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Some new N-substituted pyrrolidin-2-ones, cyclic analogues of baclofen and of 3-(5-methoxybenzo-
[p]furan-2-yl)-y-aminobutyric acid, have been prepared and characterized, starting from 4-(4-chlorophenyl)-
pyrrolidin-2-one and 4-(5-methoxybenzo[b]furan-2-yl)pyrrolidin-2-one.
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Several neurological and neuropsychatric disorders, such
as epilepsy, Huntington's, and Parkinson's diseases, have been
reported to be associated with a decrease in the y-amino-
butyric acid levels in the central nervous system [1-2]. These
observations suggest that increasing levels of y-aminobutyric
acid in the central nervous system may be useful in the treat-
ment of such neuropsychiatric disorders. Unfortunately, the
administration of y-aminobutyric acid is not efficient because,
under normal conditions, it very poorly crosses the
blood-brain barrier, presumably as a result of its low
lipophilicity [3]: the brain penetration index for y-amino-
butyric acid was found to be 1% regardless of the mode of
administration and dose [4]. Among the different strategies
used to increase the brain uptake of y-aminobutyric acid [5],
the prodrug approach using y-lactam derivatives is one of the
most promising: thus 1-acyl-2-pyrrolidinone derivatives gave
Y-aminobutyric acid-like depressant effects on the central ner-
vous system, and anticonvulsant and sedatives actions [2] are
observed with aniracetam 1 and pramiracetam 2. In the same
way, an antiamnesic activity was observed with 1-arylmethyl-
5-alcoxypyrrolidin-2-ones [6].
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Baclofen 3 is a selective y-aminobutyric acid type B receptor
agonist, structurally related to y-aminobutyric acid, which is
used clinically in the treatment of spasticity [7]. It acts as a
skeletal muscle relaxant, by inhibiting the excitatory neuro-
transmitter release into motor neurones of the spinal cord [8].

The cyclic analogues 4, 5, 6 of baclofen showed muscle relax-
ant activity [9]; as for the 5S-methoxybenzo[b]furan-2-yl analog
7 of baclofen, it is a selective y-aminobutyric acid type B recep-
tor antagonist [10-14], mainly used as a biochemistry marker.
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On the other hand, cognitive deficits and memory loss
are frequently associated with aging (benign senescent for-
getfulness), senile dementia, and primary degenerative
dementia (Alzeimer's disease) [15]. Due to demographic
changes and the strong increase in mean life expectancy in
developed countries, the incidence of cognitive disorders
in the population is likely to grow [16]. The development
of therapeutic approaches in the treatment of cognitive dis-
orders is thus a real and urgent problem nowadays. Among
the possible therapeutic interventions, pyrrolidin-2-one
derivatives [17] such as piracetarn 8 and related nootropics
are currently used for their facilatory effects for learning
and memory in animals models [18].

(o

N

‘\n/NHz
0
8

Figure 3



580 S. A. Ebrik, B. Rigo, C. Vaccher, M-P. Vaccher, N. Flouquet, M. Debaert, and P. Berthelot

In other respects, prolylendopeptidase is a serine pro-
tease that specifically cleaves peptidyl proline bonds [19],
hydrolyzing many biologically active peptides, including
thyrotropin-releasing hormone, substance P, angiotensin
11, ocytocin, and bradykinin [20-21]. This enzyme also
degradates arginine vasopressin and this may facilitate
learning and memory {22]. Yoshimoto rcported that pro-
lylendopeptidase inhibitors such as 1-[1-(benzyloxy-
carbonyl)-L-prolyl]prolinal (Z-Pro-prolinal) 9 reversed
scopolamine induced amnesia in the passive avoidance
learning test in rats [23-24] and that the antiamnesic
effects of these compounds were approximately parallel
to their inhibition potential towards prolylendopeptidase
in vitro [23-25]. Some nootropic y-lactams such as anirac-
etam 1 and pramiracctam 2 arc also inhibitors of prolylen-
dopeptidase [24].
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In this paper, we deal with the synthesis of new pyrro-
lidin-2-ones, cyclic analogucs of 3 and 7 in order (o
increase their lipophilicity and brain penctration.

