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The series of pyrrolidine-2,5-dione derivatives, including N-aryl and N-arylaminomethyl
analogs, few of which have anticonvulsant properties, have been synthesized and their structure has
been confirmed with instrumental analytical methods. The data of analyses are presented in this
article.
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Introduction

A large number of publications on the search for new substances
possessing the anticonvulsant action confirm the fact that treatment of
epilepsy is still a topical problem and clinicians today do not dispose a
sufficient arsenal of highly effective drugs devoid of any substantial
undesired effects. This is why a need for newer antiepileptic drugs is
obvious. Several classes of structurally unrelated organic compounds are
used in therapy of this neurological disorder, but they all have certain
drawbacks [1]. Earlier a series of 3-(4-alkoxyphenyl)pyrrolidine-2,5-diones
were synthesized in Mnjoyan Institute of Fine Organic Chemistry (Yerevan,
Armenia) [2], and 4-isopropoxyphenyl analog was licensed in the former
USSR as an efficacious antiepileptic drug (Pufemid) [2,3]. Moreover, it has
been shown that this compound significantly enhanced the anticonvulsant
action of phenytoin and valproate in the mouse seizure model, hence it may
find potential application also in polytherapy of epilepsy [4].
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With the purpose of searching for the influence of additional aryl residue
on its anticonvulsant properties a series of N-aryl (2-14), N-hydroxymethyl
(15), N-morpholinomethyl (16), and N-arylaminomethyl (17-25) derivatives
were synthesized.

o) o) o)

R R R
N-R' N~ R2 N~ > NHR'
o) o) o)

1-14 15, 16 17 -25

R = 4-(CH3),CHO-CsHa; R = H (1), CeHs (2, 17), 4-CHsO-CeHa (3), 4-
CH3sC(0)-CsHa (4, 18), 4-(CH3)2N-CeHs (5), 3-Br-CeHs (6, 19), 3-HOOC-
CH=CH-CsHa (7, 20), 2-HOOC-CsHa (8, 21), 3-HOOC-CeHs (9, 22), 4-
HOOC-CeHa(10, 23), 4-CoHsOOC-CeHas (11, 24), 3-HOOC-4-HO-CsHs
(12), 2,4-NO,-CeH3-NH (13), 4-[2-F-CeHa-C(O)NH]-CeHs (14, 25); R? =
OH (15), N(CH2CH2)20 (16).

Results and Discussion

All the synthesized 3-(4'-iso-propoxyphenyl)pyrrolidine-2,5-dione N-
substituted derivatives were evaluated for their anticonvulsant properties in
vivo screening tests in rodents. The screening has demonstrated the
folowing: introduction of phenyl and substituted phenyl ring in position 1 of
precursor 1 results in the complete disappearance of tested activity except for
4. The replacement of hydrogen at N atom of imide ring by hydroxymethyl
group (15) preserves bioactivity. Seven derivatives, namely from the class of
Mannich bases (16, 17, 19, 21-24) were determined as having anticonvulsant
potency. Data of biotests have been represented in [5-12]. The studied
compounds with respect to their anticonvulsant potency in the maximal
electroshock-induced seizure threshold model in mice test can be arranged as
follows: 21 >15 >17 > 22 >16 > 1 >23 > 4 >19 >24 [12].

Thus obtained results confirm that research in the class of pyrrolidine-
2,5-diones with the aim of creating new compounds with anticonvulsant
properties remains relevant.

Experimental Section
Materials and methods

All chemicals used were of analytical or reagent grade. Melting points
were determined on a Boetius PHMK 76/0904 hot stage microscope (GDR)
and are uncorrected. Infrared spectra were obtained in Nujol on a
spectrometer. *H NMR spectra were recorded on a Varian Mercury-300
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spectrometer, operating at 300 MHz; chemical shifts are reported in J values
(ppm) relative to tetramethylsilane as internal standard. Coupling constants
(J values) are given in Hertz (Hz). The solvents mixture was DMSO-
de/CCls, 1:3; the signals are reported as follows: s (singlet), d (doublet), t
(triplet), q (quartet), dd (double doublet), p (pentet), m (multiplet), br
(broad). Analytical TLC was used to check the purity of products and
performed on Silasorb 600 silica gel (5 n) ( Czech Republic) glass-backed
plates developed in chloroform-hexane-ethanol, 2:2:0.1 (system A),
benzene-AcOH-H,0, 7:3:1 (upper layer) (system B). Compounds were
detected stained with 1> (iodine), spraying with a 5% solution of
phosphomolybdic acid in ethanol followed by heating at 80-90°C during
5 min; if there is a free carboxyl group in a molecule, Bromocresol Purple
indicator (as water solution spray) was also used.

Homogeneity of all final substances was checked by thin layer
chromatography (TLC), purity by elemental analysis, and their structure was
confirmed based on data of IR and *H NMR spectroscopy. Each sample
tested by TLC was detected on chromatograms as a single spot. The
analytical samples gave combustion values for carbon, hydrogen, nitrogen
and when needed halogen within +0.4% of the theoretical values. IR spectra
contained all characteristic absorption bands attributable to succinimide [13-
15] and benzene rings and other fragments. *H NMR spectra of all
compounds were consistent with the assigned structures.

All compounds were synthesized from isopropoxyphenylsuccinic acid
according to the scheme as shown in [12].

