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As is known, many drugs used for the therapy of epilepsy 
have the disadvantage of lacking sedative and memory-en- 
hancing properties [I]. For this reason, there is a continuing 
search for new anticonvulsive agents producing simultaneous 
tranquilizing action and / or antiamnestic effect [2]. 

Anticonvulsive drugs exhibit a number of common struc- 
tural elements, in particular, a nitrogen-containing heterocy- 
cle and at least one carbonyl group. Most of these prepara- 
tions additionally contain two phenyl groups or a single 
phenyl group in combination with an alkyl substituent in the 
heterocycle [3]. The chemical structure of the antiamnestic 
drugs based on gamma-aminobutyric acid (GABA) also fea- 
tures these principal structural units, containing a nitrogen- 
containing heterocycte and carbonyl groups. This group of 
nootropic drugs includes l-substituted 2-pyrrolidones, with a 
substituent at the nitrogen atom represented by aminocar- 
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bonylalkyl radical (pyracetam, oxiracetam, etiracetam, 
amacetam), arencarbonyl radical (aniracetam), or urei- 
domethyl radical (imuracetam) [4]. 

Recently we have suggested a simple method for the syn- 
thesis of 1-aminocarbonyl-2-pyrrolidone [5], which was 
originally isolated from the plant Anona squamosa [6]. Tak- 
ing into account that the pharmacological properties of 2-pyr- 
rolidones with earbamoyl substituents at the nitrogen atom in 
the heterocycle are almost unknown, while the given substi- 
tuent frequently accounts for the anticonvulsive properties 
(e.g., of carbamazepine [7]), it was of interest to study the 
psychotropic properties of these GABA derivatives. Earlier 
we reported on the synthesis of  a series ofp-alkoxyphenyl- 
suceinimides [8], among which the most pronounced anticon- 
vulsive activity was observed for p-isopropoxyphenylsuccin- 
imide later called pufemide. Therefore, in this study we have 
also selected the p-isopropoxyphenyl radical as a substituent 
at the carbon atoms. 

Initial compounds for the synthesis were 2- and 4-isopro- 
poxyphenyl--4-aminobutanoic acids (la 
and Ib, respectively), phenybut (Ic), and 
GABA (Id). 

The isomeric pyrrolidones IIa and IIb 
were obtained by cyclization of the 
amino acids Ia and Ib, respectively. Urei- 
dobutanoic acids IIIa-IIId,  obtained by 
fusing aminoacids I a -  Id with urea, were 
cyclized through heating in acetic anhy- 
dride. Physicochemical characteristics of 
the synthesized compounds are presented 
in Table 1. 

The formation of intramolecular hy- 
drogen bonds in 1-carbamoyl-2-pyrroli- 
done structures explains the appearance 
of two distinct signals due to NH2 pro- 
tons in the 1H NMR spectra of com- 
pounds IVa-IVd.  We have confirmed 
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the existence of these bonds, also reported in [9], by measur- 
ing the IR absorption spectra of compound IVb. For example, 
the IR spectrum measured in chloroform contains the absorp- 

tion bands of  free NH and C=O groups (Vmax = 3480 and 
1730 cm -1, respectively) and the same groups involved in 

the intermolecular [Vraax = 3380, 3325 cm-I  (Nil) and 1705 
cm- 1 (C=O)] and intramolecular [Vmx = 3040 era- I (NH) 
and 1680 cm- l  (C=O)] association. In the spectra of dilute 
solutions, the bands characteristic of the intermolecular asso- 
ciation vanish, in contrast to the bands due to the absorption 
of free groups and intramolecular associates. Unambiguous 
evidence that the cyclization of 4-ureidobutanoic acids in 
acetic anhydride leads to the formation of 2-pyrrolidones was 
provided by x-ray diffraction data [5]. 

EXPERIMENTAL CHEMICAL PART 

The melting temperatures were determined using a 
PHMK 76 / 0904 instrument (Germany). The IR spectra were 
measured on an UR-20 spectrophotometer (Germany) using 
samples prepared as chloroform solutions or nujol mulls. The 
mass spectra were obtained with an MKh-1321A spectrome- 
ter (Russia) with a direct sample introduction in the electron- 
impact ionization source operated at an electron energy of 50 
eV and a temperature 1 5 -  20~ below the melting point of 
the sample. The tH N-MR spectra were recorded on a Varian 
T-60 spectrometer (USA) using TMS as the internal standard. 
TLC analysis was performed in supported silica gel (KSK 
grade) layers eluted with an upper phase of the butanol- 
NH4OH (35 : 15) system (system A) or with an ether-chlo- 
roform (50 : 1) mixture (system B) and developed with a Bro- 
mocresol Purple (a) or molybdophosphoric acid (b). The data 
of elemental analyses agree with the empirical formulas pro- 
posed. 