The first starting compounds of these syntheses 4-(5-
methoxybenzo[b]furan-2-yl)pyrrolidin-2-onc 16 was pre-
pared in five steps from commercially available salicyl-
aldehyde 10 according to the literaturc mcthods
(Scheme 1) [14]. Salicylaldchyde 10 was reacted with
bromoacetaldehyde dicthylacctal in dimethylformamide
to give compound 11. This product was cyclized to
5-methoxybenzo[blfuran-2-ylcarboxaldchyde 12 by
heating in acetic acid. The treatment of aldchyde 12 with
(carbethoxymethylene)triphenylphosphorane in benzene
at reflux gave adduct 13, wich was trcated by
nitromethane at 85° to afford the nitro ester 14, The cat-
alytic reduction of compound 14 at atmospheric pressure
led to a mixture of aminocster 15 and lactam 16 whose
the heating at 100° gave pure lactam 16.

4-(4-chlorophenyl)pyrrolidin-2-onc 17 was prepared {rom
baclofen 3 by cyclisation in boiling tolucne in the presence of
silica gel (Scheme 2) [9]; alternately this product can be
obtained by heating 3 at melting point for a few minutes [26].

The dircct acylation [2,10] of 4-arylpyrrolidin-2-one 16,
with acyl chlorides, at room temperature, in the presence
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of tricthylamine, gave 1-acylpyrrolidin-2-one derivates 18
and 19 in average yicld (Scheme 3). The crude products
obtained could casily be purified by recrystallization.
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Treatment of the sodium salt of 4-arylpyrrolidin-2-one 16,

with 3,4-dichlorobenzyl bromide in dimethylformamide
[27], provided a 60% yield in 1-(3,4-dichlorobenzyl)-4-(5-
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methoxybenzo[b]furan-2-yl)pyrrolidin-2-one 20 (Scheme
4). This oil was purified by semipreparative high perfor-
mance liquid chromatography.

The 1-alkyl-4-arylpyrrolidin-2-one 21 and 22 were
obtained by reaction of ethyl bromoacetate with the
sodium salt of 4-arylpyrrolidin-2-one 16 and 17 [28-29]
(70 and 80% yield) or by alkylation of the pyrrolidinone 16
and 17 in phase transfert conditions, using potassium car-
bonate as the base [29-32] (66 and 86%) (Scheme 5). The
expected products were obtained after purification by
preparative high performance liquid chromatography.
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Amides 23 and 24, analogues of piracetarn, were pre-
pared by ammoniolysis of the corresponding ethyl esters
21 and 22 with methanolic ammonia [28]. The crude prod-
ucts were purified by recrystallization (Scheme 6).
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The structures of these new pyrrolidinones were estab-

lished by elemental analysis and spectral data. Biological
properties will be reported elsewhere.

Cl
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EXPERIMENTAL

Melting points were determined by using a Btichi SMP 20 and
are uncorrected; analytical thin layer chromatography (tlc) was
performed on precoated Kieselgel 60F,s, plates (Merck); the IR
spectra were recorded on a Beckman Acculab IV spectrometer
and the nmr spectra on a Bruker WP80 at 80 MHz or a Brucker
AC300 at 300 MHz, using tetramethylsilane as an internal refer-
ence. Elemental analysis were performed by the "Service Central
de Microanalyses” of CNRS in Vernaison, France. Preparative
high performance liquid chromatographies were realised on a
system Modul Prep (JOBIN-YVON) with a refractometric RI
TOTA detector and a UV Spectromonitor D (LDC) detector.

1-Benzoyl-4-(5-methoxybenzo[b}furan-2-yl)pyrrolidin-2-one (18).