General procedure for the syntheses of compounds 3-14. The mixture
of 3-(4-isopropoxy-phenyl)-succinic acid (0.012 mol) and acetic anhydride
(10 ml) was heated for 6 h at 100°C and excess of acetic anhydride and
acetic acid formed was removed at a reduced pressure. To a residue primary
amine (0.012 mol) and glacial acetic acid (7 ml) were added and the mixture
was refluxed for 2-3 h. The product precipitated on cooling was filtered,
washed by a small volume of acetic acid, water, dried and recrystallized. If
no precipitate was on cooling of the reaction mixture, the latter was either
concentrated till solid appeared or evaporated to dryness in a rotary
evaporator under a reduced pressure. The residue was recrystallized with
addition of activated charcoal (Norit).

3-(4-1sopropoxyphenyl)pyrrolidine-2,5-dione monohydrate (1) was
prepared as described in [2].

3-(4-1sopropoxyphenyl)-1-phenylpyrrolidine-2,5-dione  (2)  was
synthesized from 3-(4-isopropoxyphenylsuccinic acid and 1,3-diphenylurea
according to [16]. Cream-coloured scaly crystals. Yield: 83%, mp. 129-130
°C (ethanol). Rf 0.90 (A). IR, v, cm™: 1784, 1707 (C=0), 1609, 1596, 1512,
1463 (C=C), 1377, 1365 (i-Pr). *H NMR: 1.33 [d, %J=6.0 Hz, 6H,
(CH3)2CH], 2.84 [dd, 2J=18.0 Hz, %)=5.2 Hz, 1H, C(0)-CH,-CH], 3.31 [dd,
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2)=18.0 Hz, 3J=9.6 Hz, 1H, C(0)-CHy-CH], 4.18 (dd, 3J=9.6 Hz, )=5.2 Hz,
1H, Ph-CH), 4.56 (sp, J=6.0 Hz, 1H, O-CH) 6.84, 7.23, 7.30-7.50 (m, m, m,
2H, 2H, 5H resp., arom.). Found, %: C 73.54; H 6.33; N 4.79. C19H19NOs.
Calculated, %: C 73.77; H 6.19; N 4.53.
3-(4-1sopropoxyphenyl)-1-(4-methoxyphenyl)pyrrolidine-2,5-dione
(3) was synthesized from anhydride and p-anisidine. White scaly crystals.
Yield: 75%, mp 171°C (gl. AcOH). Rf 0.84 (A). IR, v, cm™: 1775, 1702
(C=0), 1608, 1513, 1463 (C=C). 'H NMR: 1.32 [d, J=6.0, 6H, (CHs).CH],
2.81 (dd, 1J=18.0 Hz, 2J=5.2 Hz, 1H, CHa-CH), 3.28 (dd, 1J=18.0 Hz, 2J=9.6
Hz, CHy-CH), 3.83 (s, 3H, OCHj), 4.14 (dd, J=9.6 Hz, 2J=5.2 Hz, 1H, CH.-
CH), 4.55 (sp, J=6.0 Hz, 1H, O-CH), 6.83, 6.96 (m, m, 2H, 2H, O-C¢Ha),
7.20, 7.21 (m, m, 2H, 2H, N-CsHs-O). Found, %: C 71.05; H 6.02; N 4.44,
C20H21NOs. Calculated, %: C 70.78; H 6.24; N 4.13.
1-(4-Acetylphenyl)-3-(4-isopropoxyphenyl)pyrrolidine-2,5-dione (4)
was synthesized from anhydride and 4'-aminoacetophenone. White bright
scaly crystals. Yield: 60%, mp 199-201°C (gl. AcOH). R 0.66 (A). IR, v,
cm®: 1777, 1707 (C=0 imide), 1691 (C=0 ketone), 1612, 1600, 1579, 1514,
1474 (C=C), 1377, 1352 (i-Pr). *H NMR: 1.32 [d, %)=6.0 Hz, 6H,
(CH3)2CH], 2.61 [s, 3H, CH3-C(0)], 2.87 [dd, 2J=18.0 Hz, %)=5.4 Hz, 1H,
C(0)-CHa4-CH], 3.33 [dd, 2J=18.0 Hz, 3J=9.6 Hz, 1H, C(0)-CHy-CH], 4.21
(dd, 3J=9.6 Hz, 3)=5.4 Hz, 1H, CH-CH,), 4.56 (sp, 3J=6.0 Hz, 1H, O-CH),
6.84, 7.24 (m, m, 2H, 2H, O-C¢Has), 7.49, 8.04 (m, m, 2H, 2H, N-C¢Ha).
Found, %: 71.61; H 6.40; N 4.12. C21H21NOs. Calculated, %: C 71.78; H
6.03; N 3.99.
1-(4-Dimethylaminophenyl)-3-(4-isopropoxyphenyl)pyrrolidine-2,5-
dione (5) was synthesized from anhydride and N,N-dimethyl-1,4-
phenylenediamine. Cream-coloured bright scaly crystals. Yield: 58%, mp
179-180°C (i-PrOH — dioxane, 3:1). R 0.83 (A). IR, v, cm™: 1786, 1704
(C=0), 1609, 1580, 1521, 1511, 1465 (C=C), 1377, 1348 (i-Pr). 'H NMR:
1.32 [d, 3J=6.0 Hz, 6H, (CHs),CH], 2.78 (dd, 2J=17.9 Hz, %J=5.1 Hz, 1H,
CHa-CH), 3.00 [s, 6H, N(CHz3)2], 3.26 [dd, 2J=17.9 Hz, 3J=9.6, 1H, CHy-
CH), 4.12 [dd, 3J=9.6 Hz, 3J=5.1 Hz, 1H, CH.-CH], 4.56 (sp, %J=6.0 Hz, 1H,
O-CH), 6.73, 6.83 (m, m, 2H, 2H, O-Cg¢H4), 7.07, 7.21 (m, m, 2H, 2H, N-
CsHa). Found, %: 71.44; H 6.54; N 7.71. C21H24N20s. Calculated, %: 71.57,
H 6.86; N 7.95.
1-(3-Bromophenyl)-3-(4-isopropoxyphenyl)pyrrolidine-2,5-dione (6)
was synthesized from anhydride and 3-bromoaniline. Light-yellow powdery
