogen imide atom
maleimides have excellent opportunity to formation
of complexes with heavy Lewis acids. In this context
the search of new and efficient catalysts for various
organic transformations is a relevant area of research
nowadays. Various alternative catalysts, such as pha-
se-transfer catalysts, transition-metal complexes, lan-
thanides, alumina [6], have been proposed [1, 7]. Despi-
te the broad research and scientific attention to this
field only a few catalysts can be used for a prepara-
tive synthesis due to high costs, difficulties related
to their recovery and reuse, and often a complicated
procedure of synthesis. Thus, development of new
methods using cheap, commercially available, non-
toxic catalysts capable of generating products in good
yields is of paramount importance.

In the course of our previous study of Michael
reaction on heterocyclic substrates with maleimides
as electron-deficient dienophiles [8-11] we were try-
ing to expand the boundaries of this reaction and find
the optimal experimental conditions. Herein we re-
port results of our research on conjugate addition of
maleimides to nucleophilic heterocyclic substrates
under the mild catalytic conditions. In this respect,
we used Lewis acids because of their efficacy, low
cost, ease of handling and low toxicity. Only a few
examples of using aluminum chloride, as well as other

Lewis acids were reported for the activation of ma-
leimides [12] and the potency of those catalysts in
the field of Michael addition has not been developed
yet. Our interest on maleimides as Michael acceptors
is also specified because of a large number of reported
pharmaceutical substances bearing the pyrrolidine-
2,5-dione fragment. For example, Phensuximide and
Suclophenide are already more than 40 years in use as
effective anticonvulsant and antiepileptogenic drugs
[13, 14] and they are still actual nowadays (Fig. 1).
Moreover, succinimide is the core structural unit found
in natural products. [15, 16]. Since Komura and co-
workers in 1987 reported isolation of Andrimid as
a new and highly specific antibiotic, 1,3-substituted
and 3,4-disubstituted succinimides emerged as a new
class of natural products with the important biolo-
gical activity [17]. Andrimid and Moiramide B (Fig.)
exhibit a potent antibacterial activity against methi-
cillin-resistant Staphylococcus aureus and a number
of other antibiotic-resistant human pathogens. Those
natural antibiotics have been described in the tar-
get fatty acid biosynthesis system (FAS) that is the
primary target for antitubercular drugs [18]. Futher-
more, Hirsutellone A, a natural product bearing the
succinimide ring (Fig. 1) displayed a significant growth
inhibitory activity against Mycobacterium tuberculo-
sis [19]. Due to the wide spectrum of bioactivity of
pyrrolidine-2,5-dione derivatives we have synthesi-
zed a number of new 3-heteryl substituted succin-
imides using the optimized catalytic conditions.

Results and Discussion

In our research we have used N-aryl maleimides
as electron-deficient reactants in conjugate addition
with 4H-1,2,4-triazole-3-thioles, 2-amino-1,3-thiazo-
les, 1H-imidazole and 2-phenylindolizine. The reactions,
in general, proceed smoothly at the room tempera-
ture, and the products are in good yields. C-C, C-N
and C-S adducts have been synthesized using alu-
minum chloride, lithium perchlorate and zinc chlo-
ride as catalysts. Regioselectivity of maleimide addi-
tion in the presence of two alternative nucleophilic
centres in a heterocyclic substrate has been inves-
tigated. For example, addition of 4H-1,2,4-triazole-
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Suclophenide

Hirsutellone A

Moiramide B (n=1), Andrimid (n=2)

Figure. Structures of anticonvulsant drugs (Phensuximide and Suclophenide), natural antibiotics (Moiramide B and Andrimide)

and antimycobacterial alkaloid Hirsutellone A.

3-thiol (1) with maleimides gives the conjugated pro-
ducts via a highly nucleophilic mercapto group as
a single type of products (Scheme 1) in good yields
(Table 1). In the case of the blocked mercapto func-
tion (compound 3) the reaction proceeds via the 4-
NH-position of the heterocycle forming only one pro-
duct 4a,b, respectively.

