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ABSTRACT 

This study we describe the synthesis of a novel structure of anticonvulsant agent as 6,8-dimethoxy-3-methyl-1,2,3,4- 
tetrahydroisoquinoline by using GYKI52466, which was the potent anticonvulsant agent, as the lead molecule. Com-
pound IV was synthesized and anticonvulsant effects was evaluated against Pentylenetetrazole (PTZ)-induced seizure 
model in mice. The acute anticonvulsant effect was tested with a single dose of 25 and 75 µmol/kg of the synthesis 
compound. Sodium valproate and normal saline were used as the reference standard and control, respectively. All 
compounds were injected intraperitoneally to each mouse an hour prior to seizure induced by injection of 60 mg/kg 
PTZ and observed their behavior for 30 minutes. The result showed that the IV at 75 µmol/kg could delay the latency to 
first twitch and decrease percent mortality compared to control group. 
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1. Introduction 

Epilepsy is a common chronic neurological disorder af- 
fecting individuals of all ages. It is defined as the oc- 
currence of at least one epileptic seizure, unprovoked by 
any immediate identified cause [1]. There are several 
ways for the treatment of epilepsies, although antiepileptic 
drugs (AEDs) remain the most widely utilized treatment [2]. 
1-(4-aminophenyl)-4-methyl-7,8-methylenedioxy-5H-2,3- 
benzodiazepine (GYKI52466, 1) is the first compound 
showed anticonvulsant that act via noncompetitive-AMPA 
receptor antagonist and was used as a lead for many 
studies [3-10]. Subsequently, talampanel (2) and CFM-2 
(3) was identified, and showed highly active molecule 
with good results in various animal seizure models [11- 
13]. According to 3D-pharmacophore study of Barreca et 
al. [11] the simple replacement of diazepine ring with 
tetrahydropyridine system directed the synthesis toward 
the 2-acetyl-1-aryl-6,7-dimethoxy-1,2,3,4-tetrahydroiso- 
quinolines (4), which mapped well onto the 3D-phar- 
macophore hypothesis (two hydrophobic groups, hydrogen 
bond acceptor feature and one aromatic region in a speci- 
fic three-dimensional arrangement) and shows an anti- 

convulsant activity more potent than 1 and 2 [14]. 
According to the structure-activity relationship (SAR) 

studies, modification by substitute halogens (ex. Cl, Br) 
at 4’-position on phenyl ring appears to improve the an-
ticonvulsant activity [15-17]. Since there was the study 
showed that mono-substitution of methoxy showed lower 
efficacy than the corresponding 6,7-disubstituted deriva- 
tive as one chemical feature of model is not mapped. 

In this study we designed to synthesize IV with the in-
troduction of 6,8-dimethoxy which expect to be well 
mapped on 3D-pharmacophore hypothesis and 3-methyl 
for analogy with 2 (Figure 1). Moreover, we introduce 
Cl at 4’-position on phenyl ring in expected to improve 
pharmacological and pharmacokinetic of the compound. 
The aims are to explore if these modification could in- 
fluent the anticonvulsant effect by primary screen anti- 
convulsant activity via Pentylenetetrazole (PTZ)-induced 
seizure model. 

2. Result and Discussions 

2.1. Chemistry 

The synthesis of the study compound was accomplished as 
shown in Scheme 1. The 3,5-dimethoxybenzaldehyde will  *Corresponding author. 

Copyright © 2012 SciRes.                                                                                OJMC 



Y. PARIYAWONGSAKUL  ET  AL. 73

 

 

Figure 1. Non-competitive AMPA receptor antagonists. 
 

