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Summary 

The synthesis and the anticonvulsant activity of a number of 
GABA and valproic acid derivatives an reported. The lipophilicity 
of these compounds and their inhibitory effect on lipid peroxida- 
tion were also investigated. in an effort to correlate the anticonvul- 
sant activity with lipophilicity and inhibitory effcct on lipid 
peroxidation. The synthesized compounds exhibited anticonvul- 
sant effects which were stronger for the more lipophilic deriva- 
tives. One of  the active anticonvulsants showed appreciable 
antioxidant properties. Finally, a good correlation was found be- 
tween the experimentally derived (RM) and calculated (4 and 
log PSK) lipophilicity for this series of compounds, 

Introduction 

The neurotransmitter GABA (y-aminobutyric acid) has 
been implicated, both directly and indirectly, with several 
neurologic and psychiatric disorders such as epilepsy, Hunt- 
ington's chorea, and parkinsonism[']. Various antiepileptics 
may develop their action either by interacting directly with 
certain binding sites of the GABA receptors (e.g. barbiturates 
and benzodiaze inesf2] or by acting as prodrugs of GABA 
(e.g. progabidej31. Another antiepileptic, valproic acid, acts 
possibly by enhancing GABA accumulation mainly by stimu- 
lating the activity of glutamic acid decarboxylase and inhib- 
iting GABA transaminase. These actions are mediated either 
by valproic acid itself or by several active metabolites of the 

GABA passes the blood-brain barrier (BBB) to a lesser 
extent than any other putative neur~transmitter[~]; thus, ex- 
tremely high doses are required to force it across the BBB. 
GABA derivatives, more lipophilic than the parent molecule, 
have been developed in attempts to facilitate penetration 
through the BBB. Examples of such active derivatives are the 
amides of GABA with several fatty acids (e.g. dodecanoic['], 
linoleic, steatic and palmitic[61), Schiff bases of GABA (e . 

N-nicotinoyl-GABA (la, Scheme 1) has also been s nthe- 
sized but was found inactive as an anticonvulsant F37 . This 
inactivity could be attributed to its overall low lipophilicity 
(Zf= -0.413, see Table I) and increased polarity. 

Considering the above, we designed and synthesized the 
compounds lb-c and 2a-c (Scheme 1) containing the moie- 
ties of GABA, valproic acid and 2-propyl-I-pentanol (which 
could be metabolized to valproic acid) as mutual prodrugs of 
these bioactive compounds and possible anticonvulsants. 

progabideL3I) and the ester of GABA with cholesterol (8 . 

Scheme 1: Structures of the synthesized GABA derivatives. 

Table I: RM, B, logPsK values and % inhibition of lipid peroxidation of the 
synthesized compounds. 

Com- RM Cf logPsK % inhibition 
pound (Rekker) of lipid 

peroxidationa 

l a  -0.53f0.032 -0.413 -0.617 21.7 

l b  4.39M.043 0.051 -0.334 1.4 

l c  0.29f0.023 3.677 3.292 81.2 

2a -0.51f0.036 2.007 1.899 3.0 

2b -0.24f0.027 2.801 2.243 2.8 

2c 0.66M.075 6.207 5.808 0.4 

"Concentration: 1mM; incubation time: 45 min. 

Compounds lb-lc and 2b contain also the moieties of nico- 
tinic acid or the respective nicotinyl alcohol (3-pyridyl- 
methanol) which in vivo could be reoxidized to the nicotinic 
acid. We chose the nicotinic acid functionality because it is 
present in a number of biomolecules. Both the acid and the 
alcohol moieties will have also a favorable effect on lipo- 
philicity (estimated Cf values: amine group -1.340, nicoti- 
namide group -1.025, carboxylic group -0.942, nicotinyl 
ester group -0.147). 
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All the synthesized target compounds were tested in vivo 
against picrotoxin induced seizures in rats and the most active 
(lc) was also evaluated in the pentylenetetrazole model. 
Furthermore, since a connection of epileptic convulsions with 
the development of oxidative stress and lipid peroxidation in 
the brain tissues has been we tested the syn- 
thesized compounds for their ability to inhibit lipid peroxida- 
tion in vitro. 

It is well established that lipophilicity is a physicochemical 
property that influences both the blood-brain permeability'' 'I 
and the antioxidant potential['*] of a compound. Thus, the 
lipophilicity of the synthesized compounds was determined 
and related to the observed biological activities. 