crystals. Yield: 55%, mp 124.5-125.5°C (ethanol). Rf 0.90 (A). IR, v, cm™:
1779, 1708 (C=0), 1610, 1573, 1512, 1463 (C=C), 1376, 1366 sh. (i-Pr). 'H
NMR: 1.32 [d, J=6.0 Hz, 6H, (CH3),CH], 2.84 (dd, 2J=18.0 Hz, 3]=5.4 Hz,
1H, CHa-CH), 3.30 (dd, 2J=18.0 Hz, 3J=9.6 Hz, 1H, CH,-CH), 45.18 (dd,
3)=9.6 Hz, 3J=5.4 Hz, 1H, CH,-CH), 4.55 (sp, 3J=6.0, 1H, O-CH), 6.83, 7.23
(m, m, 2H, 2H, O-CgHy), 7.32-7.43, 7.51-7.56 (m, m, 2H, 2H, N-CgHa).
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Found, %: C 58.49; H 5.00; N 3.70; Br 20.35. C19H1sBrNOs. Calculated, %:
C58.77; H4.67; N 3.61; Br 20.58.
(E)-3-{3-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-
pyrolyl]phenyl}propenoic acid (7) was synthesized from anhydride and 3-
amino cinnamic acid. White crystals. Yield: 73%, mp 211-212°C (i-PrOH).
Rr 0.74 (B). IR, v, cm®: 1777, 1703, 1683 (C=0 imide, carboxyl), 1632,
1584, 1512, 1464 (C=C), 1379, 1369 sh. (i-Pr). *H NMR: 1.32 [d, J=6.0 Hz,
6H, (CHs),CH], 2.85 (dd, J=18.0 Hz, 2J=5.3 Hz, 1H, CH,-CH), 3.32 (dd,
1)=18.0 Hz, 2J=9.6 Hz, 1H, CHy,-CH), 4.19 (dd, 1J=9.6 Hz, 2J=5.3 Hz, 1H,
CH,-CH), 4.56 (sp, J=6.0 Hz, 1H, O-CH), 6.44 (d, J=16.0 Hz, 1H, =CH),
6.84, 7.25 (m, m, 2H, 2H, O-C¢Ha), 7.34 (dt, 1J=8.0 Hz, 2J= 1.6 Hz, 1H, N-
CeHa), 7.50 (t, J=7.8 Hz, 1H, N-C¢Ha), 7.56-7.62 (m, 2H, N-C¢Ha), 7.59 (d,
J=16.0, 1H, =CH). Found, %: C 70.01; H 5.72; N 3.81. Cx»H21NOs.
Calculated, %: C 69.64; H 5.58; N 3.609.
2-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolyl]ben-
zoic acid (8) was synthesized from anhydride and anthranilic acid. After
reaction was complete, the reaction mixture was cooled, diluted with water.
The precipitated crude product was filtered, washed by water, dried. It was
resolved in boiling ethanol with addition of Norit and filtered. After
concentration of filtrate ether was added and Rf 0.71 (B). IR, v, cm™: 3194
(OH), 1766, 1740, 1691 (C=0O imide, carboxyl), 1609, 1604, 1583, 1513,
1465, 1457 (C=C), 1376, 1366 (i-Pr). *H NMR: 1.32 [d, 3J=6.0 Hz, 6H,
(CHs),CH], 2.77 (dd, %J=18.0 Hz, 3]=6.0 Hz, 1H, CH.-CH), 3.30 (dd,
2)=18.0 Hz, 3]=9.7 Hz, 1H, CH,-CH), 4.19 (dd, %J=9.7 Hz, 3J=6.0 Hz, 1H,
CH,-CH), 4.57 (sp, %J=6.0 Hz, 1H, O-CH), 6.84, 7.25-7.33, 7.55, 7.67 (m,
m, m, m, 2H, 3H, 1H, 1H, resp., arom.), 8.09 (d, %J=7.7 Hz, 1H, arom.),
12.89 (br, 1H, COOH). Found, %: C 67.79; H 5.55; N 3.73. CxoH19NOs.
Calculated, %: C 67.98; H 5.42; N 3.96.
3-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolyl]ben-
zoic acid (9) was synthesized from anhydride and m-aminobenzoic acid.
Cream-coloured crystals. Yield: 59%, mp 228-229°C (ethanol). Rf 0.61 (B).
IR, v, cm™: 1783, 1707, 1685 (C=0 imide, carboxyl), 1610, 1590, 1511,
1458 (C=C), 1377, 1365 sh. (i-Pr). 'H NMR: 1.31 [d, %J=6.0 Hz, 6H,
(CH3)2CH], 2.87 (dd, 2J=17.9 Hz, %)= 5.5 Hz, 1H, CH.-CH), 3.31 (dd,
2)=17.9 Hz, 3J=9.5 Hz, 1H, CH,-CH), 4.22 (dd, 3J=9.5 Hz, 3J=5.5 Hz, 1H,
CH,-CH), 4.57 (sp, %=6.0 Hz, 1H, O-CH), 6.85, 7.27 (m, m, 2H, 2H, O-
CeH.), 7.52-7.61, 7.94-8.01 (m, m, 2H, 2H, N-CgHa), 12.89 (br, 1H, COOH).
Found, %: C 67.67; H 5.28; N 4.01. CxH19NOs. Calculated, %: C 67.98; H
5.42; N 3.96.
4-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolylami-
no]benzoic acid (10) was synthesized from anhydride and p-aminobenzoic
acid. Yield: 64%, mp 242-244°C (ethanol). Rf 0.71 (B). IR, v, cm™: 1783,
1702, 1692 (C=0 imide, carboxyl), 1586, 1512, 1464 (C=C). 'H NMR: 1.31
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[d, 3J=6.0 Hz, 6H, (CH3),CH], 2.88 (dd, 2J=18.0 Hz, %]=5.4 Hz, 1H, CHa-
CH), 3.32 (dd, 2J=18.0 Hz, %J=9.5 Hz, 1H, CHy-CH), 4.22 (dd, 3J=9.5 Hz,
3)=5.4 Hz, 1H, CH,-CH), 4.57 (sp, %J=6.0 Hz, 1H, O-CH), 6.85, 7.26, 7.45,
8.06 (m, m, m, m, 2H, 2H, 2H, 2H 2C¢H,), 12.80 (br, 1H, COOH). Found,
%: C 68.09; H 5.64; N 3.69. C0H19sNOs. Calculated, %: C 67.98; H 5.42; N
3.96.