Compounds Ia and Ib were synthesized as described in 
[10]. The synthesis of ureido acid IIIc and pyrrolidones IVc 
and IVd was described in [5]. 

3-(4-Isopropoxyphenyl)-2-pyrrolidone (Ha). Amino 
acid Ia (1.185g, 5mmole) was kept in the molten state 
(210~ for 15 -  20 min, cooled down to room temperature, 
and recrystallized from 50% ethanol with an activated char- 
coal additive. Yield of compound IIa, 0.89 g. 

5-(4-Isopropoxyphenyl)-2-pyrrolidone (lib). Com- 
pound lib was obtained similarly from amino acid Ib 
(1.185 g, 5 mmole) melted at 190~ Yield of compound IIb, 
0.948 g. 

2-(4-Isopropoxyphenyl)-4-ureidobutanoic acid (Ilia). 
A mixture of 1.706 g (7.2 mmole) of amino acid Ia and 4.32 g 
(72 mmole) of urea was fused together at 130~ for 1 h. Then 
the mixture was cooled down to room temperature and dis- 
solved in 20 ml of water. The solution was discolorated with 
activated charcoal and acidified to pH 5 with 6 N HCI. The 
precipitated crystals were separated by filtration, washed with 
water, and dried to obtain 1.736 g of compound IIIa. 

4-(4-1sopropoxyphenyl)-4-ureidobutanoic acid (IIIb). 
Compound IIIb was obtained similarly from amino acid Ib 
(1.185 g, 5 mmole) and 3 g (50mmole) of urea. Yield of 
compound IIIb, 1.18 g. 

1-Aminocarbonyl-3-(4-isopropoxyphenyl)-:Lpyrroli- 
done OVa) and 1-aminoearbonyl-5-(4-isopropoxyphenyl)- 
2-pyrrolidone (IVb). Compounds IVa and IVb were synthe- 
sized by a procedure described for compound I've [5] using 
acids Ilia and IIIb (2 g, 7.14 mmole) in 10 ml acetic anhy- 
dride. 

EXPERIMENTAL BIOLOGICAL PART 

The experiments were performed on white mongrel mice 
weighing 18-22  g and rats weighing 120-  160 g. 

TABLE 1. Characteristics of the Synthesized Compounds 

Com- Yield,. M.p., Rf (eluent, M § 
pound % ~ developer) 

Empirical 
formula 

IR spectrum (nujol mull) 
V m a x ,  c m  - I 

NH C=O, C=C 

IH NMR spectrum (CDCI3) 5, ppm 

lla 81.3 121-122 0.19 (B, b) 

IIb 86.6 124 0.28 (B, b) 

Ilia 

lllb 
IVa 

86.1 159-160 0.36 (A,a) 

84.3 188 0.36(A,a) 

80.2 123 0.56 (B, b) 

IVb 83.4 183 0.58 (B, b) 

219 Ct3HI7NO 2 3173,3067 

219 CI3HITNO 2 

280 CI4H20N204 

280 CI4H2oN204 

262 Ct4HIgN203 

3333,3173, 
3067 

. . .  

3393,3272, 
3234 

262 CI4HIsN203 3340,3167 

1710, 1690, 
�9 1680, 1667, 

1647 

1714, 1673, 
1667, 1 640 

1727, 1693, 
t675, I653, 
1640 

1747, 
1720, 
1680, 
1650 

1733, 
1693, 
1667, 

1.28 (d, 6H, 2Me), 1.75-2.88 (m, 2H, CH2CH), 
3.23 -3.70 (m, 3H, CHzN, CHCO), 4.23 -4.73 
(m, 1 H, CHMe2), 6.70 - 7.40 (m, 5H, Harom, NH) 

1.30 (d, 6H, 2Me), 1.62 -2 .77 (m, 4H,2 CH2), 
4.25 - 4.78 (m, 2H, 2CH), 6.63 - 7.32 (q, 5H, Harom, NH) 

1.35 (d, 6H, 2Me), 1.90 - 2.66 (m, 2H, CH2CH ), 
3.50-4.10 (m, 3H, CHCO, CH2N), 4.30-4.80 
(m, 1 H, CHMe2), 5.60 (bs, I H, NH), 6 .76-  7.33 
(m, 4H, Harom), 8.25 (bs, 1 H, NH) 
1.35 (d, 6H, 2Me), 1.50- 2.85 (m, 4H, 2CH2) , 
4 .20-  4.65 (m, l H, CHMe2), 5.50 (m, 2H, CHCH2), 
6.60-7.25 (m, 4H, Harom ), 8.25 (bs, IH, NH) 
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TABLE 2. Anticonvulsive and Neurotoxic Activity of  the Synthesized Compounds 

