
Eur. J. Med. Chem. 33 (1998) 201-207 
© Elsevier, Paris 

201 

Short communication 

2-Oxo-2-(phen-2-ylpyrrol-2-yl)acetamides as potential anxiolytic agents: 
Synthesis and affinity at the central benzodiazepine receptor 

Hugues Dumoulina, Michel Boulouarda, Martine Daoustb, Sylvain Raulta* 
aU.ER. Sciences Pharmaceutiques, Centre d'Etudes et de Recherche sur le M~dicament de Normandie, 

1 Rue Vaubdnard, 14032 Caen, Fra,Tce 
bU.ER. Mddecine Pharmacie, ERPUR INSERM U295, Centre d'Etudes et de Recherche sur le Mrdicament de Normandie, 

76000 Rouen, France 

(Received 30 June 1997; accepted 9 October 1997) 

Abstract - A series of N-substituted 2-hydroxy and 2-oxo-2-(phen-l-ylpyrrol-2-5l)acetamides were synthesized and their affinity at 
the benzodiazepine receptor tested. Isosteric replacement of the indolyl ring in previously described derivatives by a phen-1-ylpyrrole 
led to the synthesis of seven compounds 8-9, 12-14, 23 and 26 with benzodiazepine affinity (K~ < 0.90 ~M). Among these, 26 exhibits 
an interesting anxiolytic activity and weak lateral effects. © Elsevier, Paris 

benzodiazepine receptor affinity / phenylpyrrolylacetamide / anxiolytic activity 

1. Introduct ion  

Benzodiazepine receptors (BZR) ligands do not 
only belong to the benzodiazepine series. Besides 
these, a wide variety of various structural classes of 
agonists, antagonists or inverse agonists has been 
described [ 1-6] and all the molecular features respon- 
sible for receptor binding have not been completely 
established. In a large programme of original psycho- 
tropic heterocyclic compounds synthesis [7, 8] our 
laboratory had already described the preparation of 
new phen-l-ylpyrroles [9-11]. Moreover, we had 
undertaken the systematic biological evaluation of 
BZR ligands and pharmacological studies of several 
new coumpounds we had previously synthesized [12]. 
On the other hand, some N-(indol-3-yl), N-(benzo- 
thien-3-yl) and N-(benzofur-2-yl) 2-oxacetamides 
derivatives with BZR affinity have recently been 
described [13, 14]. In this double context, a series of 
new 2-oxo-2-(phen-l-ylpyrrol-2-yl)acetamide deriva- 
tives has been prepared, postulating that isosteric 
replacement of the indolyl ring by the phen-l-ylpyr- 
role nucleus could lead to compounds with potential 

*Correspondence and reprints 

BZR activi~ty (figure 1). Synthesis and results obtained 
in their preliminary pharmacological screening are 
included irt this present report. 

2. Results  and discussion 

2.1. Chemis try  

Synthesi s of 2-oxo-(phen- 1 -ylpyrrol-2-yl)acetamide 
derivatives 1-27 involves the condensation of oxalyl 
chloride with the appropriate phen-l-ylpyrrole. These 
were previously synthesized from the corresponding 
anilines using 2,5-dimethoxytetrahydrofuran in acetic 
acid according to the Clauson-Kaas procedure [15, 
16]. After adding oxalyl chloride and a 6 h period stir- 
ring at room temperature in acetonitrile, the (phen-1- 
ylpyrrol-2-yl)acyl chloride is used without further 
purification in a one-pot procedure in which the 
appropriate', amine, benzyl (n = 1, compounds 1-4) 
or phenethylamine (n = 2, compounds 5---27), is added 
by a simple slow addition to the reactant mixture 
(figure 2). Using sodium borohydride in methyl alco- 
hol allows the selective reduction of the c~-carbonyle 
moiety and leads to the synthesis of 2-hydroxyacet- 
amide derivatives 28-31 [17]. The structures of all the 
resulting products 1-31 purified by recrystallization 
and reported in table 1, are supported by analytical, IR 
and NMR spectral data (table I1). 
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Figure 1. 