 

Scheme 1. Reagent and conditions; (1) CH3CH2NO2, NH4OAc, reflux; (2) NaBH4, SiO2, IPA/CHCl3, rt; (3) H2, 10% Pd/C, 
MeOH; (4) 4-Chlorobenzaldehyde, toluene, reflux; (5) TFA, MeOH, reflux. 
 
be used as starting material. It was treated with nitro- 
ethane and ammonium acetate (1 eq.) in order to obtain I 
as yellow crystalline solid. The 1H-NMR of the product 
showed the singlet pattern of methoxy group at δ 3.81 
ppm and showed the H-aromatic signal at δ 6.50 - 6.54 
ppm. The product was confirmed successful reaction by 
the singlet signal of proton position 2 showed at δ 8.00 
ppm and carbon signal showed at δ 148.5 ppm. The 
methyl substitute showed proton singlet at δ 2.44 ppm 

and carbon signal at δ 14.5 ppm. Secondly, it was further 
reduced by NaBH4 (4 eq.) to give II as yellowish oil. The 
product was confirmed by multiplet proton signal of po-
sition 1 showed at δ 4.75 ppm. The proton signal of posi-
tion 2 showed doublet of doublet pattern at δ 2.90 (J = 
7.6, 13.8 Hz) and 3.22 (J = 6.4, 13.8 Hz) ppm. Moreo- 
ver, proton signal of methyl group was up-field shifted 
from δ 2.44 to 1.50 ppm. In 13C-NMR, the carbon signal 
of position 1 was up field shifted from δ 133.95 ppm to 
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84.62 ppm and position 2 from 148.55 to 41.75 ppm. 
Alternation of nitro group to amine group was performed 
by the hydrogenation under hydrogen gas with 10% Pd/C, 
III can be obtained as yellow oil. The III was confirmed 
successful hydrogenation by the up-filed shift of the proton 
signal at position 1 from δ 4.17 to 3.16 ppm and amine 
group showed the broad singlet signal at δ 2.09 ppm. 

Compound III was further refluxed with 4-chloroben- 
zaldehyde (5 eq.) in toluene to give yellowish oil pro- 
duct of imine intermediate (Schiff base). The imine inter- 
mediate is unstable in the air and high moisture condition. 
Therefore, the next cyclization step will be continuously 
performed via Pictet-Spengler synthetic pathway in the 
presence of TFA (1.5 eq.) to give IV as yellow solid. 
The IV can be isolated by conventional column chroma- 
tography. The complete cyclization was confirmed by the 
1D and 2D-NMR. The proton signal of position 4 in 
compound IV at δ 2.6 ppm showed the axial-axial inter- 
action (Jax) between proton at positions 3 and 4 which 
had coupling constant equal to 10.8 Hz, while repre- 
sented geminal coupling (Jgem) as 15.6 Hz of both protons 
at position 4. Furthermore, proton signal of position 4 at 
δ 2.7 ppm represented the axial-equatorial interaction 
(Jax) which had coupling constant equal to 2.4 Hz. These 
difference J values suggested that 3-methyl group of IV 
should be in equatorial configuration. And stereochemis- 
try of IV was confirmed as cis-isomer by using Nuclear 
Overhauser effect (NOE) method. The NOE data of IV 
showed strong exchanges of magnetization among the 
3-H and 1-H indicated that these protons should be in a 
cis-isomer (Figure 2). 

2.2 Anticonvulsant Activity 

The anticonvulsant effects were evaluated against PTZ- 
induced seizure model in ICR mice (Table 1). The results 
were compared with standard anticonvulsant, valproic 
acid (VPA). The dose for VPA (200 mg/kg) was based 
on experimental evidence that dose from 100 to 400 
mg/kg (i.p.) are effective in animal model [18,19]. PTZ is 
a convulsant chemical agent frequently use in experi- 
mental models for induction of seizure [20]. According 
to various studies using PTZ-induced seizure model, the 
dose of PTZ varied from 50 to 125 mg/kg. We decide to  

 

 

Figure 2. NOE interaction for IV. 

Table 1. Anticonvulsant activity of IV against PTZ-induced 
seizure model. 

Compounds Latent period (s) Mortality (%) P-values

PTZ + IV 25 µmol 84.6 ± 3.8 40 >0.05 

PTZ + IV 75 µmol 95.8 ± 15.1 0 <0.05 

PTZ + VPA 114.2 ± 21.8 0 <0.05 

PTZ (Control) 68.0 ± 15.9 50  

 
use 60 mg/kg PTZ by i.p. injection as it was the dose that 
produces jerks, myoclonus and clonic generalized seizures 
in 100% of control animals. Moreover, it was the dose 
that is between the 50% effective dose (ED50) of 33 
mg/kg [21]. 