Regioselectivity of Michael addition of maleimides
to 2-amino-1,3-thiazoles has been also investigated.
Recently we have reported the double conjugate ad-
dition of maleimides to 2-amino-1,3-thiazole and 3-
substituted-2-aminopyridines in the presence of the
catalytic amount of lithium perchlorate [19]. In con-
trast, the presence of the catalytic amount of zinc
chloride leads to formation of C-N mono Michael ad-
ducts (6a,b) via the exocyclic nitrogen atom of the
heterocycle (Scheme 2, Table 2). Aluminum chloride
appears to be not effective catalyst in this reaction.
Only the trace amounts of mono addition products
were isolated. In this case regioselectivity of the reac-
tion depends on the catalyst used. N-Acylated deriva-
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=
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N SH I<<<N—R
H N,
1 o) 3 R sat
cat. AICl,
T N—N

dioxane, 10h, r.t. ( \
N

N
H )\ 0] o)\
3 R’ N o 4a,b

Scheme 1. Carbon—heteroatom conjugate addition of maleimides to
4H-1,2,4-triazole-3-thiol 1 and its acetyl derivative 3.
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tive of 2-amino-1,3-thiazole (7) reacts with maleimide
via C-5 ring position forming C-C adduct 8. The reac-
tion proceeds in the presence of aluminum chloride.
After refluxing of the reaction mixture for 5 hours, com-
pound 8 was isolated as a single product in 76% yield.

Subsequently imidazole has been selected as a
substrate for our further investigation of catalytic con-
jugate addition since it combines the imido group and
a CH-active fragment as alternative reactive positions
in one ring. The addition occurs on the nitrogen atom
of the heterocycle forming carbon-heteroatom adducts
10a-c in good yields (Scheme 3, Table 3). The reaction
proceeds at the room temperature in the presence
of the catalytic amount of lithium perchlorate with
full conversion of the starting products in 2 hours.
Aluminum and zinc chlorides appear to be not ap-
propriate catalysts, mixtures of hardly identified pro-
ducts were isolated in both cases.

Thereafter 2-phenylindolizine (11) was selected
as a less reactive substrate that contains only CH-ac-
tive fragment. Unlike previously used conditions, this

Table 1
The compounds synthesized
Cmpd R Yield %
2a p-(NO,)CH, 80
2b m-(NO,)CH, 60
2c p-(OCH,)C.H, 63
2d m-(Br)C,H, 80
2e ~CH, 62
2f —CH,-Ph 50
4a p-(NO,)C,H, 57
4b p-(OCH,)C.H, 40
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o Table 2
téN‘R 0 The compounds synthesized
0 -
N cat. ZnCl N N—R Cmpd R Yield %
[ \ .- - [ \ 6a CHs 44
S 2 dioxane, r.t. s N _
overnight H 0 6b CH,-CHs 38
5 6a,b
o}
N
N | N /
& 2 "
S
S)\NH o N
cat. AICI, o) 1)
O - (o]
O dioxane, r.t. \
\  overnight
7 8
Scheme 2. Michael addition of maleimides to 2-aminothiazoles 5 and 7.
Table 3 ?
The compounds synthesized [‘/EN_R "
o /
i [0)
C:r:)pd CRH Yleglg % [T cat. LiClO, N
a
e s N) dioxane, 2 h, r.t. 0
10b C,H,—p(OCH,) 92 H N
10c CH,-p(NO,) 20 9 o R
10a-c

reaction requires refluxing of the reaction mixture
for 6 hours. The products 12a,b were isolated in good
yields only when aluminum chloride was used as a
catalyst (Scheme 4, Table 4).

Experimental Part

All chemicals were obtained from Aldrich or Ac-
ros Organics and used without further purification.
All solvents were distilled before use. Compounds
3, 7 and 11 have been synthesized according to the
literature procedures and completely characterized
using 'H and *C NMR, MS and C,H,N analysis with all
the results obtained fitting the previously reported
literature data (details are not reported here) [22,
23, 24]. Nuclear magnetic resonance spectra were
recorded on a ‘Mercury 400’ Varian spectrometer
(*H and '*C NMR), TMS signal was used as an inter-

Scheme 3. Synthesis of imidazole derivatives 10a-c.

nal standard for calibration of spectral data. Melting
points were measured on a Mettler Toledo MP50
melting point system and are uncorrected.