2.2. Pharmacology 

All the compounds 1-31 reported in this work were 
originally evaluated at 10-5 M for their ability to 
displace the 3H-flunitrazepam (3H-FLU) from its 
specific binding in rat brain. Then, inhibition 
constants K~ were calculated for the more active ones 
(inhibition percentage superior at 75%) (table 1). 
Derivatives 8, 14 and 26 having stronger affinity at 
BZR, were submitted for acute toxicity and behavioral 
studies in mice, using the method of Morpugo [18]. 
Effects on spontaneous activity, proconvulsant and 
anticonvulsant activities were studied in mice at doses 
not greater than approximately 0.40 LDs0. Morever, 
anxiolytic activity of these three title compounds were 
evaluated with the Black and White test box [ 19]. 

For in vivo studies, the compounds were adminis- 
trated i.p. Some reference standards, such as diaze- 
pam, methyl [~-carboline-3-carboxylate ([3-CCM) and 
chlorazepate were included in the tests for comparison 
purposes. 

Inhibition percentages of 3H-FLU binding for deri- 
vatives 1-31 are also reported in table I. Among 
these, seven compounds 8, 9, 12-14, 23 and 26 exhi- 
bited a good affinity at BZR. K~ values range from 
0.054 to 0.875 gM. 

First affinity data and activity profile results reveal 
that N-benzyl derivatives 1-4 demonstrated a low affi- 
nity at the benzodiazepine receptor. Condensed amine 
should be a phenethyl amine. Interestingly, reduction 
of a carbonyle moiety (2-hydroxyacetamides 28-31) 
lowers this affinity. 

N-phenethyl 2-oxo-2-(phen- 1-ylpyrrol-2-yl)acet- 
amides identified as compounds 5-27 exhibited some 
affinity at BZR especially when the phenyl nucleus of 
the phenethyl moiety is substituted with a chloro or a 
methoxy in the 4-position. On the other hand, affinity 
seems tc, be enhanced if compounds possess a 
methoxy in the 2 and/or 3-positions and in the 
4-position of the phenyl linked to the pyrrole nucleus 
(compounds 14, 23 and the most potent 26), but a 
halogen (i.e. chloro, fluoro) or even a hydroxy allows 
a good binding activity (compounds 8-9, 12-13). 

Concerning the behavioral effects evaluated in mice 
with the procedure of Irwin-Morpugo, subtoxic doses 
of compounds 8, 14 and 26 only produce hypoactivity 
and relaxation effect. These effects were increased 
after 3 h. No ataxic effects occured even at high 
doses. Moreover, the compounds produced a sponta- 
neous motility decrease with a dose at least five times 
higher than diazepam. On the other hand, the tested 
compounds did not show neither proconvulsant nor 
anticonvulsant activity (table II1). 

Behavioral effects of compounds 8, 14 and 26 were 
investigated with the Black and White test box. 
Crawley and coworkers have used the number of tran- 
sitions performed by mice between two experimental 
chambers as an index of anxiety. One of the chambers 
is large and brighty lit, and the other one is smaller 
and under a low level of illumination. This test exhi- 
bits a degree of face validity in that light serves as an 
anxiogenlc stimulus, and there is an apparent conflict 
between the desire to explore and the desire to avoid 
the brighty lit part of the apparatus. Drugs which 
increase the number of light-dark transitions at doses 
that do not increase locomotor activity, are presumed 
to have anxiolytic properties [19]. In this work, the 
three title compounds 8, 14 and 26 were tested with 
doses inferior to the minimal dose known to induce a 
significative decrease of spontaneous activity in the 
photoactimeter test (doses _< 50 mg/kg for derivatives 
8 and 14; doses _ 10 mg/kg for 26). Compounds 8 and 
14 failed to demonstrate either anxiolytic or anxio- 
genic activity (no increase or decrease of transition 
number compared to the control lot) but 26 exhibited 
anxiolytic activity with in particular a significative 
increase of the transitions at 5 mg/kg (figure 3). 