Synthesis of Compounds 

The synthetic routes for the preparation of the intermediate 
and target compounds are outlined in Scheme 2. 

The literature procedure for the preparation of l a  involves 
condensation of GABA with the intermediate formed by the 
oxidation of nicotinic acid hydrazide with sodium nitrite and 
is low yielded (33%)lsl. In this work, compound l a  was 
synthesized, in excellent yield, by the amidation of GABA 
with nicotinoyl chloride in the presence of triethylamine and 
chlorotrimethylsilane in dichloromethane. The mechanism 
probably involves solubilization of GABA in the form of its 
trimethylsilyl ester followed by the amide forming reaction. 

(n-Pr)2CHCONH(CH2)3COOCH2CH(n-Pr)2 
2c 

(n-Pr)2CHCONH(CH2)3COOCH2 

Scheme 2: Synthetic route of the synthesized GABA derivatives. 

This method is a modification of a patent in which the 
amidation of GABA with 4-chlorobutyryl chloride is re- 
ported["]. 

Compound l b  was synthesized by the esterification of l a  
in methanol under acidic conditions. Sulfuric acid was used 
in small excess forming the salt with la,  which is more 
soluble in methanol than l a  itself and also acting as the 
catalyst of the esterification. Initially, compound l b  was 
synthesized by converting GABA to its methyl fol- 
lowed by amidation with nicotinic acid in the presence of 
N,N'-dicyclohexylcarbodiimide (DCC) in pyridine, as de- 
scribed for analogous compounds[ l51. This technique, how- 
ever, proved to be tedious, having also the disadvantage of 
giving low yield. 

Compound l c  was synthesized by the reaction of l a  with 
2-propyl- 1-bromopentane in acetonitrile in the presence of 
DBU according to a general procedureLl6]. The following 
routes were also investigated for the synthesis of lc: i) Tran- 
sesterification of l b  with 2-propyl- 1 -pentan01 in toluene un- 
der basic conditions in a Soxhlet apparatu~"~].  A significant 
disadvantage of this procedure was the fact that the yield was 
not constant with the formation, in various amounts, of at least 
two byproducts. ii) Direct esterification of l a  with 2-propyl- 
I -pentanol in a Dean-Stark apparatus using benzene as the 
solvent and concd. sulfuric acid or 4-toluenesulfonic acid as 
the acid catalyst. The yield was low and this could be attrib- 
uted to the low solubility in benzene of the formed salts of l a  
with the acid catalysts. The same reaction was also carried 
out in toluene using 4-toluenesulfonic acid as the catalyst. In 
this case a byproduct was isolated, in considerable yield, and 
identified as the 1-nicotinoyl-2-pyrrolidinone which could be 
formed by an intramolecular cyclization of la  facilitated by 
the relatively higher boiling point of toluene, compared to that 
of benzene. iii) Esterification of l a  with 2-propyl- 1-pentanol 
at room temperature, in the presence of DCC using dichlo- 
romethane as solvent171. The yield was low and purification 
of the product proved to be tedious. 

Compound 2a was synthesized by the amidation of GABA 
with 2-propyl- 1 -pentanoyl chloride in the presence of 
triethylamine and chlorotrimethylsilane in dichloromethane. 
An attempt to synthesize 2a by the amidation of GABA with 
2-propyl- 1-pentanoyl chloride in aqueous alkaline solution as 
described for analogous led to a mixture which 
made the isolation of the product very difficult. 

Compound 2h was synthesized by the esterification of 2a 
with 3-pyridylcarbinol in the presence of a small excess of 
concd. sulfuric acid in refluxing benzene. In a similar manner, 
2c was synthesized by esterifying 2a with 2-propyl- l-pen- 
tan01 in the presence of a catalytic amount of concd. sulfuric 
acid. We observed that by replacing benzene with toluene and 
sulfuric acid with 4-toluenesulfonic acid in the synthesis of 
2b o r  2c, a byproduct ( 1  -valproyl-2-pyrrolidinone) was 
formed in considerable yield, by an intramolecular cycliza- 
tion of 2a. Finally, attempts to synthesize 2b or 2c by esteri- 
fying 2a in the presence of DCC in dichloromethane were not 
promising. 
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Results and Discussion 

