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ABSTRACT 
 

Some Sulfanoquinoxaline-2,3-diones hydrazone derivatives (1-8) were synthesized from the 
reactions of 2,3-dioxoquinoxaline-6-sulfonohydrazine with seven substituted benzaldehydes and 
acetophenone. All the synthesized compounds were biologically evaluated against cholinesterase’s 
(acetylcholinesterase and butyryl cholinesterase). Compounds 1-8 were found to be a good 
selective inhibitor for acetylcholinesterase and butyryl cholinesterase. Among the series, 
compounds 3 (IC50 = 75 ± 10 µg/mL) and 5 (IC50 = 80 ± 10 µg/mL) were found to be the most 
active inhibitors against acetylcholinesterase, while compounds 6 (IC50 = 110 ± 10 µg/mL), 8 (IC50 
= 130 ± 10 µg/mL) and 7 (IC50 = 150 ± 10 µg/mL), were found to be most active inhibitor against 
butyryl cholinesterase. The IC50 values for all the synthesized compounds were lower than 
standard, eserine (IC50 = 70 ± 20 µg/mL). Their considerable acetylcholinesterase and butyryl 
cholinesterase inhibitory activities make them a good candidate for the development of selective 
acetylcholinesterase and butyryl cholinesterase inhibitors. 
 

 

Original Research Article 



 
 
 
 

Taiwo et al.; JALSI, 24(8): 8-16, 2021; Article no.JALSI.71131 
 
 

 
9 
 

Keywords: Alzheimer's disease; acetylcholine; quinoxaline; acetylcholinesterase; 
butyrylcholinesterase; serine; hydrazone. 

 
1. INTRODUCTION  
 
Heterocycles containing quinoxaline derivatives 
have gained considerable attention from 
researchers in recent years. Quinoxaline and its 
numerous derivatives have been widely reported 
because of their biological activity, specifically as 
antimicrobial [1-6], antibacterial [7-9], anti-cancer 
[10], antiaminoceptive [11], anti-inflammatory 
[12,13] anti-viral [14-16], antimalaria [17] agents. 
Alzheimer’s disease (AD) is a common form of 
dementia in which severe loss of cholinergic cells 
occurs, which subsequently leads to low levels of 
the neurotransmitter Acetylcholinesterase (AchE) 
in the brain, while activity of butyryl 
cholinesterase (BChE) does not change or even 
elevate in advanced AD, which suggests a key 
involvement of BChE in AChE hydrolysis during 
AD symptoms. Such neurological changes in the 
nervous system may contribute to various 
cognitive and behavioral symptoms that appear 
during AD. Therefore, inhibiting the activity of 
BChE may be an effective way to control AD 
associated disorders. 

 
2. MATERIALS AND METHODS  
 
2.1 General 
 
Melting points were determined with open 
capillary tube on a Gallenkamp (variable heater) 
melting point apparatus and were uncorrected. 
Infrared spectra were recorded as KBr pellets on 
a Buck Spectrometer. The 

1
H and 

13
C NMR was 

run on a Bruker 600 MHz spectrometer (δ in ppm 
relative to Me4Si), The purity of the compounds 
was routinely checked by TLC on silica gel G 
plates using n-hexane/ethyl acetate (1:1, v/v) 
solvent system and the developed plates were 
visualized by UV light. All reagents used were 
obtained from Sigma–Aldrich Chemical Ltd, 
except Glacial acetic acid, ethanol, oxalic acid 
and vanillin which were obtained from BDH 
Chemical Limited. 

 
2.2 Synthesis of Quinoxaline-2,3-(1H,4H)-

Dione-6-Sulfonyl Hydrazide 1 
 
Hydrazine hydrate (10 mL 0.460 mmol) in 
absolute methanol (100 mL) was added 
quinoxaline-6-sulfonylchloride (15 g, 0.55 mol) 
portion wise with constant stirring. The reaction 