3. Conclusion 

In summary, isosteric replacement of the planar 
indolyl ring by phen-l-ylpyrrole leads to the disco- 
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F i g u r e  2. i: 2,5-dimethoxytetrahydrofuran, AcOH, ~t.o. 8 min; ii: (C1CO)2, CH3CN, room temperature, 6 h; iii: amine, RT, 
10 min; iv: NaBH4, CH3OH, reflux, 2h. 

very of  this new above-described compound which 
presents interesting BZR affinity data and pharmaco- 
logical profile as partial agonist with a weak sedative 
and no anticonvulsant activity. Its anxiolytic effect as 
shown with the Black and White test box at a dose 
very close to the classical benzodiazepines ones, 
allows us to hope for synthesizing new anxiolytics 
with weak lateral effects in the phenylpyrrole series. 
Further investigations are currently in progress. 

4 .  E x p e r i m e n t a l  p r o t o c o l s  

4. I. Chemisto, 

Melting points were determinated using a Krfler bank and 
are uncorrected. Infrared spectra were recorded on a Philips PU 
9716 appara:us and only noteworthy absorptions (reciprocal 
centimeters) are listed. NMR spectra were recorded on a Jeol 
Lambda 400 using TMS as an internal standard. Chemical 
shifts are reported in ppm downfield (8) from TMS. Analyses 
were within :-. 0.4% of the theoretical values. 
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T a b l e  I. Da ta  for  c o m p o u n d s  1-31 .  

C o m p o u n d  R 1 R2 R3 R4 R5 R6 R7 n I% a 

(10 -5 M)  

Kib ( g M )  

1 H H H H H H C1 1 + 24% 

2 H H H H C1 H H 1 + 8% 

3 H H O C H  3 H H H H 1 + 19% 

4 H H OCH3 H H H C1 1 + 14% 

5 H H H H H H C1 2 + 26% 

6 H H H H H H OCH3 2 + 4 3 %  

7 H H H H O C H  3 H H 2 + 6 %  

8 H H O H  H H H C1 2 + 77  % 

9 H H O H  H H H O C H  3 2 + 7 6 %  

10 H H O H  H H O C H  3 O C H  3 2 + 56% 

11 H H O H  H CI H C1 2 + 5 8 %  

12 H H C1 H H H CI 2 + 8 0 %  

13 H H F H H H CI 2 + 7 5 %  

14 H H OCH3 H H H CI 2 + 9 0 %  

15 H H OCH3 H H H OCH3 2 + 23% 

16 H H OCH3 H O C H  3 H H 2 + 27% 

17 H H OCH3 H H OCH3 OCH3 2 + 2 %  

18 H H O C H s  H C1 H C1 2 + 54% 

19 H H C F  3 H H H O C H  3 2 + 31% 

20  CI H H H H H OCH3 2 + 8% 

21 CI H H H H H CI 2 + 8% 

22  C1 H H H H O C H  3 H 2 12.5% 

23  OCH3 H H H H H C1 2 + 93 % 

24  C H  3 H H C H  3 H H CI 2 + 38% 

2 5  C H  3 H H CH~ H H O C H  3 2 + 4% 

26 H OCH3 OCH3 H H H CI 2 + 9 8 %  

27 H O C H  3 O C H  3 O C H  3 H C1 C1 2 + 1% 

28  H H OCH~ H H H C1 2 + 15% 

29 H H CF3 H H H CI 2 + 1.5% 

3 0  H H CF 3 H OCH3 H H 2 - 3% 

31 O C H  3 H H CH3 OCH3 H H 2 - 3% 

0 . 2 4 8  ± 0 . 1 2 0  

0 . 8 7 5  _+ 0 . 0 2 5  

0 . 6 6 7  ± 0 . 0 3 2  

0 . 5 8 0  ± 0 . 0 2 1  

0 . 2 1 2  ± 0 . 0 1 8  

0 . 4 0 0  ± 0 . 0 2 8  

0 . 0 5 4  + 0 . 0 7 0  

apercen tage  of  inh ib i t ion  ( I%)  of  3 H - F L U  b ind ing  at 10 ~tM concen t r a t ion ;  bK i va lues  are means  _+ S E M  of  three  exper imen t s .  
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Table II .  Analytical data for compounds 1-31. 