In this study, anticonvulsant effect of IV was evaluated 
after i.p. administration against PTZ-induced seizure in 
ICR mice. We observed that in control group which mice 
received 60 mg/kg PTZ in saline, all mice showed seizure 
and 50% death. Pretreatment of IV 75 µmol/kg could 
100% protect the mortality of mice, however mice still 
have seizure in all stage. While, pretreatment with VPA 
gave 100% protection. Furthermore, the latency to the 
first twitch, we found that the latency period was increased 
in groups pretreatment with IV and VPA. Moreover, a 
significant increase in the latent period was observed in 
the dosage of 75 µmol/kg IV (95.8 ± 15.1 as compared to 
68.0 ± 15.9 seconds in the control group).  

3. Experimentals 

Chemicals were purchased from Fluka and Merck from 
Germany as synthesis grade. Reactions were monitored 
by TLC Silicagel 60 F254 (Merk, Germany) and were 
visualized under Ultraviolet light at 254 nm. Iodine 
vapors were also used for the spot detection. All melting 
points were recorded on Electrothermal melting point 
apparatus. Nuclear magnetic resonance (1H-NMR, 13C- 
NMR and 2D-NMR) spectra were recorded in CDCl3 on 
Varian NMR-400 MHz Spectrometer (Faculty of Science, 
Khon Kaen University, Khon Kaen, Thailand. Chemical 
shifts are expressed in δ (ppm) relative to TMS as the 
internal standard and coupling constants (J) are in hertz.  

3.1. Synthesis  

2-(3’,5’-Dimethoxyphenyl)-1-methyl-1-nitroethene (I). 
Ammonium acetate (2.4 mmol, 207.9 mg) was slowly 

added to the mixture of 3,5-dimethoxybenzaldehyde 
(2.4 mmol, 400 mg) in nitroethane (6 mL). The mixture 
was refluxed for 6 hours. The reaction was worked-up 
by extracted with water (100 mL) and EtOAc (3 × 100 
mL), the organic layer was dried with Na2SO4 anh. and  

Copyright © 2012 SciRes.                                                                                OJMC 



Y. PARIYAWONGSAKUL  ET  AL. 75

filtered out. The organic layer was then concentrated 
under rotary evaporator and purification by recrystalli- 
zation with methanol to afford yellow crystalline solid. 
Yield: 82%, mp 88.2 - 90.0˚C, Rf = 0.5 in Hexane: 
EtOAc (5:1). 1H-NMR (δ, ppm): 2.44 (1 H, s, CH3-3), 
3.81 (2 × 3 H, s, OCH3-3’ and 5’), 6.50 (1 H, s, H-4’), 
6.54 (2 H, s, H-2’ and H-6’), 8.00 (1H, s, H-2). 13C-NMR 
(δ, ppm): 14.54 (CH3-1), 55.89 (OCH3-3 and 5), 102.13 
(C-4), 108.31 (C-2’ and C-6’), 133.95 (C-1), 134.58 
(C-1), 148.55 (C-2), 161.36 (C-3’ and C-5’). 

2-(3’,5’-Dimethoxyphenyl)-1-methyl-1-nitroethane (II). 
The mixture of I (3.64 mmol, 811.2 mg) was dis- 