mixture obtained was refluxed at 80 oC for 4 
hours. The solution was cooled and poured into 
crushed ice to give 1׳ . Melting point >330 oC. IR 
Spectra (KBr) 3347 cm-1 (N-H), 3139 cm-1 (N-
H), 3050 cm-1 (N-H), 3039 cm-1 (N-H), 1669 cm-
1 (C=O), 1595 cm-1 (C=N), 1391 (SO2), 1159 
cm-1 (SO2). 1H NMR (DMSO-d6) 3.37 (br s, 1H, 
NH, D2O exchangeable), 4.12 (br s, 1H, NH, 
D2O exchangeable), 12.10 (br s, 1H, NH, D2O 
exchangeable), 8.37 (br s, 1H, NH, D2O 
exchangeable), 7.60 (d, 1H, ArH), 7.49-7.50 (dd, 
1H, ArH), 7.27 (d, 1H, ArH. 13C NMR (DMSO-
d6) 154.86 (C=O), 131.98 (Aromatic), 128.95 
(Aromatic), 125.50 (Aromatic), 122.33 
(Aromatic), 115.27 (Aromatic), 114.96 
(Aromatic). 

 
2.3 Synthesis of N-(E)-

(phenylideneamino)-6-(quinoxaline-
2,3-(1H,4H)-dione) Sulfonamide 1-6 

 
A mixture of Quinoxaline-6-sulfonohydrazine 1 
(39 mmol), the required benzaldehydes (39 
mmol) and glacial acetic acid (25 mL was 
refluxed at 120oC for 3 hours. The resulting 
mixture was cooled and poured into crushed ice 
with continuous stirring. The solid obtained was 
filtered and washed with cold water, dried and 
recrystallized from DMF/water to afford the 
desired product. 

 
N-(E)-(3-Chlorobenzylideneamino)-6-
(Quinoxaline-2,3-(1H,4H)-Dione)Sulfonamide 
1 

 
A yellow solid, m.p 239-240oC, lit. 241-243 

o
C 

[18]. IR Spectra (KBr): 3238 cm-1 (N-H), 3215 
cm-1 (N-H), 3042 cm-1 (CH aromatic), 1692 cm-1 
(C=O), 1603 cm-1 (C=N), 1371 (vmaxSO2), 1163 
cm-1 (SO2). 1H NMR (DMSO-d6) 12.12 (br s, 
2H, NH, D2O exchangeable), 11.61 (br s, 1H, 
NH, D2O exchangeable), 7.89 (s, 1H, ArH), 7.66 
(d, 1H, ArH), 7.24 (d, 1H, ArH), 7.44 (m, 2H, 
ArH), 7.56 (m, 2H, ArH), 8.72 (s, 1H, N=CH). 
13C NMR (DMSO-d6): 160.58 (C=O), 155.18 
(C=O), 154.92 (C=N), 145.79, 134.54 (Aromatic), 
132.53 (Aromatic), 132.66 (Aromatic), 130.00 
(Aromatic), 129.52 (Aromatic), 129.07 
(Aromatic), 128.84 (Aromatic), 128.45 
(Aromatic), 125.85 (Aromatic), 121.97 
(Aromatic), 115.42 (Aromatic), 114.20 
(Aromatic). 
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N-(E)-(3-nitrobenzylideneamino)-6-
(quinoxaline-2, 3-(1H, 4H)-dione)Sulfonamide 
2 

 
A yellow solid, m.p 249-251oC, lit.250 

o
C [18]. IR 

Spectra (KBr): 3247 cm
-1

 (N-H), 3239 cm
-1

 (N-
H), 3077 cm-1 (CH aromatic), 1680 cm-1 (C=O), 
1599 cm

-1
 (C=N), 1341 cm

-1
 (vmaxSO2), 1151 

cm-1 (SO2). 1H NMR (DMSO-d6): 12.20 (br s, 1H, 
NH, D2O exchangeable), 12.13 (br s, 1H, NH, 
D2O exchangeable), 12.00 (br s, 1H, NH, D2O 
exchangeable), 8.27 (d, 1H, ArH), 8.15 (dd, 2H, 
ArH), 7.58 (dd, 1H, ArH), 7.26-7.28 (d, 1H, ArH), 
7.66 (m, 1H, ArH), 6.76(m, 1H, ArH) , 8.97 (s, 
1H, N=CH). 

13
C NMR (DMSO-d6): 158.65 (C=O), 

155.19 (C=O), 154.91 (C=N), 148.85 (Aromatic), 
147.85 (Aromatic), 133.91 (Aromatic), 133.75 
(Aromatic), 13214 (Aromatic), 129.63 (Aromatic), 
129.41 (Aromatic), 127.94 (Aromatic), 127.79 
(Aromatic), 125.93 (Aromatic), 124.76 
(Aromatic), 124.65 (Aromatic), 115.55 
(Aromatic), 114.20 (Aromatic). 
 