The lipophilicity of the synthesized compounds was both 
determined experimentally b the reversed phase thin layer 
chromatographic technique["] and calculated according to 
Rekker's fragmental c'onstant (m method[19] and 
Suzuki/Kudo (10gPSK) atom-based procedure[20,211. Results 
are shown in Table I. It has been reported that a linear 
correlation could exist between the RM and the logP[18] or v221 values in a congeneric series of compounds. In the 
present study, a good correlation was derived between the RM 
values and the two expressions of calculated lipophilicity for 
the synthesized compounds: 

i) u= 4.55(+1.06)R~ + 2.93(+ 0.49) 
n = 6, r = 0.906, s = 1.159, F = 18.246 

ii) logPsK = 4.40(+ 1 . 0 8 ) R ~  + 2.58(* 0.50) 
n = 6, r = 0.897, s = 1.180, F = 16.496 

The anticonvulsant activity of compounds lb-c and 2a-c 
was evaluated in vivo (rats) against picrotoxin-induced sei- 
zures. Picrotoxin selectively antagonizes the effects of 
GABA[231. The measured parameters were three (onset of 
seizures, survival time and survival ratio)['] and results are 
shown in Table 11. Compound l c  exhibited a significant and 
dose-related anticonvulsant effect. The less lipophilic methyl 
ester l b  exhibited some anticonvulsant activity, only at the 
highest tested dose (1.6 mmolkg). The hydrophilic parent 
carboxylic acid l a  was not tested because it has been reported 
as inactive, up to a dose of 1000 mgkg, in the picrotoxin 

Table 11: Anticonvulsant effect of the synthesized compounds. 

Compound Onset of % of 
sei7ure control 
(min) 

Control 26.2k6.7 100 

l b  (0.8mmolkg) 23.7f7. INS 90 

(1.6mmolkg) 5 1.4k9.1* ** 196 

Ic (0.4mmolkg) 38.5f11.3*** 147 

(0. Smmofig) 5 1.3+9.6*** 196 

(1.6mmolkg) 62.4k18.4*** 238 

2a (0.4mmofig) 20.lk9.0* 77 

(0.8mmolkg) 3 1.9kS.6* 122 

(1.6mmolkg) 41.6f16.4** 159 

2b (0.8mmolkg) 28.(&4.SNS 107 

(1.6mmolkg) 36.M7.0* 137 

2c (0,4mrnol/kg) 52.9+10.4*** 202 

(0.8mmolkg) 41 .Of18.9** 156 

Valproic acid (0.8mmolkg) 33.0fl1.9* 126 

n = 6, NS: non-significant, * p < 0.05, ** p < 0.01, ***p < 0.001. 

model in mice@]. Lipophilicity seems to play also a role in 
the expression of activity in the derivatives of the series 2. 
The highly lipophilic ester 2c showed anticonvulsant proper- 
ties expressed in all of the three measured parameters, even 
at the lower tested dose (0.4 mmolkg). However, compounds 
2a and 2b, although more lipophilic than lb,  did not exhibit 
significantly better anticonvulsant effect. Thus, concerning 
the structural characteristics of the active anticonvulsants, we 
could conclude that the nicotinoyl moiety is a suitable amide 
group to confer activity, in conjugation with lipophilicity, in 
this type of GABA derivatives. 

The most active compound l c  was also tested (1.6 mmolkg, 
i.p.) against pentylenetetrazole-induced seizures in rats and 
exhibited complete protection against pentylenetetrazole un- 
der our experimental conditions i.e. no convulsions were 
observed in the group of rats (n  = 7) that received l c  within 
the 2 h of the observation period while convulsions in the 
control animals, which received only pentylenetetrazole, ap- 
peared at 9 3 3 . 1 5  min (n  = 6). Pentylenetetrazole is a non- 
specific CNS stimulant that may act either by blockade of the 
inhibitory pathways or by direct neuronal excitation[231. 

The antioxidant potential of compounds la+ and 2a-c was 
studied in the non-enzymatic lipid peroxidation assay. Rat 
hepatic microsomal preparation, which is a known good 
peroxidizable substrate[24], was used for the assays. Table I 
shows the percent inhibition of lipid peroxidation of these 
compounds at a concentration of 1 mM after 45 min incuba- 
tion. l c  was the only compound which exhibited significant 
antioxidant activity; the time course of lipid peroxidation, as 
affected by various concentrations of lc, is shown in Fig. 1. 

Survival % of Survival 
time control ratio 
(min) (%) 

40.0k8.1 

41 .M8.2NS 

69.6f12.3*** 

57.8*16.7*** 

64.9*7.8*** 

87.5f20.9*** 

40.0f6. INS 

47.6+9.3* 

61.2f17.3*** 

4 1 .Sf9.2NS 

52.2f6.4* 

71.7f16.5*** 

54.2*7.7** 

57.1+16.5*** 
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Figure 1: Time cour\e of lipid peroxidation a\ affected by lc.  