Ethyl 4-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrro-
lyllbenzoate (11) was synthesized from anhydride and ethyl p-
aminobenzoate. White crystals. Yield: 85%, mp 173-175°C (ethanol). Rs 0.85
(B). IR, v, cm™: 3466 (NH), 1779, 1705, 1685 sh. (C=0 imide, ester), 1600,
1583, 1510, 1465 (C=C), 1396, 1379 (i-Pr). *H NMR: 1.32 [d, 3J=6.0 Hz,
6H, (CHs),CH], 1.40 (t, ®J=7.1 Hz, 3H, CHs-CH,), 2.87 (dd, 2J=18.0 Hz,
3)=5.4 Hz, 1H, CH,-CH), 3.32 (dd, 2J=18.0 Hz, 3J=9.6 Hz, 1H, CHy-CH),
4.20 (dd, 3J=9.6 Hz, 3J=5.4 Hz, 1H, CH»>-CH), 4.36 (q, %)=7.1 Hz, 2H, O-
CHy), 4.56 (sp, %J=6.0 Hz, 1H, O-CH), 6.8v4, 7.24 (m, m, 2H, 2H, O-CsHJ),
7.47, 8.08 (m, m, 2H, 2H, N-CgHa). Found, %: C 68.97; H 6.34; N 3.71.
C22H23NOs. Calculated, %: C 69.28; H 6.08; N 3.67.

1-(3-Carboxy-4-hydroxyphenyl)-3-(4-isopropoxyphenyl)pyrrolidine-
2,5-dione (12) was synthesized from anhydride and 5-aminosalicylic acid.
Cream-coloured crystals. Yield: 86%, mp 206°C (i-PrOH — H20, 1:1). R¢
0.58 (B). IR, v, cm™: 1786, 1703, 1669 (C=0 imide, carboxyl), 1610, 1587,
1513, 1462 (C=C), 1378, 1366 sh. (i-Pr). 'H NMR: 1.32 [d, J=6.0, 6H,
(CHs),CH], 2.82 (dd, %J=18.0 Hz, 2J=5.3 Hz, 1H, CH.-CH), 3.27 (dd,
1J=18.0 Hz, 2J=9.6 Hz, 1H, CHy,-CH), 4.15 (dd, 1J=9.6 Hz, 2J=5.3 Hz, 1H,
CH,-CH), 4.55 (sp, J=6.0 Hz, 1H, O-CH), 6.83, 7.23 (m, m, 2H, 2H, O-
CsHa), 6.98 (d, J=8.8 Hz, 1H, °CH CeHs), 7.38 (dd, 1J=8.8 Hz, %)=2.6 Hz,
1H, °CH, CgHs), 7.77 (d, J=2.6 Hz, 1H, 2CH CeHs), 11.42 (br, 1H, OH),
13.57 (br, 1H, COOH). Found, %: C 64.92; H 5.27; N 3.65. C20H19NOe.
Calculated, %: C 65.03; H 5.18; N 3.79.