N-(E)-(4-methoxybenzylideneamino)-6-
(quinoxaline-2,3-(1H,4H)-dione)Sulfonamide 3 

 
A yellow solid, m.p 260-262 oC, lit. 262-263 oC 
[18]. IR Spectra (KBr) 3486 cm

-1
 (N-H), 3212 

cm-1 (N-H), 3062 cm-1 (CH aromatic), 1684 cm-1 
(C=O), 1586 cm

-1
 (C=N), 1387 cm

-1
 (C-O), 1310 

(SO2), 1155 cm-1 (SO2). 
1H NMR (DMSO-d6) 

12.16 (br s, 2H, NH, D2O exchangeable), 
11.50(br s, 1H, NH, D2O exchangeable), 7.80 (d, 
1H, ArH), 7.58 (dd, 1H, ArH), 7.17 (d, 1H, ArH), 
7.12 (m, 1H, ArH), 7.27 (dd, 1H, ArH), 7.32 (t, 
1H. ArH), 6.96-6.98(m, 1H, ArH) 7.68 (s, 1H, 
N=CH), 3.78 (s, 3H, -OCH3). 

13
C NMR (DMSO-

d6) 159.39 (C=O), 155.20 (C=O), 154.95 (C=N), 
146.97 (Aromatic), 134.97 (Aromatic), 132.66 
(Aromatic), 130.30 (Aromatic), 129.87 
(Aromatic), 129.50 (Aromatic), 125.81 
(Aromatic), 125.58 (Aromatic), 122.41 
(Aromatic), 122.02 (Aromatic), 119.36 
(Aromatic), 115.85 (Aromatic), 115.42 
(Aromatic), 114.31 (Aromatic), 112.87 
(Aromatic), 111.61 (Aromatic), 55.10 (CH3). 

 
N-(E)-(4-hydroxybenzylideneamino)-6-
(quinoxaline-2,3-(1H,4H)-dione)Sulfonamide 3 

 
A yellow solid, m.p 240-242 oC, lit. 239-241 oC 
[18]. IR Spectra (KBr): 3668 cm

-1
 (N-H), 3459 

cm-1 (N-H), 3050 cm-1 (CH aromatic), 1684 cm
-1

 
(C=O), 1599 cm-1 (C=N), 1395 cm-1 (C-O), 1322 
(SO2), 1151 cm-1 (SO2). 

1
H NMR (DMSO-d6): 

12.18 (br s, 1H, NH, D2O exchangeable), 12.13 

(br s, 1H, NH, D2O exchangeable), 11.30 (br s, 
1H, NH, D2O exchangeable), 7.77 (d, 1H, ArH), 
7.67 (d, 1H, ArH), 7.24 (dd, 1H, ArH), 7.52 (d, 
2H, ArH), 6.94 (d, 2H, ArH), 8.64 (s, 1H, N=CH), 
3.75 (s, 3H, -OCH3). 13C NMR (DMSO-d6): 
160.77 (C=O), 160.46 (C=O), 155.19, 154.94 
(C=N), 147.17 (Aromatic), 132.81 (Aromatic), 
129.94 (Aromatic), 129.40 (Aromatic), 128.43 
(Aromatic), 126.51 (Aromatic), 126.19 
(Aromatic), 125.77 (Aromatic), 122.01 
(Aromatic), 115.35 (Aromatic), 114.35 
(Aromatic), 114.31 (Aromatic), 114.19 
(Aromatic), 55.23 (CH3), 55.34 (CH3). 

 
2.4 Synthesis of N-(E)-((1-(4-

dimethylamino)phenyl)methylideneam
ino)-6-(quinoxaline-2,3-(1H,4H)-dione) 
Sulfonamide 5 

 
Melting point 288-290 

o
C lit 286-288 

o
C [18] IR 

Spectra (KBr) 3193 cm-1 (N-H), 3135 cm-1 (N-H), 
3035 cm

-1
 (CH aromatic), 1676 cm

-1
 (C=O), 1584 

cm-1 (C=N), 1318 (SO2), 1159 cm-1 (SO2). 
1H 

NMR (DMSO-d6) 12.13 (br s, 1H, NH, D2O 
exchangeable), 11.92 (br s, 1H, NH, D2O 
exchangeable), 10.04 (br s, 1H, NH, D2O 
exchangeable), 7.76 (s, 1H, ArH), 7.74 (d, 2H, 
ArH), 7.55 (ddd, 1H, ArH), 7.38-7.44 (dd, 2H, 
ArH), 7.23-7.32 (ddd, 1H, ArH), 8.61 (s, 1H, 
N=CH), 2.50 (s, 6H, CH3). 