R3 

1 

X :=O n=l 14 
X:=O n=2 5 - 2 7  

X:OH n=2 27-31 

Compound Formula Yield (%) Compound Formula Yield (%) 
(M.p. (°C)) (M.p. (°C)) 

1 CI9HhsN2OeCI 

2 CwH15N202C1 

3 C20HI8N203 

4 C20HITN203C1 

5 C20HI7N202C] 

6 C21H2oN20 3 

7 C21H20N203 

8 C20HtvN203CI 

9 C21H20N204 

10 C22H22N205 

11 C2oHI6N203CI2 

12 C20H16N202CI 2 

13 C20Hj6N202FC1 

14 C21H19N203Cl 

15 C22H22N204 

16 C22H22N204 

98 194) 

92 168) 

81 113) 

86 154) 

92 (212) 

94 (176) 

82(171) 

95 (159) 

88(128)  

86 (102) 

92(159)  

90(67)  

88 100) 

85 113) 

96 128) 

92(116) 

17 C23H24N20 5 

18 C2tHIsN203CI 2 

19 C22HjgNeO3F 3 

20 C21HIgN203CI 

21 C2oHI6N702C12 

22 C21H19NeO3Ci 

23 C2~HIgN203CI 

24 C22H21N202C1 

25 C22H24NeO 3 

26 Cz2H21N204C1 

27 C23H22N205Cl 2 

28 C21H21N203C] 

29 CeIHIsN202F3C1 

30 C22H21N203F 3 

31 C23H26N20 3 

76 (97) 

82 (92) 

86 (141) 

90 (132) 

78 (149) 

94 (134) 

81 (109) 

71 (116) 

94 (142) 

72 (100) 

69 (113) 

82 (25O) 

71 (69) 

88 144) 

86 108) 

All oxacetamides 1-27 were prepared in a one-pot procedure 
from the corresponding phen-l-ylpyrrole. Synthesis of hydroxy- 
acetamides 28-31 involved the reduction of the corresponding 
oxacetamide with sodium borohydride. All general procedures 
and analytical data of compounds 1, 26 and 28 as examples are 
reported below. Abbreviations used are: Ph: phenyl, s: singlet, 
d: doublet, m: multiplet and t: triplet. 

4.1.1. General procedure for  the synthesis of  N-substituted 2- 
o.ro- 2-(phen- 1-ylpyrrol- 2- yl)acetamides 1-27 

The synthesis of phen-l-yipyrroles is reported in the litera- 
ture. The corresponding phen-l-ylpyrrole was dissolved in 
acetonitrile (50 mL) and the solution was cooled using an ice 
bath (T < 10 °C). Oxalyl chloride (I.1 equiv.) was then added 
dropwise. Thereafter, the reaction mixture was stirred at room 
temperature for 4-6 h. The corresponding amine (2 equiv., 
benzylamines for compounds 1-4 and phenetylamines tbr 
5-31) was directly added. After stirring tbr 15 rain, the solvent 

was concentrated and the residue dissolved in diethyl 
ether (30 riLL). The solution was washed twice with brine 
(2 x 20 mL), dried over MgSO4 and removed under reduced 
pressure. Recrystallization from alcohol (ethyl alcohol or 
isopropyl alcohol)/water gave analytically pure 1-27. 

Analytical data for compound 1: IR (KBr, cm-~) 3260 (NH), 
1640 (2CO); IH NMR (&TMS, DMSO-d6) 9.51 (s, 1H, NH), 
7.34--7.78 (m, 9H, 2Ph), 7.17 (dd, 1H, J.sH4 = 2.38 Hz, JH.~ n3 = 
1.16 HZ, Hs~, 7.11 (dd, IH, Jm.4  = 3.14 Hz, Jmrt5 = 1.16 Hz, 
H3), 6.62 (dd, 1H, JH4H3 = 3.14 Hz, JH4H5 = 2.38 Hz, H4), 4.32 
(d, 2H, CH2); 13C NMR (&TMS, CDCI3) 175.8 (I~-CO), 158.4 
(s-CO), 138.2 (Cv.), 134.6 (Ca), 130.4 (Cz), 129.4 (Cd), 128.1 
(Cy. and C~..), 127.7 (Cb and Cf), 126.9 (Cc and Ce), 125.1 (C5), 
124.2 (C4..), 118.1 (Cr. and C6.), 117.6 (C3), 111.8 (Ca), 47.2 
(CH2). 