Benzoyl chloride (0.13g, 0.9 mmole) was slowly added to a
solution of 4-(5-methoxybenzo[b]furan-2-yl)pyrrolidin-2-one 16
(0.21 g, 0.9 mmole) and triethylamine (0.12 ml, 0.9 mmole) in
dry tetrahydrofuran (15 ml). The mixture was stirred for 48 hours
at room temperature, the precipitate of triethylamine hydrochlo-
ride was filtered and the solvent was evaporated under vacuum.
The oily residue obtained was washed with ether and filtered,
yield 63%, mp 165-167° (acetone); tlc (ethyl acetate) Ry, 0.65; ir
(potassium bromide): (v cm-1) 1685, 1760, 3100; 'H nmr (80
MHz) (deuteriochloroform): 6 ppm 3.00 (d, I = 7.7 Hz, 2H), 3.85
(s, 3H), 3.80-4.40 (m, 3H), 6.55 (s, 1H), 6.9 (dd, ] = 8.7, 2.6 Hz,
1H), 7.00 (d, ] = 2.0 Hz, 1H), 7.35-7.75 (m, 6H)

Anal. Caled. for CyoH7NO,: C, 71.62; H, 5.12; N, 4.18; O,
19.08. Found C, 71.38; H, 5.31; N, 4.26; O, 19.13.

1-(4-Methoxybenzoyl)-4-(5-methoxybenzo[b]furan-2-yl)pyrro-
lidin-2-one (19).

4-Methoxybenzoyl chloride (0.17 g, 1.2 mmoles) was slowly
added to a solution of 4-(5-methoxybenzo[b]furan-2-yl)pyrro-
lidin-2-one 16 (0.21 g, 0.9 mmole) and triethylamine (0.17 ml,
1.2 mmoles) in dry tetrahydrofuran (15 ml). The solution was
stirred for 48 hours at room temperature, the precipitate of tri-
ethylamine hydrochloride was filtered and the solvent evaporated
under vacuum. The residue obtained was basified with a sodium
hydroxyde solution (I1N), then extracted with ethyl acetate and
washed with water. After drying, the solvent was evaporated. The
residue was washed with ether and filtered, yield 46%, mp 176-
177° (acetone); tlc (ethyl acetate) Ry, 0.63; ir (potassiurn bro-
mide): (v em-1) 1655, 1735, 2945; 'H nmr (80 MHz) (deuterio-
chloroform): 8 ppm 2.85-3.05 (m, 2H), 3.85 (s, 3H), 3.85 (s, 3H),
3.7-4.35 (m, 3H), 6.55 (s, 1H), 6.80-7.80 (m, 7TH).

Anal. Caled. for C5H gNOs: C, 69.02; H, 5.25; N, 3.83; O,
21.90. Found: C, 68.81; H, 5.26; N, 3.77; O, 21.62.
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1-(3,4-Dichlorobenzyl)-4-(5-methoxybenzo[b]furan-2-yl)pyrro-
lidin-2-one (20).

A sodium hydride dispersion (50% in mineral oil, 0.05 g, 0.99
mmole) was added to a solution of 4-(5-methoxybenzo[b]furan-2-
yl)pyrrolidin-2-one 16 (0.21 g, 0.9 mmole) in dimethylformamide
(10 m1) under an argon atmosphere at room temperature. The mix-
ture was stirred for 45 minutes, then a solution of 3,4-dichloroben-
zyl bromide (0.27 ml, 0.99 mmole) in dimethylformamide was
added and the stirring was continued for 3 hours. Water was care-
fully added and the solution was extracted with ether. After drying
and evaporation under vacuum, the residue was purified by semi-
preparative high performance liquid chromatography (silicagel 10
um, ethy) acetate-hexane 80/20 (v/v), A = 345 nm), yield 60%; tic
(ethyl acetate-hexane 80/20 (v/v)) R, 0.33; ir (potassium
bromide): (v cm!) 1690, 2935; 'H nmr (80 MHz) (deuterio-
chloroform): 8 ppm. 2.80 (d, J = 6.3 Hz, 2H), 3.35-3.75 (m, 3H),
3.80 (s, 3H), 4.45 (s, 2H), 6.40 (s, 1H), 6.80 (dd, J = 2.7, 89 Hz,
1H), 6.95 (d, J = 2.5 Hz, 1H), 6.75-7.45 (m, 4H).