13
C NMR (DMSO-d6) 

155.18 (C=O), 154.92 (C=O), 137.27 (Aromatic), 
132.79 (Aromatic), 132.05 (Aromatic), 129.72 
(Aromatic), 129.40 (Aromatic), 129.02 
(Aromatic), 128.40 (Aromatic), 128.34 
(Aromatic), 126.44 (Aromatic), 126.01 
(Aromatic), 125.66 (Aromatic), 125.58 
(Aromatic), 122.40 (Aromatic), 14.67 (CH3), 
14.27 (CH3) 

 
2.5 Synthesis of N-(E)-((1-(4-methoxy-3- 

hydroxyl-)phenyl)ethylideneamino)- 6-
(quinoxaline-2,3-(1H,4H)-dio ne) 
Sulfonamide 6 

 
Melting point 230-231 

o
C lit 233 

o
C 

(decomposed) [18] IR Spectra (KBr) 3363 cm-1 
(OH), 3239 cm

-1
 (N-H), 3054 cm-1 (CH 

aromatic), 1680 cm
-1

 (C=O), 1588 cm
-1

 (C=N), 
1391 cm-1 (C-O), 1333 (SO2), 1156 cm-1 (SO2). 
1
H NMR (DMSO-d6) 12.13 (br s, 2H, NH, D2O 

exchangeable), 11.20 (br s, 1H, NH, D2O 
exchangeable), 9.50 (s, 1H, ArH), 7.56-7.57 (dd, 
1H, ArH), 7.66 (d, 1H, ArH), 6.98 (dd, 1H, ArH), 
7.24-7.26 (d, 1H, ArH), 7.10 (d, 1H, ArH), 7.77 (s, 
1H, N=CH), 3.78 (s, 6H, OCH3).                      
13C NMR (DMSO-d6) 154.89 (C=O), 148.79 
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(C=N), 147.73 (C-O), 132.72 (Aromatic), 129.32 
(Aromatic), 125.68 (Aromatic), 124.96 
(Aromatic), 121.99 (Aromatic), 121.08 
(Aromatic), 115.35 (Aromatic), 115.29 
(Aromatic), 114.31 (Aromatic), 109.50 
(Aromatic), 55.47 (CH3). 
 
2.6 Synthesis of N-(E)-(7-chloro-2-

oxoindole-3-ylideneamino)-6-
(quinoxaline-2,3-(1H,4H)- dione) 
Sulfonamide 7 

 
Melting point 268-270 oC lit 273-274 oC [18]. IR 
Spectra (KBr) 3324 cm-1 (N-H), 3104 cm-1 (N-H), 
1680 cm

-1
 (C=O), 1595 cm

-1
 (C=N), 1383 cm

-1
 

(C-O), 1322 (SO2), 1163 cm-1 (SO2). 
1H NMR 

(DMSO-d6) 12.21 (br s, 1H, NH, D2O 
exchangeable), 12.17 (br s, 1H, NH, D2O 
exchangeable), 10.73 (br s, 1H, NH, D2O 
exchangeable), 7.72 (d, 1H, ArH), 7.87 (d, 1H, 
ArH), 7.63-7.65 (dd, 1H, ArH), 6.85-6.86 (d, 1H, 
ArH), 7.27-7.29 (d, 1H, ArH), 7.37 (t, 1H, ArH), 
7.06 (t, 1H, ArH). 13C NMR (DMSO-d6) 171.93 
(C=O), 163.61 (C=O), 155.16 (C=O), 154.86 
(C=N), 143.84 (Aromatic),141.84 (Aromatic), 
133.07 (Aromatic), 131.58 (Aromatic), 129.86 
(Aromatic), 126.58 (Aromatic), 125.67 
(Aromatic), 122.75 (Aromatic), 121.60 
(Aromatic), 115.36 (Aromatic), 115.12 
(Aromatic), 115.02 (Aromatic) 110.50  
(Aromatic). 
 