Analytical data for compound 26: IR (KBr, cm 1) 3400 
(NH), 1650 and 1690 (2CO); tH NMR (&TMS, DMSO-d6) 
8.61 (s, 1H, NH), 8.01 (dd, 1H, Hs), 6.89-7.04 (m, 7H, 2Ph), 



206 

Table III.  Pharmacological data for the tested compounds. 

Compound Approximate i.p. 
LDs0 in mice 

(mg/kg) 

Spontaneous motility 
i.p. EDs0 and 95% 
confidence interval 

(mg/kg) 

Proconvulsant activity a 

Dose c nt d nte 

Anticonvulsant activity b 
i.p. EDs0 and 95% 

confidence interval 
(mg/kg) 

Solventf - - 10 0 
8 > 800 185 (156-228) 100 10 0 Inactive 300 mg/kgg 

300 10 0 
14 > 800 178 (149-222) 100 10 0 Inactive 300 mg/kgg 

300 10 0 
26 700 50 (41-62) 100 10 0 Inactive 300 mg/kgg 

30O 10 0 
Diazepam 10.2 (3.9-17.7) - - - 5.5 (4.9-6.2) 
~-CCM 0.3 10 7 

apotentiation of PTZ (30 mg/kg) convulsion-induced (see Experimental plotocols); bprotection against pentylenetetrazole- 
induced lethal convulsions (see Experimental protocols); cmg/kg; dnt = total n~amber of mice; ens = number of convulsing mice; 
fl % carboxymethylcellulose suspension; ghighest dose assayed. 

6.86 (dd, 1H, H3), 6.35 (dd, IH, Ha), 3.89 (s, 3H, 2OCH3), 3.55 
(t, 2H, ~-CH2), 2.80 (t, 2H, [~-CH2); 13C NMR (8-TMS, CDC13) 
176.1 (13-CO), 159.4 (at-CO), 147.8 (C3..), 143.9 (C4..), 137.8 
(Ca), 132.3 (Cv.), 131.4 (C2), 130.8 (Cd), 128.6 (Cb and Cf), 
127.8 (Cc and Ce), 125.6 (C5), 119.0 (C3), 114.6 (C5.), 112.6 
(C6..), 111.8 (C4), 105.7 (Cz.), 55.4 (2OCH3), 43.8 (~-CH2), 36.1 
([3-6~,3. 

4.1.2. General procedure for the synthesis of N-substituted 2- 
hydroxy- 2-(phen- 1- ylpyrrol-2-yl)acetamides 28-31 

The corresponding N-substituted 2-oxo-2-(phen-l-ylpyrrol- 
2-yl)acetamide was dissolved in methyl alcohol (50 mL) and 
sodium borohydride (1.2 equiv.) is added. The mixture was 
refluxed for 2 h and the solvent was distilled off. The cooled 
residue was poured into water (100 mL) and extracted with 

8 -  

7 

6 

J 

"6 

z 
2 

CIVIC 24 2,5 m~qkg 24 5 mg/kg 24 10 mg/kg CI.Z 5 mg/kg 

Figure 3. Effects of the solvent (CMC, n = 12), compound 
26 (26; 2.5, 5 and 10 mg/kg, n = 12 for every dose) and 
chlorazepate (CLZ; 5 mg/kg, n = 12) on the number of 
transitions in the Black and White test; *: p < 0.05. 

diethyl ether. The pooled extracts were filtered, dried over 
MgSO4 and concentrated. Recrystallization from isopropyl 
alcohol/water gave analytically pure 28-31. 

Analytical data for compound 28: IR (KBr, cm -l) 3600 
(OH), 3200 (NH), 1650 (CO); IH NMR (8-TMS, DMSO-d6) 
8.94 (s, IH, NH), 6.97-7.46 (m, 8H, 2Ph), 6.77 (dd, 1H, Hs), 
6.03 (dd, IH, H3), 5.94 (dd, 1H, H4), 5.91 (d, 1H, OH), 4.71 (d, 
1H, CH), 3.79 (s, 3H, OCH3), 3.30 (t, 2H, c~-CH2), 2.71 (t, 2H, 
~-CH2); 13C NMR (8-TMS, CDCI3) 174.8 (CO), 159.1 (C4,.), 
137.5 (Ca), 132.1 (Cv.), 131.9 (C2), 131.1 (Cd), 128.8 (Cb and 
Cf), 127.6 [Cc and Ce), 120.6 (C2.. and C6..), 117.3 (C5), 114.4 
(C3.. and C v), 110.3 (C4), 108.2 (C3), 81.2 (CH), 54.7 (OCH3), 
44.2 (c¢-CH2), 36.3 (I]-CH2). 