Anal. Calcd. for CogH,4C1,NO5: C, 61.55; H, 4.40; Cl, 18.16;
N, 3.59; O, 12.30. Found: C, 60.99; H, 4.47; Cl, 18.67; N, 3.47;
O, 12.41.

1-Ethoxycarbonylmethyl-4-(4-chlorophenyl)pyrrolidin-2-one
(21) with Sodium Hydride.

A solution of 4-(4-chlorophenyl)pyrrolidin-2-one 17 (0.51 g, 2.6
mmoles) in tetrahydrofuran (10 ml) was slowly added to a sodium
hydride suspension (50% in mineral oil, 0.19 g, 3.9 mmoles) in
tetrahydrofuran. The mixture was refluxed and ethyl bromoacetate
(0.43 ml, 3.9 mmoles) was added. The refluxing was continued for
16 hours. After cooling, water was added and the solution was
extracted with ether and dried with sodium sulfate. The solvent was
evaporated and the residue obtained was purified by preparative
high performance liquid chromatography (silica gel 5-40 pum,
dichloromethane-methanol 99/1 (v/v), A = 310 nm), yield 70%.

With Potassium Carbonate.

A mixture of 4-(4-chlorophenyl)pyrrolidin-2-one 17 (0.51 g, 2.6
mmoles), tetrabutylammonium bromide (0.42 g, 1.3 mmoles) and
potassium carbonate (1.80 g, 13.0 mmoles) in acetonitrile (4 ml)
was stirred for 3 hours at room temperature. Ethyl bromoacetate
(0.37 m}, 3.3 mmoles) was slowly added and the mixture was
stirred at 60° for 12 hours, then for 2 days at room temperature.
The mixture was filtered and the solvent evaporated under vac-
uum. The oil residue was purified by preparative high performance
liquid chromatography (silica gel 5-40 pm, dichloromethane-
methanol 99/1 (v/v), A = 310 nm), yield 66%; tlc (chloroform-
methanol 60/40 (v/v)) Ry, 0.85; ir (potassium bromide): (v cm-l)
1700, 1755, 2990; 'H nmr (80 MHz) (deuteriochloroform): § ppm
1.25 (t, 1= 7.1 Hz, 3H), 2.35-2.85 (m, 2H), 3.40-3.90 (m, 3H), 4.15
(s, 2H), 4.05-4.40 (q, J = 7.1 Hz, 2H), 7.10-7.40 (m, 4H).

Anal. Calcd. for Cy4H,cCINO;: C, 59.68; H, 5.73; Cl, 12.5 8;
N, 4.97; O, 17.04. Found: C, 59.49; H, 5.89; Cl, 12.19; N, 4.61;
0, 17.50.

1-Ethoxycarbonylmethyl-4-(5-methoxybenzo[b}furan-2-
yl)pyrrolidin-2-one (22).

With Sodium Hydride.

A solution of 4-(5-methoxybenzo[b]furan-2-yl)pyrrolidin-
2-one 16 (0.23 g, 1.0 mmole) in tetrahydrofuran (5 ml) was
slowly added to sodium hydride suspension (50% in mineral oil,
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0.07 g, 1.5 mmoles) in tetrahydrofuran. The mixture was refluxed
and ethyl bromoacetate (0.17 ml, 1.5 mmoles) was added. The
refluxing was continued for 16 hours. After cooling, water was
added and the solution was extracted with ether and dried with
sodium sulfate. The solvent was evaporated and the residue
obtained was purified by preparative high performance liquid
chromatography (silica gel 5-40 um, dichloromethane-methanol
99/1 (v/v), A =310 nm), yield 80%.

With Potassium Carbonate.