1-(2,4-Dinitroanilino)-3-(4-isopropoxyphenyl)pyrrolidine-2,5-dione

(13) was synthesized from anhydride and 2,4-dinitrophenylhydrazine. Light-
yellow powdery crystals. Yield: 77%, mp 218-220.5°C (dioxane —water). Rs
0.75 (B). IR, v, cm™: 3341 (NH), 1786, 1732, 1721, (C=0 imide), 1548 (as.
NO>), 1343(s.NO>), 1623, 1613, 1602, 1514, 1507, 1464 (C=C), 1378, 1366
sh. (i-Pr), 1343, 1179 (C-N arom.). *H NMR: 1.33 [d, J=6.0 Hz, 6H,
(CH3)2CH], 2.78 (dd, J=18.0 Hz, 2J=5.4 Hz, CH.-CH), 3.37 (dd, 1J=18.0
Hz, 2J=9.4 Hz, 1H, CHp-CH), 4.25 (dd, 1J=9.4 Hz, 2J=5.4 Hz, 1H, CH,-CH),
4.57 (sp, J=6.0 Hz, 1H, O-CH), 6.84, 7.27 (m, m, 2H, 2H, O-CsHa), 7.34 (d,
J=9.4 Hz, 1H, °CH CsHs), 8.28 (dd, 1J=9.4 Hz, 2J=2.6Hz, 1H, 5CH CsHs),
9.00 (d, J=2.6 Hz, 1H, 3CH CeHs), 10.30 (br, 1H, NH). Found, %: C 54.85;
H 4.19; N 13.29. C19H18N4Oy7. Calculated, %: C 55.07; H 4.38; N 13.52.

N-{4-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-
pyrrolyl]phenyl}-2-fluorobenz-amide (14) was synthesized from anhydride
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and 4-amino-N-(2-fluorophenyl)benzamide. Light-cream-coloured crystals.
Yield: 75%, mp 187-189°C (methyl cellosolve). Rs 0.65 (B). IR, v,
cm®: 3310 (NH), 1771, 1701, 1695 sh. (C=0 imide), 1667 (amide 1), 1613,
1603, 1519, 1462 (C=C), 1528 (amide Il), 1378, 1366 (i-Pr). '"H NMR: 1.33
[d, 3J=6.0 Hz, 6H, (CH3).CH], 2.84 (dd, 2J=17.9 Hz, %]=5.2 Hz, 1H, CHa-
CH), 3.31 (dd, 2J=17.9 Hz, %J=9.6 Hz, 1H, CHp-CH), 4.17 (dd, %J=9.6 Hz,
3)=5.2 Hz, 1H, CH.-CH), 4.56 (sp, %J=6.0 Hz, 1H, O-CH), 6.84 (m, 2H,
arom.), 7.18-7.31 (m, 6H, arom.), 7.51 (m, 1H, arom.), 7.70 (td, 3J=7.4 Hz,
4J=1.9 Hz, 1H, arom.), 7.87 (m, 2H, arom.), 10.21 (s, 1H, NH). Found, %: C
69.76; H 5.21; N 6.22; F 3.95. Cz6H23FN>O4. Calculation, %: C 69.94; H
5.19; N 6.27; F 4.26.

1-Hydroxymethyl-3-(4-isopropoxyphenyl)pyrrolidine-2,5-dione (15).
To a solution of 1 (0.1 mol) in 100 ml ethanol 37% formalin (0.33 mol) was
added. The mixture was refluxed for 50 min and allowed to stand at room
temperature overnight. The precipitated solid was filtered off, washed with
water, dried and recrystallized from benzene—ethanol, 1:2 v/v. On
concentrating the mother liquid, additional portion of product was isolated.
White crystals. Yield: 95%, mp 84-85°C. Rs 0.50 (B). IR, v, cm™’: 3514, 3269
(OH), 1773, 1693 (C=0 imide), 1610, 1510, 1472, 1464 (C=C). 'H NMR:
1.31 [d, *J=6.0 Hz, 6H, (CHs).CH], 2.64 (dd, 2J=18.1 Hz, *J=5.0 Hz, 1H,
CHa-CH), 3.16 (dd, 2J=18.1 Hz, %)=9.6 Hz, 1H, CH,-CH), 4.00 (dd, %J=9.6
Hz, 3J=5.0 Hz, 1H, CH,-CH), 4.0 (br., 1H, OH), 4.54 (sp, J=6.0 Hz, 1H, O-
CH), 4.82, 4.83 (d, d, 2J=10.3 Hz, 2J=10.3 Hz , 2H, N-CH), 6.80, 7.12 (m,
m, 2H, 2H, Ce¢Hs). Found, %: C 64.09; H 6.64; N 5.17. C14sH17NOa.
Calculated, %: C 63.86; H 6.51; N 5.32.

General procedures for the syntheses of compounds 16-25. A
mixture of equimolar amounts of 15 and appropriate amine (usually 0.015
mol of each) in ethanol (25-30 ml) was refluxed for 50-60 min. On cooling,
precipitated product was isolated and recrystallized.

3-(4-1sopropoxyphenyl)-1-morpholinomethylpyrrolidine-2,5-dione
(16) was synthesized from 15 and morpholine. White powdery crystals.
Yield: 87%, mp 93-94°C (ethanol). R; 0.59 (B). IR, v, cm™: 1771, 1700 (C=0
imide), 1611, 1580, 1513, 1462, 1455 (C=C). *H NMR: 1.31 [d, %J=6.0 Hz,
6H, (CH3)2CH], 2.51 (m, 4H, CH2-N-CH), 2.69 (dd, 2J=18.1 Hz, 3J=5.1 Hz,
1H, CHa-CH), 3.18 (dd, 2J=18.1 Hz, %)=9.6 Hz, 1H, CHy-CH), 3.55 (t,
3)=4.6 Hz, 4H, CH2-0-CH,), 4.04 (dd, 3J=9.6 Hz, 3J=5.1 Hz, 1H, CH»-CH),
4.33 (s, 2H, N-CH2-N), 4.54 (sp, %J=6.0 Hz, 1H, O-CH), 4.82, 4.83 (d,
2)J=10.3 Hz, 1H, d, 2J=10.3 Hz, 1H, N-CH), 6.81, 7.12 (m, m, 2H, 2H,
CeHa). Found, %: C 64.96; H 7.01; N 8.49. CisH24N204. Calculated, %: C
65.04; H 7.28; N 8.43.