2.7 Synthesis of N-(E)-(-1-

phenylethylideneamino)-
6(quinoxaline-2,3-(1H,4H)-dione) 
Sulfonamide 8 

 
Melting point 288-290 oC lit 290-292 0C [18]. IR 
Spectra (KBr) 3347 cm

-1
 (N-H), 3139 cm

-1
 (N-H), 

3039 cm-1 (CH aromatic), 2927 cm-1 (CH 
aliphatic) 1676 cm

-1
 (C=O), 1595 cm

-1
 (C=N), 

1314 (SO2), 1167 cm-1 (SO2). 
1H NMR (DMSO-

d6) 12.17 (br s, 2H, NH, D2O exchangeable), 
8.36 (br s, 1H, NH, D2O exchangeable), 8.35 (s, 
1H, ArH), 7.91 (m, 1H, ArH), 7.25 (d, 1H, ArH), 
7.60 (d, 1H, ArH), 7.46 (m, 3H, ArH), 2.50 (s, 3H, 
CH3). 

13C NMR (DMSO-d6) 158.56 (C=O), 
155.12 (C=O) 154.88 (C=N), 151.13, 148.17 
(Aromatic), 143.28 (Aromatic), 132.89 
(Aromatic), 129.23 (Aromatic), 128.09 
(Aromatic), 125.65 (Aromatic), 124.58 
(Aromatic), 121.96 (Aromatic), 120.51 
(Aromatic), 115.23 (Aromatic), 114.31 
(Aromatic), 111.93 (Aromatic) 111.84 (Aromatic), 
20.95 (CH3). 
 

2.8 In vitro Acetylcholinesterase and 
Butyrylcholinesterase Inhibitory 
Assays 

 
The anti-cholinesterase (acetylcholinesterase 
and butyrylcholinesterase) inhibiting activities of 
the synthesized compounds were determined by 
using modified method of Ellman et al. (1961)[19] 
as described by Obuotor (2004)[20]. The 
synthesized compounds were prepared in a 
stock solution of DMSO in buffer and was used 
for the cholinesterase inhibition assay, while 
Eserine prepared in buffer was used as the 
reference compound (positive control). 

 
Procedure: To triplicate test tube was added 
240 µL of buffer (50 mM Tris-HCl, pH 8.0) and 20 
µL of varying concentration of the test 
compounds (10, 5, 2.5 and 1.25 mg/ mL), 20 µL 
of the enzyme preparation, the reaction mixture 
was then incubated for 30 mins at 37 0C, after 
which 20 µL of 10 mM 5,5’-dithiobis (2-
nitrobenzoic acid), was added. 

 
The reaction was then initiated by the addition of 
20µl of 25 mM ATChI (1.042 mM final 
concentration). The rate of hydrolysis of ATChI 
was then determined spectrophotometrically by 
measuring the change in the absorbance per 
minute (∆A/min) due to the formation of the 
yellow 5-thio-2-nitrobenzoate anion at 412 nm 
over a period of 4 min at 30s interval. A solution 
of buffer was used as negative control.                    
The percentage inhibition (% I) of the 
synthesized compounds were obtained using the 
formula:  

 
I (%) = [(V0-Vi)/V0]*100 

 
Where: I (%) = Percentage inhibition 
Vi = enzyme activity in the presence of 
synthesized compounds 
V0 = enzyme activity in the absence of 
synthesized compounds 

 
3. RESULTS AND DISCUSSION  
 

Chemistry 
 

2,3-dioxo-1,2,3,4-tetrahydroquinoxaline-6-sulfono 
hydrazide I was reacted with some aromatic 
aldehydes under refluxing condition in glacial 
acetic acid to afford the hydrazones 1 – 6 as 
shown in Scheme 1. Furthermore, N-(E)- (2-
oxoindole-3-ylideneamino)-6- (quinoxaline-2,3-
(1H,4H)-dione) sulfonamide 7 was prepared by 
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the reacting I with indoline-2,3-dione as shown in 
Scheme 1. The reaction of I with acetophenone 
under refluxing condition in glacial acetic acid 
afforded the hydrazone 8. Generally, studying  
the infrared spectra of the compounds the 
absorption bands due to the stretching vibrations 
of N-H and OH was observed between 3135 and 
3390 cm-1,, the C=O vibrations was observed 
between 1676 and 1692 cm

-1
, C=C and C=N 

between 1607 and 1580 cm-1, SO2 at 1310 - 
1391 cm

-1
 and 1140 - 1167 cm

-1
 for asymmetric 

and symmetric vibrations. The 
1
H-NMR spectral 

data of compounds 1-8 in DMSO-d6 showed 
signal for NH between 8.37 ppm and 12.51 ppm, 
the signals for CH=N between 7.68-ppm and 
9.59 ppm, the signals for aromatic protons were 
observed between 6.40 ppm and 9.50 ppm, the 
signals for methyl protons (CH3) were seen at 
2.50 ppm and the signals for methoxy protons 
(OCH3) were observed between 3.75 ppm and 
3.78 ppm. 