4.2. Pharm,~cology 

4.2.1. Benz, Miazepine receptor-binding assays [21, 22] 
Male Wistar rat (220--240 g) whole brains were homo- 

genized in 100 volumes of Tris-citrate buffer (50 mM, pH = 
7.4), usin~ a Brinkman Polytron (setting 6 for 15 s). 
Homogenates were centrifuged at 20 000 g for 20 rain at 4 °C. 
Tissues w e e  resuspended and washed five more times before 
final resuspension in 100 volumes of buffer. The incubation 
mixture corLsisted of 0.5--0.6 mg of protein, 0.1 mL of 3H-FLU 
(final concentration I nM), and varying amounts of the test 
compounds and buffer to a volume of 1 mL. The mixture was 
incubated at 0 °C for 60 rain, and the incubations were termi- 
nated by rapid filtration through Whatmann GF/B fiber filters. 
The filters were washed three times with 5 mL of the buffer 
and placed in minivials containing 5 mL of Optiphase High- 
saphe 2 (Wallac). After 12 h, the radioactivity was counted 
with a liquid scintillation counter. Non-specific binding (using 
10 ~tM FLU) was consistently < 10% of the total binding. The 
protein con~:ent was determined by the method of Lowry using 
bovine serum albumine as standard [23]. Each value was deter- 
minated in duplicate, and IC50 values were estimated from 
semilogarythmic plots. K~ values were calculated from the 
f~llowing equation: Ki = ICsJ(l + L/Kd), where L is the ligand 
concentration (1 nM) and Kd is the dissociation constant for 
3H-FLU, determined by paral]el experiments. The data shown 
are the mea,ls of at least four individual experiments. 



4.2.2. Pharmacological evaluation 
Female OF-1 mice weighing 20-24 g were used for pharma- 

cological studies. The animals were allowed free access to food 
and water and were housed at room temperature (20-22 °C). 
All the test compounds were administrated via intraperitoneal 
(i.p.) injection in a 1% carboxymethylcellulose suspension. 

4.2.3. Gross behavioral effects and acute toxicity in mice 
Morpugo's  modification of Irwin's multidimensional screen- 

ing procedure was used on groups of  four mice to evaluate 
drug-induced behavioral alterations. The test compounds were 
administred in log-spaced doses, and detailed observations 
were made 1, 3 and 24 h after treatment. Perphenazine (50 rag/ 
kg i.p.) and methylphenidate (50 mg/kg) were used for compa- 
rison. The approximate LDs0 was obtained from the mortality 
observed during a 48 h period. 

4.2.4. Anticonvulsant activity 
Test compounds were given to groups of  five mice, 30 min 

before an i.p. injection of  150 mg/kg pentylenetetrazole [18]. 
The protection against pentylenetetrazole-induced lethal 
convulsions was evaluated for a 15 min observation period. 

4.2.5. Proconvulsant activity 
Test compounds were given to groups of  ten mice, 2 rain 

before an Lp. injection of  30 mg/kg pentylenetetrazole. 
Animals were then observed for 5 min and the number of mice 
exhibiting convulsive behavior was noted. 

4.2.6. Locomotor activit)' 
Locomotor activity was recorded with a photocell activity 

meter for 15 rain, beginning 30 min after i.p. administration of  
each test drug (n = 12 for every treatment group). 

4.2. 7. Light/dark exploration test [24] 
The test boxes, entirely constructed of  perspex, consist of 

two compartments with 270 mm high walls. The first of these, 
colored matt black, measures 270 x 180 ram; the other, matt 
white, measures 270 x 270 mm (interior dimensions). Both 
compartments are separated by a wall (470 mm high, to act as a 
light separator) with a 70 x 70 mm opening in its base. The box 
does not have a top cover. Each compartment is independently 
illuminated: the white one with a 100 W bulb (white) and the 
black one with a 40 W bulb (red). Both bulbs are 370 mm from 
the floor of the box. 