solved in the mixture of CHCl3: IPA in a ratio of 1:1 (30 
mL). Then, silica gel (5 g) was slowly added to the 
mixture. After that, NaBH4 (14.55 mmol, 550.0 mg) was 
slowly added over 1 hour in ice-bath. Then, the mix- 
ture was stirred at room temperature for 12 hours. The 
reaction was stopped by slowly added glacial acetic acid 
until there were no more bubble gases. The silica gel 
was filtered out. The excess glacial acetic acid was 
neutralized with 5% NaHCO3. The organic layer was 
then further washed with water (3 × 100 mL) and dried 
over Na2SO4 anh. and filtered out. The solution was re- 
moved under reduced pressure to give yellow oil product. 
Yield: 94 %, Rf = 0.4 in Hexane : EtOAc (5:1). 1H-NMR 
(δ, ppm): 1.50 (3H, d, J = 6.8 Hz, CH3-3), 2.90 (1 H, dd, 
Jgem = 13.8 Hz, Jvic = 7.6 Hz, H-2), 3.22 (1 H, dd, Jgem = 
13.8 Hz, Jvic = 6.4 Hz, H-2), 3.73 (2 × 3 H, s, OCH3-3’ 
and 5’), 4.72 - 4.77 (1 H, m, H-1), 6.29 (2 H, s, H-2’ and 
6’), 6.34 (1 H, s, H-4’). 13C-NMR (δ, ppm): 19.25 
(1-CH3), 41.75 (C-2), 55.69 (OCH3-3’ and 5’), 84.62 
(C-1), 99.56 (C-4’), 107.48 (C-2’ and C-6’), 138.14 
(C-1’), 161.46 (C-3’ and C-5’). 

2-(3’,5’-Dimethoxyphenyl)-1-methylethylamine (III). 
A solution of II (16.6 mmol, 3.74 g) in ethanol (20 mL) 

was hydrogenated over 10% Pd/C (10% mass of starting 
material). After the complete reaction, the catalyst was 
filtered out by wash with ethanol. The filtrate was re- 
moved under reduced pressure and further extracted with 
EtOAc (100 mL) and 0.5 N HCl (3 × 100 mL). The 
aqueous layer was basified to pH = 9 - 10 by ammonia 
solution. After that, the basified solution was extracted 
with EtOAc (3 × 100 mL). The organic layer was dried 
over Na2SO4 anh. and removed under reduced pressure to 
obtain yellow oil product (III). Yield: 56%, Rf = 0.12 in 
CHCl3: MeOH (10:0.5). 1H-NMR (δ, ppm): 1.11 (3 H, d, 
J = 6.8 Hz, CH3-3), 2.09 (2H, s, NH2), 2.46 (1 H, dd, Jgem 
= 13.2 Hz, Jvic = 8.0 Hz, H-2), 2.64 (1 H, dd, Jgem = 13.2 
Hz, Jvic = 5.2 Hz, H-2), 3.14-3.19 (1 H, m, H-1), 3.75 (2 
× 3H, s, OCH3-3’ and 5’), 6.30 (2 H, s, H-2’ and 6’), 6.32 
(1H, s, H-4’). 13C-NMR (δ, ppm): 23.98 (1-CH3), 47.33 
(C-2), 48.71 (C-1), 55.65 (OCH3-3’ and 5’), 98.54 (C-4’), 
107.65 (C-2’ and C-6’), 142.48 (C-1’), 161.18 (C-3’ and 
C-5’). 

N-(4-Chlorobenzylidene)-2-(3’,5’-dimethoxyphenyl)-
1-methylethylamine (IIIa). 

4-Chlorobenzaldehyde (6.65 mmol, 931 mg) was add- 
ed to a solution of III (1.33 mmol, 259 mg) in toluene 
(20 mL). The reaction mixture was refluxed under Dean- 
Stark separator for 6 hours. The solvent was removed 
under rotary evaporator apparatus to give yellowish oil 
product (IIIa) as intermediate. The compound was then 
continuously processed in the next step. 

1-(4’-Chlorophenyl)-6,8-dimethoxy-3-methyl-1,2,3,4-
tetrahydroisoquinoline (IV). 