1-Anilinomethyl-3-(4-isopropoxyphenyl)pyrrolidine-2,5-dione  (17)
was synthesized from 15 and aniline. White crystals. Yield: 95%, mp. 129-
130°C (ethanol). Rf 0.80 (B). IR, v, cm™: 3369 (NH), 1764, 1683, (C=0
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imide), 1605, 1520, 1509, 1500, 1458 (C=C), 1375, 1364 (i-Pr).
'H NMR: 1.29 [d, 3J=6.0 Hz, 6H, (CH3).CH], 2.56 (dd, 2=18.1 Hz, %J=4.8
Hz, 1H, CHa-CH), 3.13 (dd, 2J=18.1 Hz, 3]J=9.5 Hz, 1H, CH,-CH), 3.80 (br,
1H, NH), 3.96 (dd, 3J=9.5 Hz, 3J=4.8 Hz, 1H, CH2-CH), 4.50 (sp, J=6.0 Hz,
1H, O-CH), 6.60-6.78 (m, 5H, N-C¢Hs), 6.94, 7.07 (m, m, 2H, 2H, O-C¢Ha).
Found, %: C 71.11; H 6.39; N 7.99. CxH2.N:0s. Calculated, %: C 70.98;
H 6.55; N 8.28.

1-(4-Acetylanilinomethyl)-(4-isopropoxyphenyl)pyrrolidine-2,5-
dione (18) was synthesized from 15 and 4’-aminoacetophenone. White
crystals. Yield: 54%, mp 161-162°C (ethanol). R 0.57 (B). IR, v, cm™: 3341
(NH), 1764, 1691, 1661 (C=0 imide, ketone), 1601, 1540, 1509, 1462, 1453
(C=C), 1376, 1364 (i-Pr). 'H NMR: 1.29 [d, %J=6.0 Hz, 6H, (CH3),CH], 2.41
(s, 3H, CH3-C=0), 2.63 (dd, 2J=18.2Hz, 3J=5.0 Hz, 1H, CH,-CH), 3.17 (dd,
2)=18.2 Hz, 3J=9.5 Hz, 1H, CH,-CH), 4.01 (dd, 3J=9.5 Hz, 3J=5.0 Hz, 1H,
CH.-CH), 4.51 (sp, %J=6.0 Hz, 1H, O-CH), 4.91 (br, 2H, N-CH>-N), 6.73,
6.83, 7.02, 7.70 (m, m, m, m, 2H, 2H, 2H, 2H, arom.), 7.15 (br, 1H, NH).
Found, %: C 69.49; H 6.15; N 7.50. C2H224N204. Calculated, %: 69.45; H
6.36; N 7.36.

1-(3-Bromoanilinomethyl)-(4-isopropoxyphenyl)pyrrolidine-2,5-
dione (19) was synthesized from 15 and 3-bromoaniline. Light-yellow
needles. Yield: 91%, mp 106°C (ethanol). R 0.79 (B). IR, v, cm™: 3374
(NH), 1770, 1700, 1686, (C=0 imide), 1600, 1576, 1513, 1460, 1458 (C=C),
1377, 1367 sh. (i-Pr). *H NMR: 1.30 [d, J=6.0 Hz, 6H, (CH3),CH], 2.60 (dd,
2)=18.2 Hz, 3J=4.9 Hz, 1H, CH,-CH), 3.16 (dd, %)= 18.2 Hz, J=9.6 Hz, 1H,
CHy-CH), 3.99 (dd, 3J=9.6 Hz, 3J=4.9 Hz, 1H, CH2-CH), 4.51 (sp, 3J=6.0
Hz, 1H, O-CH), 4.86 (d, %J=7.2 Hz, 2H, N-CH,-N), 6.56 (t, 3J=7.2 Hz, 1H,
NH), 6.71-6.78, 6.94-7.02 (m, m, 4H, 4H, arom.). Found, %: C 57.29;
H 5.28; N 6.66; Br 18.98. C2oH21BrN>Os. Calculated, %: C 57.56; H 5.07; N
6.71; Br 19.15.