General procedure for the synthesis of derivatives
2a-f, 4a,b and 8: 100 mg (0,99 mmol) of 4H-1,2,4-
triazole-3-thiole (1) or 143 mg (0,1 mmol) of S-(4H-
1,2,4-triazol-3-yl)ethanethioate (3) and 1 mmol of
N-substituted maleimide were dispersed in a dry
dioxane. The mixture was stirred for 15 minutes for
dissolving of maleimide. Thereafter 2,0 mg of anhy-
drous aluminum chloride (0,015 mmol) was quickly
added. The reaction mixture was stirred at the room
temperature for 10 hours. The progress of the re-
action was monitored by TLC. After its completion
the solvent was evaporated. Then the residue was
washed two times with distilled water and the crude
product was purified by crystallization.

? Table 4
| N-R The compounds synthesized
Z—
0 s N/ Cmpd R Yield %
C@_@ cat. AICI, 12a CH, 84
N -
x dioxane, reflux, 6 h (o) 12b CH,-CH; 71
N o
11 R
12a,b

Scheme 4. Synthesis of 2-phelylindolizine derivatives 12a,b.
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1-(4-Nitrophenyl)-3-(4H-1,2,4-triazol-3-ylsulfanyl)-
2,5-pyrrolidinedione (2a)

A crude product was crystallized from methyl al-
cohol to give a purple powder. Yield 80%; m.p.: 165-
166°C.'H NMR (400 MHz, DMSO-d,), §, ppm: 2.94 dd
(1H,]18.4 Hz,] 3.6 Hz,); 3.45 dd (1H,] 18.4 Hz,] 9.6 Hz);
4,62 dd (1H,] 3.6 Hz,] 9.6 Hz); 7.60 d (2H, ] 8.2 Hz);
8.34d (2H,] 8.2 Hz); 8.45s (1H); 14.16 br. s (1H). 3C
NMR (100 MHz, DMSO-d,), §, ppm: 36.5,41.6,128.1,
145.2,145.8,158.0,159.8,162.5,174.5,174.8.

1-(3-Nitrophenyl)-3-(4H-1,2,4-triazol-3-ylsulfanyl)-
2,5-pyrrolidinedione (2b)

A crude product was crystallized from methyl al-
cohol to give a white powder. Yield 60%; m.p.: 171-
173°C (dec.). '"H NMR (400 MHz, DMSO0-d,), 8, ppm:
2.93dd (1H,] 18.4 Hz,] 4.6 Hz); 3.57 dd (1H, ] 18.4 Hz,
] 9.6 Hz); 4.72 dd (1H, ] 4.6 Hz,] 9.6 Hz); 7.78-7.82 m
(2H); 8.19 s (1H); 8.31d (1H, ] 8.2 Hz); 8.42 s (1H);
14.17 s (1H).

1-(4-Methoxyphenyl)-3-(4H-1,2,4-triazol-3-ylsulf-
anyl)-2,5-pyrrolidinedione (2c)

A crude product was crystallized from isopropyl
alcohol to give light yellow crystals. Yield 63%; m.p.:
162-163°C."H NMR (400 MHz, DMSO-d,), §, ppm: 2.93
dd (1H,] 16.8 Hz, ] 2.4 Hz); 3.40 dd (1H, ] 16.8 Hz, ]
9.4 Hz); 3.82 s (3H); 4.54 dd (1H, ] 2.4 Hz, ] 9.4 Hz);
6.98d (2H, ] 8.2 Hz); 7.19 d (2H, ] 8.2 Hz); 8.04 s
(1H);14.17 br. s (1H).

1-(3-Bromophenyl)-3-(4H-1,2,4-triazol-3-ylsulfanyl)-
2,5-pyrrolidinedione (2d)

Yield 80%; m.p.: 178-180°C (dec.). 'H NMR (400 MHz,
DMSO0-d,), 6, ppm: 2.93 dd (1H, ] 18.4 Hz, ] 4.6 Hz);
3.57dd (1H,] 18.4 Hz,] 9.6 Hz); 4.72 dd (1H, ] 4.6 Hz,
] 9.6 Hz); 7.80-7.83 m (2H); 8.19 s (1H); 8.31 d (1H,
] 8.2 Hz); 8.42 s (1H); 14.16 br. s (1H).