A mixture of 4-(5-methoxybenzo[b]furan-2-yl)pyrrolidin-2-
one 16 (0.51 g, 2.2 mmoles) tetrabutylammonium bromide
(035 g, 1.1 mmoles) and potassium carbonate (1.52 g, 11.0
mmoles) in acetonitrile (4 ml) was stirred for 1 hour at room tem-
perature then ethyl bromoacetate (0.31 ml, 2.8 mmoles) was
slowly added. The mixture was stirred at 60° for 3 hours then for
2 days at room temperature. The mixture was filtered and the sol-
vent evaporated under vacuum. The oil residue was purified by
preparative high performance liquid chromatography (silica gel
5-40 pm, dichloromethane-methanol 99/1 (v/v), A = 310 nm),
yield 86%; tlc (dichloromethane-methanol 95/5 (v/v)) Ry, 0.62; ir
(potassium bromide): (v em-1) 1695, 1765, 2940; 'H nmr (80
MHz) (deuteriochloroform): & ppm. 1.30 (t, J = 7.2 Hz, 3H),
2.65-2.95 (m, 2H), 3.85 (s, 3H), 3.60-3.95 (m, 3H), 4.25 (s, 2H),
4.10-4.35 (q, J = 7.2 Hz, 2H), 6.50 (s, 1H), 6.85 (dd, J =29, 8.6
Hz, 1H), 6.95 (4, J = 2.9 Hz, 1H), 7.30 (d, J = 8.6 Hz, 1H).

Anal. Caled. for Cy7H oNOs: C, 64.33; H, 6.05; N, 4.41; O,
25.21. Found: C, 63.93; H, 6.09; N, 4.24; O, 25.55.

1-[2-Oxo0-4-(4-chlorophenyl)]pyrrolidinacetamide (23).

A solution of 1-ethoxycarbonylmethyl-4-(4-chlorophenyl)-
pyrrolidin-2-one 21 (0.45 g, 1.6 mmoles) in methanol (20 ml) was
cooled at -35° and a 20% aqueous ammonia solution (1 ml) was
added to the stirred mixture. The stirring was continued for 30 min-
utes at 0° and for 15 hours at room teraperature, then the solvent
was evaporated. The residue was washed in ether. The solid was
filtered and recrystallized from ethyl acetate, yield 65%, mp 133-
136°; tlc (chloroform-methanol 60/40 (v/v)) Rg, 0.80; ir (potassium
bromide): (v em-1) 1675, 1720, 3180, 3395; 'H nmr (80 MHz)
(deuteriochloroform): 8 ppm 2.30-2.70 (m, 2H), 3.40-3.95 (m,
3H), 4.00 (s, 2H), 5.75 and 6.15 (2 bs, 2H), 7.05-7.45 (m, 4H).

Anal. Calcd. for C;,H;3CIN,0,: C, 57.03; H, 5.20; Cl, 14.03;
N, 11.08; O, 12.66. Found: C, 57.26; H, 5.46; Cl, 13.64; N, 11.10;
0, 12.54.

1-[2-Oxo-4-(5-methoxybenzo[b]furan-2-yl)]pyrrolidinacetamide
24).

A solution of 1-ethoxycarbonylmethyl-4-(S5-methoxybenzo[b]-
furan-2-yl)pyrrolidin-2-one 22 (0.68 g, 2.1 mmoles) in methanol
(20 ml) was cooled at -35°. The mixture was stirred and saturated
with ammonia, and the stirring was continued for 15 hours at room
temperature. The solvent was evaporated and the residue was
washed in ether. The solid was filtered and recrystallized from
ethyl acetate, yield 63%, mp 174-176°; tlc (dichloromethane-
methanol 95/5 (v/v)) Ry, 0.21; ir (potassium bromide) : (v cml)
1675, 1710, 3155, 3320; 'H nmr (300 MHz) (deuteriochloroform):
8 ppm 2.75-2.95 (m, 2H), 3.70-4.10 (m, 5H), 3.85 (s, 3H), 5.45 and
6.15 (2 bs, 2H), 6.50 (s, 1H), 6.90 (dd, J = 2.6, 8.9 Hz, 1H), 7.00 (d,
J=2.5Hz, 1H), 730 (d, J= 8.9 Hz, 1H).

Anal. Calcd. for C15H;¢N,Oy4: C, 62.48; H, 5.60; N, 9.71; O,
22.20; Found : C, 62.46; H, 5.61; N, 9.70; O, 22.42.
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