(E)-3-{3-[3-(4-Isopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-
pyrolylmethylamino]phenyl}-propenoic acid (20) was synthesized from
15 and 3-amino cinnamic acid. White crystals. Yield: 90%, mp 195-197°C
(decomp.) (ethanol). Rs 0.75 (B). IR, v, cm™: 3353 (NH), 1766, 1754, 1700,
1684 (C=0 imide, acid), 1609, 1602, 1586, 1510, 1463, 1456 (C=C), 1376,
1369 sh. (i-Pr). 'H NMR: 1.28 [d, %)=6.0 Hz, 6H, (CHs).CH], 2.59 (dd,
2)=18.2 Hz, 3)=4.8 Hz, 1H, CH.-CH), 3.16 (dd, 2]J=18.2 Hz, 3J=9.5 Hz, 1H,
CHy-CH), 3.99 (dd, 3J=9.5 Hz, 3J=4.8 Hz, 1H, CH2-CH), 4.49 (sp, 3J=6.0
Hz, 1H, O-CH), 4.92 (s, 2H, N-CH-N), 6.28 (d, 3J=15.9 Hz, CH-COOH),
6.38 (br., 1H, NH), 6.70, 6.81-6.84 (m, m, 2H, 2H, O-CsHa), 6.97, 7.08, 7.10
(m, t, 9=1.9 Hz, t, 3J=7.9 Hz, resp., 2H, 1H, 1H, resp., N-CsH.), 7.41 (d,
3)=15.9 Hz, 1H, CsHs-CH=), 11.89 (br, 1H, COOH). Found, %: C 67.27; H
6.00; N 6.59. C23H24N20s. Calculated, %: C 67.63; H 5.92; N 6.86.
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2-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolylme-
thylamino]benzoic acid (21) was synthesized from 15 and anthranilic acid.
Cream-coloured powdery crystals. Yield: 60%, mp 137.5-139°C (ethanol). R¢
0.72 (B). IR, v, cm™: 3371 (NH), 1771, 1719 sh., 1702, 1643 (C=0 imide,
carboxyl), 1610, 1588, 1520, 1512, 1463, 1456 sh. (C=C), 1378, 1367 (i-
Pr).'H NMR: 1.31 [d, 3J=6.0 Hz, 6H, (CH3).CH], 2.63 (dd, 2J=18.1 Hz,
3)=4.8 Hz, 1H, CH,-CH), 3.16 (dd, 2J=18.1 Hz, 3J=9.5 Hz, 1H, CHy-CH),
4.01 (dd, J=9.5 Hz, 3J=4.8 Hz, 1H, CH»-CH), 4.52 (sp, *J=6.0 Hz, 1H, O-
CH), 5.04 (d, 3J=7.2 Hz, 2H, N-CH-N), 6.64-6.75, 7.00, 7.10, 7.34 (m, m,
m, m, 3H, 2H, 1H, 1H, resp., arom.), 7.88 (dd, %J=7.9 Hz, “J=1.8 Hz, 1H,
CH=C-COOH), 8.68 (t, ®J=7.2 Hz, 1H, NH), 12.37 (br., 1H, COOH). Found,
%: C 65.70; H 5.85; N 7.19. C2:H22N20Os. Calculated, %: C 65.95; H 5.80; N
7.33.

3-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolylme-
thylamino]benzoic acid (22) was synthesized from 15 and m-aminobenzoic
acid. Light-cream-coloured crystals. Yield: 90%, mp 156-157°C (ethanol). R¢
0.64 (B). IR, v, cm™: 3360 (NH), 1770, 1693, 1683 (C=0 imide, carboxyl),
1609, 1591, 1513, 1510, 1466, 1455 sh. (C=C), 1379, 1366 (i-Pr). *H NMR:
1.29 [d, 3J=6.0 Hz, 6H, (CHs),CH], 2.58 (dd, 2J=18.1 Hz, 3J=4.9 Hz, 1H,
CHa,-CH), 3.15 (dd, 2J=18.1 Hz, 3J=9.5 Hz, 1H, CHp-CH), 3.98 (dd, 3J=9.5
Hz, 3J=4.9 Hz, 1H, CH2-CH), 4.50 (sp, 3J=6.0 Hz, 1H, O-CH), 4.92 (br, 2H,
N-CHz-N), 6.43 (br., 1H, NH), 6.71, 6.97 (m, m, 2H, 2H, O-C¢Ha4), 7.00,
7.27,7.42 (m, m, m, 1H, 1H, 1H, N-C¢Ha), 7.16 (t, 3J=7.8 Hz, 1H, N-CgHa),
12.22 (br, 1H, COOH). Found, %: C 65.62; H 5.61; N 7.35. Co1H22N>0s.
Calculated, %: C 65.95; H 5.80; N 7.33.

4-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolylme-
thylamino]benzoic acid (23) was synthesized from 15 and p-aminobenzoic
acid. White crystals. Yield: 78%, mp 196-198°C (ethanol). R{0.67 (B). IR v,
cm™: 3343 (NH), 1769, 1689 sh., 1683, 1671 sh. (C=0 imide, carboxyl),
1605, 1535, 1508, 1462 (C=C), 1378, 1367 (i-Pr). *H NMR: 1.29 [d, %J=6.0
Hz, 6H, (CH3)2CH], 2.62 (dd, 2J=18.2 Hz, 3]J=4.9 Hz, 1H, CH.-CH), 3.16
(dd, 2J=18.2 Hz, 3]=9.6 Hz, 1H, CHy-CH), 4.01 (dd, 3]=9.6 Hz, %J=4.9 Hz,
1H, CH2-CH), 4.51 (sp, %)=6.0 Hz, 1H, O-CH), 4.91 (d, ®J=6.8, 2H, N-CH,-
N), 6.73, 7.01 (m, m, 2H, 2H, O-C¢H.), 6.96 (t, %J=6.8 Hz, 1H, NH), 6.81,
7.71 (m, m, 2H, 2H, N-Ce¢Hs). Found, %: C 66.09; H 5.97; N 7.41.
C21H22N20s. Calculated, %: C 65.95; H 5.80; N 7.33.