Trifluoroacetic acid (1.5 eq) was added to IIIa in 
methanol (10 mL) and refluxed for 2.5 hours. After that, 
the reaction was cooled down at room temperature and 
extracted with water (100 mL) and EtOAc (3 × 100 ml). 
Finally, dried the organic layer over Na2SO4 anh. and 
concentrated under reduced pressure. Purification by 
column chromatography to obtain yellow solid. Yield: 
57%, mp: 80.5˚C - 82.0˚C, Rf = 0.53 in Hexane: EtOAc 
(1:1). 1H-NMR (CDCl3) δ: 1.20 (3H, d, J = 6 Hz, CH3-3), 
1.25 (1 H, bs, NH), 2.60 (1 H, dd, Jgem =15.6 Hz, Jax = 
10.8 Hz, Hax-4), 2.70 (1 H, dd, Jgem = 15.6 Hz, Jeq = 2.8 
Hz, Heq-4), 2.98 - 3.07 (1 H, m, H-3), 3.38 (3 H, s, 
OCH3-8), 3.79 (3 H, s, OCH3-6), 5.13 (1 H, s, H-1), 6.22 
(1 H, s, H-7), 6.28 (1 H, s, H-5), 7.12 - 7.21 (4 H, 
Aromatic-H). 13C-NMR (δ, ppm): 21.77 (CH3-3), 38.91 
(C-4), 48.97 (C-3), 55.00  (OCH3-8), 55.24 (OCH3-6), 
58.38 (C-1), 97.20 (H-7), 104.49 (C-5), 118.39 (C-8a), 
128.40 (C-3’ and 5’), 128.84 (C-2’ and 6’), 132.08 (C-4’), 
138.45 (C-4a), 144.60 (C-1’), 157.55 (C-8), 159.28 
(C-6). 

3.2. Anticonvulsant Activity 

Anticonvulsant activity was performed on five-week 
male ICR mice weigh 30 g - 35 g (Mahidol University, 
Thailand). The animal were acclimatized in the laboratory 
in a ventilated room at the ambient temperature of 25˚C 
on a natural light/dark cycle for at least one week prior to 
the experiments. Food and water were provided. Ex- 
periments were completed within a week to minimize the 
effect of increasing age on seizure susceptibility. In all 
experiments, each animal was used for only once and the 
experiments were carried out between 9.00 a.m.-6.00 p.m. 
The experiment was approved by Animals Ethics Com- 
mittee of Khon Kaen University based on the Ethic of 
Animal Experimentation of National Research Council of 
Thailand. 

3.3. Anticonvulsant Activity against 
PTZ-Induced Seizure Model  

All compounds were fleshly prepared. VPA and PTZ 
were was dissolved in 15% tween 80 and normal saline, 
respectively. The method was modified from Agarwal et 
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al. [22]. PTZ in a dose 60 mg/kg was intraperitoneally 
injected after 45 minutes administration of normal saline, 
IV in a dose of 25, 75 µmol/kg or valproic acid 200 
mg/kg. All compounds were injected in a volume of 0.01 
mL/g body weight. In the control, PTZ was injected 45 
minutes after the first administration of saline. The be- 
havior of the mice was observed and recorded for 30 
minutes after PTZ injection and subsequently analyzed. 
Time latencies for generalized clonus was measured. The 
absence of seizures within 30 min, the latency time was 
taken as 1800 sec. Latencies were calculated as the time 
between PTZ injections to the onset of these stages. 
Generalizes clonus was described by the involvement of 
all four limbs and tail, rearing, wild running and jumping, 
sudden loss of upright posture and autonomic signs [23].  

3.4. Statistical Analysis 

The data are expressed as means ± standard error (SE). 
The correlations were carried out by ANOVA followed 
by Dunnett’s test and Kruskal-Wallis nonparametric one- 
way analysis of variance. SigmaStat 3.11 software was 
used for statistical analysis and probability value of less 
than 0.05 was accepted as statistically significant. 

4. Conclusion 

We prepared a new core structure of anticonvulsant agent 
as 6,8-dimethoxy-3-methyl-1,2,3,4-tetrahydroisoquinoline 
bearing a pharmacophoric fragment of GYKI52466. The 
data revealed that the compound IV in the dosage of 75 
µmol/kg was able to increase the latency period and 
decrease mortality in preliminary screening PTZ-induced 
seizure model in mice. On the basis of the results obtain- 
ed with the new compound, IV could present new core 
structure for further chemical modification for anticon- 
vulsant agent.  
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