 
SCHEME 1: Synthetic procedure for 
compounds 1-8 
 

 
 

i. substituted benzaldehydes (2-7) ii) isatin (8) (iii) 
acetophenone (9). Reaction condition: glatial 
acetic acid 
 
Biology 

 
Alzheimer disease (AD) is one of the most 
ordinary neurodegenerative diseases resulting in 
progressive dysfunction in the brain which has 
become a major health problem among the aged 
all over the world. Alzheimer disease brains 
show extensive cell loss, particularly of 
cholinergic neurons [21], and reduction of the 
neurotransmitter acetylcholine, producing the 
cholinergic dysfunction characteristic of AD [21]. 

 
It is also established that AChE levels decrease 
in AD, while BuChE activity does not [22]. BuChE 
co-regulates acetylcholine metabolism as 
demonstrated by the fact that AChE-knockout 
mice are viable [23-24]. The accumulation of 
BuChE in AD pathology is especially notable in 
cortical grey matter, an area that normally has 
very little BuChE activity [25-28]. Therefore, 
inhibition of both acetylcholinesterase (AChE) 
and butyrylcholinesterace (BChE), the enzymes 
responsible for hydrolysis of ACh at the 
cholinergic synapse and grey matter 
respectively, is currently the most established 
approach for treating Alzheimer disease [29-30]. 
The present study established that the synthetic 
compounds show a dual inhibition of both AChE 
and BChE, with more preference to BChE. All the 
tested compounds exhibit a very strong inhibition 
towards BChE more than AChE as observed 
from their IC50. This might be as a result of larger 
size of the compounds which makes them fit 
properly into the active site of BChE more than 
AChE, thereby resulting into higher inhibition. 

 
Fig. 1. Inhibition (%) of AChE by Compounds 1-8 
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Fig. 2. Inhibition (%) of BChE by Compounds 1-8 
 

 
 

Fig. 3. IC50 of AChE by Compounds 1-8 
 

 
 

Fig. 4. IC50 of BChE by Compounds 1-8 
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Table 1. Bioactivity studies results for sulfonamides (1–8)  
 

Compounds Inhibition (%) 
at 0.5 mM 

IC50 lM ± 
SEM

a
 

Inhibition (%) 
at 0.5 mM 

IC50 lM ± 
SEM

a
 

AChEc BChEc 

1 68.76 0.9 ±0.10 70.87 1.51±0.1 1.68 0.60 
2 78.71 1.48±0.25 68.8 1.73±0.04 1.17 0.86 
3 66.49 0.75±0.01 75.98 5.0±0.37 6.67 0.15 
4 63.62 1.00±0.02 75.73 5.61±0.10 5.61 0.18 
5 64.29 0.80±0.01 80.2 1.60±0.01 1.63 0.61 
6 63.05 0.98±0.01 90.74 1.10±0.01 1.38 0.72 
7 76.34 0.88±0.01 87.86 1.50±0.01 1.70 0.59 
8 70.2 1.28±0.01 88.84 1.30±0.01 1.01 0.98 

Eserine
b
 68 0.07±0.02 99.65 2.70±0.03 38.57 0.026 

a. All reactions were performed in triplicates and averaged, and SEM is standard mean error of the experiments, 
b. Standards used, c. selectivity for AChE = BChE/AChE; selectivity for BChE = AChE/BChE 

 
The results also established that compounds 1, 
2, 5, 6, 7 and 8 have a higher inhibitory activity 
towards BChE when compared to the reference 
compound i.e. eserine, which shows that they 
can serve as a potent and lead compounds 
which can be optimized for treatment of 
Alzheimer disease. A study also demonstrated 
that selective BuChE inhibitors reduced amyloid 
precursor protein processing and Aβ level in vivo 
and in vitro [31]. These results suggest that the 
effects may arise from the interaction of these 
compounds with amyloid cascade, influencing 
the expression and metabolic processing of APP 
and thereby slowing down the major pathological 
consequences of aggregation [32-33]. Therefore, 
cholinesterase inhibitors not only increase the 
level of ACh but also prevent the formation of β-
amyloidal plaques thereby protecting the neurons 
from neurodegeneration. 
 