1-Phenyl-3-(4H-1,2,4-triazol-3-ylsulfanyl)-2,5-pyr-
rolidinedione (2e)

Yield 62%; m.p.: 154-155°C. *H NMR (400 MHz,
DMSO0-d,), 6, ppm: 2.92 dd (1H, ] 18.0 Hz, ] 4.8 Hz);
3.42dd (1H,] 18.0 Hz,] 9.6 Hz); 4.67 dd (1H, ] 4.8 Hz,
] 9.6 Hz); 7.26 d (2H, ] 7.2 Hz); 7.40-7.53 m (3H);
8.56 s (1H); 14.08 br. s (1H). *C NMR (100 MHz,
DMSO0-d,), §, ppm: 36.5, 41.3, 127.0, 128.5, 128.9,
132.8,145.8,155.4,174.3,174.8.

1-Benzyl-3-(4H-1,2,4-triazol-3-ylsulfanyl)-2,5-pyr-
rolidinedione (2f)

A crude product was crystallized from isopro-
pyl alcohol to give a white powder. Yield 62%; m.p.:
154-155°C. 'H NMR (400 MHz, DMSO0-d,), 8, ppm:
2.92dd (1H,] 18.4 Hz,] 4.0 Hz); 3.27 dd (1H, ] 18.4 Hz,
] 9.6 Hz); 4.56-4.58 m (3H); 7.24-7.28 m (5H); 8.58 s
(1H); 14.12 br. s (1H).

S-{4-[1-(4-Nitrophenyl)-2,5-dioxo-3-pyrrolidinyl]-
4H-1,2,4-triazol-3-yl} ethanethioate (4a)

A crude product was crystallized from ethanol
to give white crystals. Yield 57%; m.p.: 183-184°C.
'H NMR (400 MHz, DMSO0-d,), §, ppm: 2.80 s (3H);

40

2.90dd (1H,]18.0 Hz,] 4.8 Hz); 3.36 dd (1H, ] 18.0 Hz,
] 9.6 Hz); 4.65 dd (1H, ] 4.8 Hz, ] 9.6 Hz); 7.03 d (2H,
] 8.8 Hz); 7.16 d (2H, ] 8.8 Hz); 8.56 s (1H). *C NMR
(100 MHz, DMSO-d,), 8, ppm: 37.2, 41.2, 55.4, 114.15,
125.3,128.2,145.4,152.7,159.0,174.5,174.9, 175.4.

S-{4-[1-(4-Methoxyphenyl)-2,5-dioxo-3-pyrrolidi-
nyl]-4H-1,2,4-triazol-3-yl} ethanethioate (4b)

A crude product was crystallized from ethanol
to give a light yellow powder. Yield 40%; m.p.: 167-
169°C. 'H NMR (400 MHz, DMSO-d,), 6, ppm: 2.82 s
(3H); 3.37 dd (1H, ] 18.4 Hz, ] 3.6 Hz); 3.80 dd (1H,
] 18.4 Hz,] 9.6 Hz); 3.81 s (3H); 4.53 m (1H); 6.99 d
(2H,] 8.8 Hz); 7.18 d (2H, ] 8.8 Hz); 8.44 s (1H).

N-{5-[1-(2,5-Dimethylphenyl)-2,5-dioxo-3-pyrro-
lidinyl]-1,3-thiazol-2-yl}-4-methoxybenzamide (8).

A crude product was crystallized from the mix-
ture of isopropyl alcohol and ethyl acetate (1:1) to
give a white powder. Yield 62%; m.p.: 138-139°C (dec.).
'H NMR (400 MHz, DMSO-d,), 6, ppm: 2.48 s (3H);
2.58 s (3H); 291 dd (1H, ] 18.0 Hz, ] 1.2 Hz); 3.17 s
(3H); 3.23dd (1H, ] 18.0 Hz, ] 9.2 Hz); 4.56 dd (1H, ]
1.2 Hz,] 9.2 Hz); 3.57 s (3H); 7.22-7.28 m (7H); 8.29 s
(1H); 11.08 br. s (1H).