Compound 
Antagonist test EDs0, mg / kg 

corazole maximum electroshock thiosemicarbazide 
TD99, m g /  kg 

Ib 88 (46 .8 -  167.2) n / a  

IVa 120 ( 6 0 -  240) 155 (117.3 - 294.6) 

IVb 65 (36.1 - 117) 200 (175.4-228)  

IVc 200 200 

IVd n / a  n / a  

Phenybut (lc) n / a n / a 

Piracetam n / a n / a 

70 (48.1 - 103.6) 

50 >100 

250 (226.8-290)  310 (172.2 - 5 5 8 )  

200 200 

n / a  I000 

105 (80.1 - 132.3) 250 (131.5-475)  
u//a 

Note: n / a - no activity. 

The tranquilizing action of the synthesized compounds 
was studied on a model of neurosis in rats (conflict situation 
test [11 ]). The antiamnestie properties were determined using 
a passive avoidance conditional reflex (PACR) test [12]. The 
anticonvulsive effect in mice was assessed using the antago- 
nist tests with corazole (85 mg/kg ,  s.c.) and arecoline 
(15 mg/kg ,  s.c.) or thiosemicarbazide (24 mg/kg ,  i.p.) and 
nicotine (8 mg/kg ,  i.p.) and by the maximum electroshock 
(MES) test with corneal electrodes (50 mA, 0.2 see). 

The myorelaxant-neurotoxicity action, which is an un- 
desired side effect for tranquilizers, was determined in mice 
by the rotating rod test. 

The compounds tested were introduced 45 rain prior to 
experiments by intraperitoneal injections with an aqueous 
suspension of carboxymethyl cellulose and Tween-80. Ani- 
mals in the control groups were injected with the pure sus- 
pension. Reference drugs were represented by the tranquilizer 
phenybut [13] and the nootropic agent piracetam [14]. Each 
compound was tested in a group of 10-  25 animals. The ex- 
perimental results were statistically processed and expressed 
in the form of effective (ED) and neurotoxicity (TD) doses. 

RESULTS AND DISCUSSION 

Among the linear GABA derivatives studied ( Ia -  Ic), an 
anticonvulsive effect in the corazole antagonist test was ob- 
served only for compound Ib (Table 2), while amino acids Ia 
and Ic (phenybut) showed no evidence of activity (as well as 
lactams IIa and IIb). An antagonism with respect to corazole 
was also observed for compounds IVa-IVc,  whereas com- 
pound IVd and piracetam were inactive. 

The ability to prevent the convulsions induced by 
thiosemicarbazide was exhibited by amino acid Ib, its cyclic 
derivative IVb, and phenybut. Piracetam and compounds Ia, 
lla, IIb, and IVd possessed no activity of this type. 

None of the compounds studied showed activity in the 
tests for preventing the convulsive action of arecoline and 
nicotine. A weak protective effect in the MES test was ob- 
served for compounds IVa and IVb. 

As for the conflict situation test, compounds IVb, IVd, 
and phenybut (but not piracetam) exhibited more or less pro- 
nounced tranquilizing effects (Table 3). 

Pyrrolidones IVb and IVd also produced certain antiam- 
nestic action (Table 3), the activity oflVb being close to that 
of piracetam. 

As is known, the character and position of substituents in 
the pyrrolidone ring affect the manifestation of  various types 
of the pharmacological activity. For example, 5-alkyl-2-pyr- 
rolidones produce a sedative action in the absence of  anticon- 
vulsive effect [15], while 5-ethyl-5-phenyl-2-pyrrolidone ex- 
hibits simultaneous tranquilizing and anticonvulsive activity 
[16]. Nootropic activity was recently reported for N-acyl de- 
rivatives of 4-phenyl-2-pyrrolidone [17], in agreement with 
the earlier observation for a 4-phenyl analog of  pimcetam 
[18]. 

A comparative analysis of data on the anticonvulsive ac- 
tivity, as manifested in the corazole antagonist tests with lac- 
tams IIa and lib, their N--carbamoyl analogs IVa and IVb, and 
1-carbamoyl-2-pyrrolidone IVd (not substituted at the carbon 
atom), leads to a conclusion that simultaneous presence of  an 

TABLE 3. Tranquilizing and Antiamnestic Activity of  the Synthesized 
Compounds 

Conflict Electroshock 
Compound, dose, situation amnesia 

mg / kg test** test*** 

Control (n = 6) 1.6 (1.1 - 2 . 1 )  7.4 (4.3 - 10.5) 

IVb, 100 (n = 7), 149.0 (62.8-235.2)* 

200 14.7 (4.9 - 24.5)* 

Control (n = 6) 3.3 (1 .7-4 .9)  7.4 (4.3 - 10.5) 

lVd, 100 (n = 6) 7.8 (3.3 - 12.3)* 91.0 (25.6 - 156.4)* 

Control (n = 6) 1.6 ( I , 1 -2 .1 )  

Phenybut, 200 (n = 5) 10.2 (2.4 - 18.0)* No data 

Control (n = 6) 1.6 (1.1 - 2.1 ) 7.4 (4.3 - 10.5) 

Piracetam, 
1000 (n = 13) 133.2 ( 8 6 . 2 -  180.2)* 

1450 2.7 (2.0 - 3.4) 

p < 0.05 relative to control. 
Number of  water take trials [ 11 ]. 