In order to ascertain the contribution of the structural moieties 
to the activity in this series of GABA derivatives, we also 
tested GABA, valproic acid, 2-propyl-1 -pentanol, nicotinic 
acid and 3-pyridylcarbinol. These compounds showed prac- 
tically no inhibition of lipid peroxidation at concentrations of 
1 mM (their inhibitory effect ranged from 0.1 to 1.9%). 

A number of experimental results indicate that a linear 
correlation could exist between lipophilicity and antioxidant 
activity[12]. Although the active antioxidant l c  is relatively 
lipophilic, compound 2c which has double the lipophilicity 
of the former is virtually inactive. Therefore, in addition to 
lipophilicity, other properties, such as favorable electronic 
distribution for reacting ra idly with radicals or the ability to 
affect membrane fluidity['], may contribute to the observed 
variations in the antioxidant activity in this series of com- 
pounds. 

Superoxide production has been observed in cerebral ves- 
sels of experimental animals subjected to prolonged sei- 
zures[*']. Also, hyperoxia was shown to lead to peroxidation 
of rat brain membrane lipids which coincided with an in- 
crease of epileptiform seizuresL271; similar results have been 
demonstrated in the intracerebral ferrous chloride model of 
epilepsyr281. Thus, it is probable that oxygen radicals may be 
involved in the causation of prolonged seizures in man (status 
ep i l ep t i c~s ) l~"~] .  On the other hand, a significant reduction 
of seizures in 10 of 12 patients was observed in a clinical trial 
of add-on with the antioxidant vitamin E therapy[2y1. There- 
fore, the ability of an anticonvulsant agent to act as a free 
radical scavenger and to inhibit lipid peroxidation is a desir- 
able property, since it could prevent further tissue damage 
during the seizures. Compound l c  exerts considerable anti- 
convulsant as well as antioxidant activity, therefore, it may 
serve as a useful lead structure. 
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Experimental 

Melting points are uncorrected and were determined in open glass capil- 
laries using a Mel-Temp I1 apparatus. UV measurements were recorded with 
a Perkin-Elmer 554 spectrophotometcr, IR spectra were recorded with a 
Shimadzu ETIR-8 101 M spectrophotometer, 'H-NMR spectra with a Bruker 
AW-80 spectrometer with internal Me4Si reference. Elemental analyses 
were performed on a Perkin-Elmer 2400 CHN analyzer. Flash chromatogra- 
phy was carried out using Merck 9385 silica gel. Thin layer chromatography 
plates were visualized under UV light or by dipping into a solution of 
ammonium molybdate (25 g) and ceric sulfate (1 g) in concd. sulfuric 
acid/water (10/90 ml) and heating on a hot plate'"". Petroleum ether refers 
to the fraction of bp 40-60 "C. 2-propyl-I-pentanoyl chloride was obtained 
by reaction of valproic acid with thionyl chloride and 2-propyl- I-bromopen- 
tam by reacting the corresponding alcohol with phosphorus tribromide. They 
were both purified by distillation under reduced pressure. 

4-[(P~ridine-3-c.arhorlyl)rtmino]butanoic acid (1 a) 

To a stirred suspension of 4-aminobutanoic acid (6.19 g, 60 mmol) in 
niethylene chloride (600 ml), triethylamine (30.0 ml, 21.5 mmol) and chlo- 
rotrimethylsilane (8.2 ml, 65 mmol) were added. The reaction mixture was 
stirred at room temperature for 2 h, then it was cooled (ice bath) and 
nicotinoyl chloride hydrochloride (7. I2 g, 40 mmol) was added. After stirring 
for 24 h at room temperature, the volatile material was evaporated under 
reduced pressure. To the residue, water (400 ml) was added and stirred for 
30 min, filtered and the residue washcd with 3 x 30 ml of water and 30 ml 
of ether. After drying, it was recrystallized from methanol (yield 6.94 g, 
83%). mp 210-21 1°C (ref.@' 210-212 "C). IR (nujol): v = 3325 cm-' (NH), 
1709 cm-' (O=COH), 1628 cm-' (O=CN). 'H-NMR ([D6]DMSO): 6 8.8-9.1 
(m, IH, pyridine 2-H), 8.3-8.8 (m, 211, pyridine 4-H, CONH), 8.1-8.3 (in, 
IH,  pyridine 6-H), 7.3-7.6 ( m ,  IH,  pyridine 5-H), 3.3 (m, 2H, 
CONHCHzCHz), 2.3 (t, 2H, CHzCHzCOO), 1.8 (m, 2H. CHzCHzCH2). 
Anal. (CioHizN203). 