Ethyl 4-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrro-
lylmethylamino]benzoate (24) was synthesized from 15 and ethyl 4-
aminobenzoate. White needles. Yield: 64%, mp 139-141°C (ethanol). Rf 0.81
(B). IR, v, cm™: 3335 (NH), 1771, 1757, 1703, 1686 (C=0 imide ester),
1602, 1528, 1508, 1459 (C=C), 1378, 1367 (i-Pr). *H NMR: 1.29 [d, %J=6.0
Hz, 6H, (CH3)2CH], 1.35 (t, 3)=7.1 Hz, 3H, CH3-CH,), 2.62 (dd, 2J=18.2 Hz,
3)=4.9 Hz, 1H, CH,-CH), 3.16 (dd, 2J=18.2 Hz, 3J=9.6 Hz, 1H, CHy-CH),

409



4.00 (dd, 3J=9.6 Hz, %=4.9 Hz, 1H, CH,-CH), 4.23 (q, *J=7.1 Hz, 2H, O-
CH,), 4.50 (sp, 3J=6.0 Hz, 1H, O-CH), 4.91 (br., 2H, N-CH,-N), 6.73, 6.82,
7.01, 7.73 (m, m, m, m, 2H, 2H, 2H, 2H, arom.), 7.04 (br, 1H, NH). Found,
%: C 68.97; H 6.34; N 3.71. C23H26N2Os. Calculated, %: C 69.28; H 6.08; N
3.67.

N-{4-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolyl-
methylamino]phenyl}-2-fluorobenzamide (25) was synthesized from 15
and 4-amino-N-(2-fluorophenyl)benzamide. White crystals. Yield: 88%, mp
136-138°C (ethanol). Rf 0.64 (B). IR, v, cm™: 3401, 3271 (NH amine,
amide), 1768, 1700, 1686, 1640 (C=0O imide, amide I), 1618, 1609, 1510,
1462, 1452 (C=C), 1529 (amide 11),1376, 1365 sh. (i-Pr) . *"H NMR: 1.28 [d,
3)=6.0 Hz, 6H, (CH3).CH], 2.56 (dd, 2J=18.2 Hz, 3J=4.7 Hz, 1H, CHa-CH),
3.15 (dd, 2J=18.2 Hz, 3J=9.6 Hz, 1H, CH,-CH), 3.97 (dd, %J=9.6 Hz, %)=4.7
Hz, 1H, CH,-CH), 4.51 (sp, J=6.0 Hz, 1H, O-CH), 4.90 (s, 2H, N-CH,-N),
5.98 (br, 1H, NH-CH,), 6.71-6.79, 6.93, 7.18, 7.25 (m, m, m, m, 4H, 2H,
1H, 1H, resp., O-CsHa, N-CgH4-N), 7.43-7.51, 7.71 (m, td, resp., 3J=7.5 Hz,
4J=1.9 Hz, 3H, 1H, resp., F-CsHa), 9.60 (d, °J=3.3 Hz, 1H, NH-C=0). Found,
%: C 68.43; H 5.47; N 9.00; F 4.12. C7H26FN304. Calculated, %: C 68.20;
H 5.51; N 8.84; F 4.00.

OUBUKO-XUMHNYECKHUE XAPAKTEPUCTHUKH HOBBIX TPOU3BO/JHBIX
MNUPPOJIMAUNH-2,5-TUOHOB U CPABHUTEJIbHASI OLIEHKA
UX MPOTUBOCYJOPOKHBIX CBOMCTB

C.JI. KOYAPOBY', T. A. MAHOCSIH?, C. E. YYUBAP?, u {1. TYIITYKW?

! HayuHo-TeXHOIOrMYECKHIi LIEHTP OpPraHMYecKoil ¥ (papMaleBTHYECKOH XUMHU
HAH Pecny6muku Apmenus
2 MeAMIUHCKHIT yHuBepcurer, JI1o0uH, [losnbia

CuHTE3UpOBaH psii HOBBIX MPOM3BOJIHBIX NHUPPOJIHMIMH-2,5-1MOHa, BKiIro4as N-
apwi- 1 N-apunamMuHOMeTHI3aMeIIEHHBIE aHaJIoru. B Hacrtosmed pabore mpeacTas-
JIEHBl PE3yJIbTaTbl UHCTPYMEHTAJIBHBIX METOAOB aHAJIN3a CHUHTE3UPOBAHHBIX COCIUHE-
HUI U IPOBEICHA CPaBHUTENIbHAs OLICHKA COCJUHEHMI C BBISBICHHOW IPOTUBOCYNO-
POXHOM aKTUBHOCTBIO.

MNpLOALPYDL-2,5-4PALLELD LA WoTRL33ULLELP
SPOPYU-LPUPIYUTL ALAFE-UGPLL GBI LATLS SUTUES LSNFUU3PL
NUSUNFE-3AFLLELP NUUBUESULUL ALAFE-US-LAFUL

U. L. £02Urnd, N . . ouLAU3UYL, U. 6. 20FJ U U 3w. LOAPEA4h

Upufdtgfly & wppmfofi-2,5-qpnbibibph unp dpugnfdynibbpp pupp, wyg [Foned N-
wpfy- e N-wppyjudflindbfd pynbqulpugfusd wulgguyblp: Chpluyugws b afbfthgdus
dfpuga[Fymlivbph wihiyfgh qrpdppuyfle dbfnqlibph wpgyncpbbpp b fppalubmgdws
411141115715"1_111111‘/[121 <wmllnLFJnLililb[1 Hnl_gwgl?[uu& lf[lluynL[;JnLililbp[l CWLﬂﬂfluuquiwfl
gl Qunnndp:
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