Each mouse (12 mice for each dose treatment) was placed in 
the centre of the light compartment of  the light dark box and 
over a 5 rain period, 30 rain after i.p. administration of  test 
compounds and measurements were made of  the number of 
transitions between light and dark compartments. 

207  

Acknowledgements 

The autho~:s thank C. Cliquet, S. Fournel and A. Lefran~ois 
for technical assistance. 

References 

[1] Haefely W., Kyburz E., Gerecke M., Molher H., Adv. Drug Res. 14 
(1985) 165-169. 

[2] Bennet I2.A., Amrick C.L., Wilson D.E., Boast C.A., Loo E, Bernard RS., 
Schmutz M., Gerhardt S.C., Braunwalder A., Klebs K., Yokoyama N., 
Liebman J.M., Drug Dev. Res. 11 (1987) 219-233. 

[3] Cain M., Weber R.W., Guzman E, Cook J.M., Barker J.A., Rice K.C., 
Crawley J.N., Paul S.N., Skolnick R, J. Med. Chem. 25 (1982) 
1(181-10'tl. 

[4] Blanchar t J.C., Julou L ,  J. Neurochem. 40 (1983) 601-607. 
15] Lippa A.:g., Meyerson L.R., Beer B., Life Sci. 31 (1982) 1409-1417. 
[6] Le Fur G ,  Enc6phale 8 (1982) 145-150. 
[7] Rault S., Lancelot J.C., Prunier lq., Robba M., Renard E, Delagrange R, 

Pfeiffer B., Caignard D.H., Guardiola-Lemaitre B., Hamon M., J. Med. 
Chem. 39 (1996) 2068-2080. 

[8] Gillard A.C., Foloppe M.P., Rault S., 1. Heterocyclic Chem. 34 (1997) 
445-4-51. 

[9] Dumouli~ H., Daltemagne E, Rault S., Fabis F., Robba M., Heterocyclic 
Commun. 1 (1994) 23-25. 

[10] Dumouli~ H., Rault S., Robba M., J. Heterocyclic Chem. 32 (1995) 
1703-17117. 

[ l l l  Dumoulin H., Rault S., Robba M., J. Heterocyclic Chem. 33 (1996) 
255-258. 

112] Guillon G., Daoust M., Radulovic D., Boulouard M., Dallemagne E, 
Legrand E., Rault S., Quermonne M.A., Robba M., Eur. J. Med. Chem. 
31 (1996~ 335-339. 

[13] Bianucci A.M., Da Settimo A., Da Settimo E, Primofiore G., Martini C., 
Giannaccini G., Lucacchini A., J. Med. Chem. 35 (1992) 22t4--2220. 

[t4] Settimo i~.D., Lucacchini A., Marini A.M., Martini C., Primofiore G., 
Senatore G., Taliani S., Eur. J. Med. Chem. 31 (1996) 951-956. 

[ 15] Elming ix., Clauson-Kaas N., Acta Chem. Scand. 6 (1952) 867-874. 
[ 16] Clauson- , a a s  N., Tyle Z., Acta Chem. Scand. 6 (1952) 667-67(t. 
[17] Potts K.~I., kiljegren D.R., J. Am. Chem. Soc. 28 (1959) 3202-3203. 
[ t8] Morpugo C., Arzneim. Forsch. Drug Res. 11 (1971) 1727-1734. 
[19] Crawley J.N., Goodwin EK., Pharm. Biochem. Behav. 13 (1980) 

167-170. 
[20] Crawley .I.N., Pharm. Biochem. Behav. 15 (1981) 695-699. 
[21] Enna S.J., Snyder S.H., Mol. Pharmacol. 13 (1977) 839-842. 
[22] Evoniuk G., Skolnick E, J. Neurochem. 51 (1988) 1169-1175. 
[23] Lowry O.H., Rosehorough N.J., Fan- A.L., Randall R.J., J. Biol. Chem. 

193 ( 1 9 9 )  265-275. 
[24] Costall B., Jones B.J., Kelly M.E., Naylor R.J., Tomkins D.M., 

Pharmae(,l. Biochem. Behav. 32 (1989) 777-785. 