4-~(~yridine-3-carbonyl)~imino/buranoic acid nietlzyl ester (1b) 

To a stirred solution ofconcd. sulfuric acid (2.3 ml, 41.4 mmol) in methanol 
(SO mi, 1.23 mol), l a  (3.12 g, IS mmol) wa5 added. After refluxing for 6 h 
it was cooled in an ice bath, triethylamine (IS ml, 108 mmol) was added and 
the volatile material was evaporated under reduced pressure. The residue was 
flash chromatographed using ethyl acetate-petroleum ether ( 1  : I )  as the eluent 
(yield 3.19 g, 96%). M.p. 64-65 "C (dichloromethane/petroleuin ether). 1R 
(nujol): v = 3325 cm-' (NH), 1726 cm-' (O=COR), 1628 cm-I (O=CN). 
'H-NMR (CDC13): 6 9.0 (m, IH, pyridine 2-H), 8.5-8.8 (m, IH, pyridine 
4-H), 8.0-8.3 (m, IH, pyridine 6-H), 6.8-7.5 (m. 2H, CONH, pyridine 5-H), 
3.3-3.8 (m,  5 H ,  CONHCHzCHz, COOCH3), 2.3-2.6 ( m ,  2H. 
CHzCHzCOO), 1.7-2.2 (m, 2H, CH2CHzCH2). Anal. (CiiHi4N203). 

4-~(Pyridine-3-carbonyl)amino]butanoi~ acid 2-propyl- I -pentyl rster (lc) 

l a  (2.08 g, 10 mmol) was added to a stirred solution of 2-propyl-I-bro- 
mopentane ( 1  5 4  g, 8 mmol) in acetonitrile (40 ml) and a suspension was 
formed. To this, DBU (1.50 ml, 10 mmol) was added and a solution was 
formed, which was refluxed for 24 h. Then, the solvent was evaporated under 
reduced pressure, the residue was taken up in 100 ml of chloroform and 
washed successively with water (2 x 5 0  ml). 10% sodium bicarbonate 
solution (50 inl) and satd. aqueous sodium chloride solution. After drying 
(CaCIz), the chloroform was evaporated under reduced pressure and the 
residue was flash chromatographed, using ethyl acetate-petroleum ether 
(1  .S: I )  as the eluent, to yield 2.30 g (90%) of a viscous oil. IR (neat): v = 
3325 cm-' (NH), 1731 cm-' (O=COR), 1632 cm-l (O=CN). 'H-NMR 
(CDCh): 6 9.0 (m, IH, pyridine 2-H), 8.5-8.8 (in, IH, pyridine 4-H), 8.0-8.3 
(m, IH, pyridine 6-H), 6.9-7.5 (m, 2H, pyridine 5-H, CONH), 3.9 (d, J =  6 
Hz, 2H, COOCH2CH), 3.3-3.7 (m, 2H, CONHCHzCH2), 2.3-2.6 (m, 2H. 
CHzCHzCOO), 1.7-2.2 (m, 3H, CHzCHzCH2, (CH3CHzCH2)zCHCH2) 0.7- 
1.7 (m, 14H, 2CHzCH2CH3). Anal. (C18HzxN203). 
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4-(2-Propylpentanoylamino)butanoic acid (2a) 