"~ Time of  stay in the light compartment [12]. 
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aryl substituent at the carbon atom in the pyrrolidone ring and 
a carbamoyl group at the heteroatom is a necessary condition 
for this type o f  activity. Indeed, no anticonvulsive effect was 
observed for the compounds missing aryl substituents at the 
carbon atom even in the presence of  carbamoyl (IVd) or car- 
bamidomethyl  (piracetam) groups in position I. Nor  did we 
find this activity in C(3)- and C(5)-aryl-2-pyrrolidones with 
unsubstituted NH groups (compounds IIa and lib, respec- 
tively). The carbamoyl group at a nitrogen atom o f  the C-sub- 
stituted pyrrolidone ring also favored manifestation o f  the an- 
ticonvulsive effect in the thiosemicarbazide antagonist test 
(compounds lib and IVb), although a linear form (compound 
ib) is somewhat  preferred in this respect. 

Thus, the synthesis and characterization o f  a series o f  
compounds containing structural elements o f  the known anti- 
convulsive drugs and nootropic agents led to compound IVb 
possessing simultaneously the tranquilizing, anticonvulsive, 
and antiamnestic properties. 

R E F E R E N C E S  

I. A. I. Boldyrev, Epilepsy in Adults [in Russian], Meditsina, Mos- 
cow (1984), p. 288. 

2. Ekspress-Inform. Khim.-Farm. Proizv. za Rubezhom, No. 2, 3 - 5 
(1990). 

3. A. Chimirri, A. De Sarro, G. De Sarro, et al., J. Med. Chem., 
32(1), 93 - 95 (1989). 

4. M. Negwer, Organic-Chemical Drugs and Their Synonyms, Aca- 
demie-Verlag, Berlin, (1987), Vol. 1. 

5. S. A. Avetisyan, S. L. Kocharov, L. V. Azaryan, et al., Khim. 
Geterotsikl. Soedin., No. 1, 33 - 3 8  (1995). 

6. T.H. Yang and C. M. Chen,,/. Chin. Chem. Soc. (Taipei), 19(3), 
149-  151 (1972). 

7. M. D. Mashkovskii, Drugs [in Russian], Part. 1, Meditsina, 
Moscow (1993), p. 44. 

8. S. A. Avetisyan and O. L. Mndzhoyan, Arm. Khim. Zh., 23(4), 
354-364 (1970). 

9. V. E. Marquez, J. A. Kelley, and J. S. Driscoll, J.. Org. Chem., 
42(26), 5308-5312 (1980). 

10. S. A. Avetisyan, S. L. Kocharov, L. V. Azaryan, Zh. Organ. 
Khim., 32(I 1), 1719- 1723 (1966). 

11. I. A. Dzhagatspanyan, L. V. Azaryan, G. G. Melikyan, et al., 
Khim.-Farm. Zh., 25(3), 32 - 34 (1991). 

12. T. A. Voronina and K. yon Littrov, FarmakoL ToksikoL, 43(3), 
2 9 6 -  299 (1980). 

13. R. A. Khaunina and I. P. Lapin, Khim.-Farm. Zh., 10(12), 125 - 
127 (1976). 

14. M. D. Mashkovskii, U F. Roshchina, A. I. Polezhaeva, et al., 
Khim.-Farm. Zh., 11(8),132- 138 (1977). 

15. P. P. Denisenko and K. A. Lisitsina, Abstracts of Papers, The 
All-Union Syrup. "Pharmacology of Gamma-Aminobutyric Acid 
Derivatives'" [in Russian], Tartu (1983), pp. 42 -43 .  

16. M. P. De la Mora and R. Tapia, Biochem. Pharmacol., 22(20), 
2635 - 2639 (1973). 

17. T. A. Voronina, O. M. Glozman, L. M. Meshcheryakova, et al., 
Khim.-Farm. Zh., 29(12), 34 - 37 (1995). 

18. Yu. G. Bobkov, I. S. Morozov, O. M. Glozman, et al., Byull. 
Eksp. BioL Med., No. 4, 50 - 5 2  (1983). 