General procedure for the synthesis of derivatives
6a, b: 80 mg (0,80 mmol) of 1,3-thiazol-2-amine was
dissolved in 7 mL of dry dioxane. Then N-substituted
maleimide (0,82 mmol) was added to the solution.
The resulting mixture was stirred for 10 min for com-
plete dissolution of the reagents. Thereafter 2,0 mg
(0,015 mmol) of anhydrous zinc chloride was quick-
ly added and the flask was fitted with a calcium chlo-
ride tube. The reaction mixture was stirred overnight
at the room temperature. After the solvent was eva-
porated, to the residue 8 mL of brain was added. The
mixture was extracted 3 times with ethyl acetate.
Combined organic layers were dried with sodium
sulphate, filtered and the solvent was evaporated. A
crude product was then purified by crystallization.

1-Phenyl-3-(1,3-thiazol-2-ylamino)-2,5-pyrrolidine-
dione (6a)

A crude product was crystallized from the small
amount of isopropyl alcohol to give a creamy pow-
der. Yield 44%; m.p.: 119-120°C. 'H NMR (400 MHz,
DMSO0-d,), 6, ppm: 2.85 dd (1H, ] 18.0 Hz, ] 3.6 Hz);
3.31dd (1H,] 18.0 Hz,] 9.2 Hz); 4.53 dd (1H, ] 3.6 Hz,
]9.2 Hz); 6.78-7.38 m (6H); 7.41d (1H,] 4.8 Hz); 8.01 s
(1H).*C NMR (100 MHz, DMSO0-d,), §, ppm: 38.9, 54.9,
115.6,125.6,127.3,133.0,138.9,165.0,169.6,170.3,172.2.

1-Benzyl-3-(1,3-thiazol-2-ylamino)-2,5-pyrrolidine-
dione (6b)

A crude product was crystallized from the small
amount of isopropyl alcohol to give a creamy pow-
der. Yield 38%; m.p.: 138-140°C. 'H NMR (400 MHz,
DMSO0-d,), 6, ppm: 2.91 dd (1H, ] 18.4 Hz, ] 4.0 Hz);
3.27dd (1H,] 18.4 Hz,] 9.2 Hz); 4.27 s (2H); 4.58 dd
(1H,] 4.0 Hz, ] 9.2 Hz); 6.73 d (1H, ] 7.6 Hz); 7.22 d
(1H,] 7.6 Hz); 7.24-7.33 m (5H); 8.12 br. s (1H).
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General procedure for the synthesis of derivatives
10a-c: 80 mg (1,18 mmol) of imidazole was dissolved
in 7 mL of dry dioxane. After that N-substituted ma-
leimide (1,18 mmol) was added. The resulting mix-
ture was stirred for complete dissolution of the re-
agents. Then the catalytic amount of lithium perchlo-
rate 2,0 mg (0,019 mmol) was added and the reac-
tion mixture was stirred for 2h at the room tempera-
ture. Then 18 mL of distilled water was added. The
precipitate obtained was filtered and washed with
isopropyl alcohol and diethyl ether to give a white
powder.

3-(1H-Imidazol-1-yl)-1-phenyl-2,5-pyrrolidinedi-
one (10a)

Yield 95%; m.p.: 161-163°C. 'H NMR (400 MHz,
DMSO0-d,), 6, ppm: 3.16 dd (1H, ] 16.8 Hz, ] 6.4 Hz);
3.40dd (1H,] 16.8 Hz,] 9.2 Hz); 5.68 dd (1H, ] 9.2 Hz,
] 6.4 Hz); 6.92 s (1H); 7.36-7.49 m (5H); 7.57 s (1H);
7.80 s (1H). 'H NMR (400 MHz, CF,C0,D), §, ppm:
2.9dd (1H,] 16.8 Hz,] 6.4 Hz); 3.26 dd (1H, ] 16.8 Hz,
] 9.2 Hz); 5.38 dd (1H, ] 9.2 Hz, | 6.4 Hz); 6.54-6.57
m (2H); 6.80-6.88 m (3H); 6.9 s (1H); 7.08 s (1H);
7.51 s (1H). *C NMR (100 MHz, DMSO0-d,), 6, ppm:
36.88, 54.79, 118.56, 127.3, 128.59, 128.93, 129.34,
132.47,137.96,172.94,173.35.