To a stirred suspension of 4-aminobutanoic acid (8.25 g, 80 mmol) in 
dichloromethane (700 ml) triethylamine (30.0 ml, 215 mmol) and trimethyl- 
chlorosilane (12.0 ml, 95 mmol) were added. After stirring for 2 h, 2-propyl- 
1-pentanoyl chloride (6.51 g, 40 mmol) was added and the stimng was 
continued for 46 hat  room temperature. The volatile material was evaporated 
under reduced pressure and the residue was dissolved in 500 ml of an aqueous 
3% potassium carbonate solution. After extraction with 3 x 100 ml of ether, 
the aqueous solution was carefully acidified with 6 M HC1 solution and a 
white, bulky precipitate was formed. The latter was dissolved with the 
addition of 100 ml of ethyl acetate and the aqueous phase was extracted with 
2 x 100 ml of ethyl acetate. The organic extracts were combined and washed 
with SO ml of satd. aqueous sodium chloride solution and dried (Na2S04). 
After evaporation of the solvent, the residue was recrystallized from ether 
(yield 6.90 g, 75%). mp 84-86 "C (ether). IR (nujol): v = 3303 cm-' (NH), 
1696 cm-' (O=COH), 1636 cm-' (O=CN). 'H-NMR (CDC13): 6 9.9 (bs, lH, 
COOH), 5.8-6.2(m, lH, CONH), 3.1-3.5 (m, 2H, CONHCHZCH~), 2.1-2.5 
(m,  2H,  CHZCH~COO),  0.6-2.1 (m,  17H, C H ~ C H ~ C H Z ,  
(CH~CHZCHZ)~CHCO, 2CH2CH2CH3). Anal. (CizH23N03). A material of 
mp 155-156 OC has been reviously claimed as being the 4-(2-propylpen- 
tanoy1amino)butanoic acid"]. However, insufficient spectroscopic and ana- 
lytical data were reported. 

4-(2-Propylpentanoylamino)butanoic acid pyridin-3-yl methyl ester (2b) 

2a (2.758, 12 mmol) was added to a stirred solution of 3-pyridylcarbinol 
(1.73 ml, 18 mmol) in 180 ml of benzene. Concd. sulphuric acid (2.7 ml, 49 
mmol) was then added and the mixture refluxed, connected to a Dean-Stark 
apparatus, for 15 h. The benzene was evaporated at room temperature under 
reduced pressure and 100 ml of chloroform were added to the residue. To 
this, triethylamine (17.0 ml, 122 mmol) was added under stirring and cooling 
and a solution was formed. The latter was washed successively with 2 x 50 
ml of water and 30 ml of satd. aqueous sodium chloride solution and dried 
(Na2S04). The product was isolated by flash chromatography using ethyl 
acetate as the eluent (yield 2.80 g, 73%). mp 72-73 "C (acetone/petroleum 
ether). IR (nujol): v = 3282 cm-' (NH), 1722 cm-' (O=COR), 1637 cm-' 
(O=CN). 'H-NMR (CDCI?): 6 8.3-8.7 (m, 2H, pyridine 6-H, 2-H), 7.4-7.8 
(m, IH, pyridine 4-H), 7.0-7.4 (m, lH, pyridine 5-H), 5.6 (bs, 1H, CONH), 
5.1 (s, 2H, COOCH2), 3.0-3.5 (m, 2H, CONHCH2CH2), 2.2-2.6 (m, 2H, 
CHZCH~CH~),  0.6-2.2 (m, 17H, CH~CHZCOO, (CH3CH2CH2)2CHCO, 
2CHzCHzCH3). Anal. calcd. for CigH28Nz03: C, 67.47; H, 8.81; N, 8.74. 
Found C, 67.72; H, 8.83; N, 8.33. 

4-(2-Propylpentanoylamino)butanoic acid 2-propylpentyl ester (2c) 

2a (2.06g, 9 mmol) was added to a solution of 2-propyl-1-pentanol (2.1 
ml, 13.4 mmol) in 180 ml of benzene. After the addition of 3 drops of concd. 
sulfuric acid, the mixture was refluxed, connected to a Dean-Stark apparatus, 
for 20 h. Then the mixture was basified with triethylamine and concentrated 
under reduced pressure. The product was purified by flash chromatography 
using ethyl acetate/petroleum ether (1:lO + 1:s) as eluent (yield 1.88 g, 
61%). mp 44-45 "C (petroleum ether). IR (nujol): v = 3282 cm-' (NH), 
1735 cm-' (O=COR), 1641 cm-' (O=CN). 'H-NMR (CDC13): 6 5.5-5.9 (m, 
1H, CONH), 4.0 (d, J = 6 Hz, 2H, COOCHzCH), 3.1-3.4 (m, 2H, 
CONHCHZCH~), 2.2-2.5 (m,  2H,  C H ~ C H Z C H ~ ) ,  0.7-2.1 (32H, 
CH2CH2CO0, ( C H ~ C H ~ C H Z ) ~ C H C O ,  ( C H ~ C H Z C H ~ ) ~ C H C H ~ ,  
4CH2CH2CH3). Anal. (CzoH39N03). 

Anticonvulsant Activity 

a. The Picrotoxin Model 

A method previously reported[51 was adapted with the following modifi- 
cations: Picrotoxin (9 mgkg) was administered S.C. to male Fischer-344 rats 
(220-250 g) and after 30 s the tested compound was administered i.p. (0.4, 
0.8 or 1.6 mmolkg) in the form of an aqueous solution of the hydrochloride 
( lb ,  lc ,  2b), or sodium salt (2a) or a suspension in water (2c) with the addition 
of few drops of Tween-SO. The behavioral changes of the rats were observed 
for 2 h. The latency to the onset of generalized clonic seizures, the survival 
time and the survival ratio were measured and evaluated as a percent of the 

control. The control rats received only picrotoxin. Valproic acid (0.8 
mmolkg) was used as the positive control. 

b. The pentylenetetrazole Model 

A method previously reported[321 was adapted with the following modifi- 
cations: Pentylenetetrazole (1 10 mgkg) was administered S.C. to male 
Fischer-344 rats (180-220 g) and after 30 s the tested compound l c  was 
administered i.p. (1.6 mmolkg) in the form of an aqueous solution of the 
hydrochloride salt. The behavioral changes of the rats were observed for 2 h. 
The control rats received only pentylenetetrazole. 

Antioxidant Activity 

Heat-inactivated (90 "C for 90 s) hepatic microsomes corresponding to 
0.125 g livedml from Fischer-344 rats were used as the peroxidizable 
material. The incubation mixture also contained ascorbic acid (0.2 mM) in 
Tris-HCUKCI buffer (SO mM/150 mM, pH 7.4). The tested compounds were 
added to the incubation mixture as DMSO solutions at various concentra- 
tions. The reaction was started by the addition of' a freshly prepared FeS04 
solution (10 kM) and the mixture was incubated at 37 "C. Aliquots (0.3 ml) 
were taken at various time intervals for 45 min. Lipid peroxidation, induced 
by the ascorbic acid (0.2 mM)/Fe2+ (10 pM) system, was assayed spectro- 
photometrically as the 2-thiobarbituric acid reactive material at 535 nm 
against 600 nmrZ4]. DL-a-Tocopherol acetate was used as a positive control 
and at a concentration of 0.5 mM was found to inhibit lipid peroxidation by 
100,75, 19, and 9% after 5, 15,30 and 45 min of incubation respectively. 

Determination of Rw Values from Reversed Phase Thin Layer Chromatog- 
raphy 

Silica gel normal phase plates (Merck 5715), impregnated with 5% (v/v) 
liquid paraffin in light petroleum ether, were used as the stationary phase. As 
a mobile phase, a methanol/water mixture (67/33 v/v, pH = 6.5) was used. 
The plates were developed in closed chromatography tanks, saturated with 
the polar phase. Spots were detected under UV light or by oxidation with a 
ceric sulphate/ammonium molybdate solution. Rf values were determined 
from at least eight individual measurements. RM values were calculated from 
the corresponding Rf values"", applying the equation: RM = log[(l/Rr) - 11. 

References 
J.R. Cooper, F.E. Bloom, R.H. Roth in The Biochemical Basis of 
Neuropharmacology, (Eds.: J.R. Cooper, F.E. Bloom, R.H. Roth), 
Oxford University Press, Oxford, 1991,6th edition, p. 133-189. 

T.W. Rall, L.S. Schleirer in Goodman C? Gilman's The Pharmacologi- 
cal Basis of Therapeutics, (Eds.: A. Goodman Gilman, T.W. Rall, AS.  
Nies, P. Taylor) McGraw-Hill International Editions, Paris, 1991, 8th 
edition, vol. I ,  p. 436-462. 

P. Krogsgaard-Larsen, H. Hjeds, E. Falch, F.S. Jorgensen, L. Nielsen 
in Advances in Drug Research (Ed.: B. Testa) Academic Press, London, 
1988, vol. 17, p. 382-456 . 
A. Krantis, Acta Neuropathol. 1984,64,6147. 

H. Sasaki, Y. Mori, J. Nakamura, J. Shibasaki, J. Med. Chem. 1991,34, 
628433. 

N. Kolocouris, G.  Foscolos, Z. Papadopoulou-Daifoti, A. Vamvakides, 
Ann. Pharm. France 1985,43,389-396. 

V.E. Shashoua, N. Jacob, R. Ridge, A. Campbell, J.R. Baldessarini, J. 
Med. Chem. 1984,27,659-664. 