3-(1H-Imidazol-1-yl)-1-(4-methoxyphenyl)-2,5-pyr-
rolidinedione (10b)

Yield 92%; m.p.: 154-155°C. 'H NMR (400 MHz,
DMSO0-d,), 6, ppm: 3.18 dd (1H, ] 16.8 Hz, ] 6.8 Hz);
3.37 dd (1H, ] 16.8 Hz, ] 4.2 Hz), 3.83 s (3H); 5.64
dd (1H, ] 4.2 Hz, ] 6.8 Hz); 6.94 s (1H); 7.00-7.26 m
(4H); 7.40 s (1H); 7.83 s (1H).

3-(1H-Imidazol-1-yl)-1-(4-nitrophenyl)-2,5-pyrro-
lidinedione (10c)

Yield 90%; m.p.: 170-171°C. *H NMR (400 MHz,
DMSO0-d,), 6, ppm: 3.16 dd (1H, ] 17.6 Hz, ] 8.8 Hz);
3.36dd (1H,] 17.6 Hz,] 9.2 Hz); 5.63 dd (1H, ] 8.8 Hz,
] 9.2 Hz); 6.92 s (1H); 7.27 d (2H, ] 7.2 Hz); 7.33 d
(2H,] 7.2 Hz); 7.38 s (1H); 7.80 s (1H).

General procedure for the synthesis of derivatives
12a,b: 2-Phenylindolizine 100 mg (0,52 mmol) was
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dispersed in dry dioxane. Then 0,53 mmol of N-sub-
stituted maleimide was added. The mixture was stirred
for 15 minutes. After that the catalytic amount of alu-
minum chloride 1.5 mg (0,011 mmol) was added. The
reaction mixture was refluxed for 6 hours. The reaction
progress was monitored by TLC. After completion, the
solvent was evaporated and the crude product was
purified by crystallization.

1-Phenyl-3-(2-phenyl-3-indolizinyl)-2,5-pyrrolidi-
nedione (12a)

The crude product was recrystallized from ab-
solute ethanol. Yield: 84%; mp: 210-212°C. *H NMR
(300 MHz, DMSO-d,), §, ppm: 3.06 dd (1H, ] 6.9 Hz, ]
17.7 Hz); 3.36 m (1H); 5.13 t (1H, ] 6.9 Hz); 6.60-7.54
m (14H); 7.97 d (1H, ] 6.6 Hz). 13C NMR (75 MHz,
DMSO0-d,), §, ppm: 33.6,37.4,99.6,111.3,114.5,117.5,
119.1,122.8,126.9,127.1,128.4,128.7,128.9, 129.0,
129.8,132.3,132.5,135.7,174.5,175.8.

1-Benzyl-3-(2-phenyl-3-indolizinyl)-2,5-pyrrolidi-
nedione (12b)

The crude product was recrystallized from ab-
solute ethanol. Yield: 71%; mp: 192-194°C.'H NMR
(300 MHz, DMSO0-d,), 8, ppm: 3.14 dd (1H, ] 6.3, Hz,
] 16.8 Hz); 3.35 m (1H); 4.12 s (2H); 5.07 m (1H);
6.67-7.53 m (14H); 7.95 d (1H, ] 6.9 Hz). 13C NMR
(75 MHz, DMSO-d,), §, ppm: 33.6, 37.5, 46.6, 99.8,
111.5,114.3,117.1,118.9,122.8,124.9,126.4, 127.1,
128.4,128.7,128.9,129.0,129.8,132.3,132.5, 135.7,
174.1,175.6.

Conclusions

We have demonstrated that Lewis acids can be
effective catalysts for carbon-carbon and carbon-he-
teroatom Michael addition. The advantages of this
method such as mild reaction conditions, simple ex-
perimental procedure, low toxicity of the catalysts
and their low cost can make this method syntheti-
cally useful. Moreover, it is an easy way to synthesize
3-heteryl substituted pyrrolidine-2,5-diones, which
are attractive synthetic compounds in the field of
medicinal chemistry.
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