K. Matsuyama, C. Yamashita, A. Noda, S. Goto, H. Noda, Y. Ichimaru, 
Y. Gomita, Chem. Pharm. Bull. 1984,32,4089-4095. 

H.A. Kontos, Chem.-Biol. Interactions 1989, 72,229-255. 

[lo] A. Mori, M. Hiramatsu, I. Yokoi in Free Radicals in the Brain (Eds.: 
L. Packer, L. Prilipko, Y. Christen), Springer-Verlag, Berlin, 1992, p. 
1 09-1 22. 

[ I  11 C. Hansch, J.P. Bjorkroth, A. Leo, J.  Pharm. Sci. 1987, 76,663487. 

Arch. P h u m  Phurm. Med. Chem 329,393-398 (1996) 



398 Rekatas, Tani, Demopoulos, and Kourounakis 

[I21 S .  Ohkawa, S. Tetao, Z. Terashita, Y. Shibouta, K. Nishikawa, J. Med. 
Chem. 1991,34,267-276. 

I131 PLlVA Tvomica Fdrmaceutiskih i Kemijskih Proizvoda. Japan. Kokai 

1141 D.L. Garmaise, R. Schwartz, A.F. McKay, J. Am. Chem. Soc. 1958,80, 

1151 P.A. Woodward, D. Winwood, M.E. Brewster, K.S. Estes, N. Bodor, 

77,116,463.1978 [Chem. Abstr. 1978 88. P 152417~1. 

3332-3334. 

Drug Design und Delivery 1990, 6, 15-28. 

1161 C.G. Rao, Org. Prep. Proced. Znt. 1980, 12, 225-8. 

[ 171 D.P. Roelofsen, J.W.M. De Graaf, J.A. Hagendoom, H.M. Verschoor, 
H. Van Bekkum, Rec. Truv. Chim. Pays-Bus 1970,89, 193-210. 

[ 18 J E. Rekka, S. Retsas, V.J. Demopoulos, P.N. Kourounakis,Arch. Phamz. 

[ 191 R.F. Rekker, R. Mannhold, Calculation of Drug Lipophilicity, VCH, 

1989,323,53-56. 

Weinheim. 1992. 

(201 T. Suzuki, Y. Kudo, .I. Cornput.-Aided Mol. Design 1990, 4, 155-198. 

[21] T. Suzuki, CHEMICALC-2, QCPE program no. 608. version 1 .O; 
Quantum Chemistry Program Exchange, Indiana University, Bloom- 
ington, IN, 1991. 

[22] A. Kakoulidou, R.F. Rekker, J .  Chramutogr. 1984,295, 341-353. 

[231 F.E. Bloom in Goodmn & Gilmun’s The Pharmucologicul Basis of 
Therupeutics, (Eds.: A. Goodman Gilman, T.W. Rall, A.S. Nies, P. 
Taylor) McCraw-Hill International Editions, Paris, 1991, 8th edition, 
vol. I, p. 244-268. 

macol. 1990,39,95-100. 
[24] E. Rekka, R.M. Mannhold, A. Bast, H. Timmerman, Biochem. Phur- 

[2S] S .  Nagatsuka, T. Nakazdwa, Biochem. Biophys. Actu 1982, 691, 171- 

[26] J.T. Povlishock, E.P. Wei, H.A. Kontos, FASEB J.  1988,2, A-835 

[27] V.E. Kagan, R.A. Kopaladze, L.L. Prilipko, V.M. Savov, Byull. Eksper. 

177. 

Biol. Med. Engl. transl. 1983, 96, 16-18. 

[28] L.J. Wilmore, W.J. Triggs, J.D. Gray, Bruin Res. 1986,382,422426. 

[291 A.O. Ogunmekan, P.A. Hwang in Free Rudicals in the Bruin (Eds.: 
L. Packer, L. Prilipko, Y. Christen), Springer-Verlag. Berlin, 1992, p. 
1 67-1 78. 

[30] T.H. Chan, S.D. Lee, J. Org. Chem. 1983,48,3059-3061 

[31] S.  Bhowmick, M. Pal, S.P. Pa1,Med. Sci. Res. 1989, 17,491-492. 

[32] V. Bailleux, L. VallCe, J.P. Nuyts, G. Hamoir, J.H. Poupaert, J.P. Sta- 

Received: April 10, 1996 [FPIIO] 

bles, J. Vamecq, Eur. J. Med. Chem. 1995,30, 439444. 

Arch. Pharm. Pharm. Med. Chem. 329,393-398 (1996) 