4. CONCLUSION 
 
The results obtained from this study clearly 
indicate that the synthesized compounds have a 
potent cholinesterase inhibitory activity under in 
vitro study. The most probable reason for their 
potential cholinesterase inhibitory activity might 
be related to their large size and chemical 
structure. This can be further characterized, and 
they can be evaluated for their bioavailability and 
potential toxicity in vivo. 

 
DISCLAIMER 
 
The products used for this research are 
commonly and predominantly use products in our 
area of research and country. There is absolutely 
no conflict of interest between the authors and 
producers of the products because we do not 
intend to use these products as an avenue for 
any litigation but for the advancement of 

knowledge. Also, the research was not funded by 
the producing company rather it was funded by 
personal efforts of the authors. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Badran M, Abonzid K, Hussein M. 

Synthesis of certain substituted 
quinoxalines as antimicrobial agents. Part 
ii. Archieves of Pharmarcy Reserves. 
2003;26:107-113. 

2. Jaso A, Zarranz B, Aldana I, Monge A. 
Synthesis of new 2-acetyl and 2-benzoyl 
quinoxaline-1,4-di-N-oxide derivatives as 
anti-mycobacterium tuberculosis agents. 
European Journal of Medicinal Chemistry. 
2003;39:791-800. 

3. Hearn M, Cynamon M. Design and 
synthesis of anti-tuberculars: Preparation 
and evaluation against Mycobacterium 
tuberculosis of an isoniazid schiff base. 
Journal of Antimicrobial Chemotherapy. 
2004;55:185-191. 

4. Kaurase S, Wadher N, Yeole P. 
Microwave assisted Synthesis of 
hydrazone derivatives of quinoxalinone 
and evaluation of their antimicrobial 
activity. International Journal of Universal 
Pharmacy and Life Sciences. 2011;1 
(2):117-126. 

5. Aswartha U, M, Sreeramulu J, Puna S. 
Synthesis and antimicrobial activity of a 
novel series of quinoxaline-2,3-dione 
derivatives. International Journal of 
Advances in Pharmaceutical Research. 
2012;(7):1010-1020. 



 
 
 
 

Taiwo et al.; JALSI, 24(8): 8-16, 2021; Article no.JALSI.71131 
 
 

 
15 

 

6. Achutha L, Parameshwar R, Madhava 
Reddy B, Babu H. Microwave-assisted 
synthesis of some quinoxaline-incoporated 
schiff bases and their biological evaluation. 
Journal of Chemistry. 2013;578438:1-5. 

7. Bailly C, Echepare S, Gago F, Waring M. 
Recorgnition elements that determine 
affinity and sequence-specific binding DNA 
of 2QN a biosynthetic bis quinoline 
analogue of echinimycin. Anti-Cancer Drug 
Descriptions. 1999;15:291-305. 

8. Burguete A, Pontiki E, Litina DH, Vicente 
E, Solano B. Synthesis and anti 
inflammatory/antioxidant activities of some 
new ring substitruted 3-phenyl-1-(1,4-di-N-
oxide-quinoxalin-2-yl)-2-propen-1-one 
derivatives and their 4,5-dihydro-(1H)-
pyrazole analogues. Bioorganic and 
Medicinal Chemistry Letters. 
2007;17:6439-6443. 

9. Beheshtiha YS, Heravi MM, Saeedi M, 
Karimi N, Zakeri M, Hossieni NT. 1-(4-
Sulfonic acid) butyl-3-methylimidazolium 
hydrogen sulfate 
((CH2)4SO3HMIM]HSO4]) efficiently 
catalyzed a four-component Hantzsch 
reaction of aldehyde, ethylacetoacetate, 
dimedone, and ammonium acetate to 
afford the corresponding 
polyhydroquinoline. Synthetic 
Communications. 2010;40:1216-1220. 

10. Chen P, Arthur MD, Derek N, Henry HG, 
Steven HS, Jagabundhu D, Robert VM, 
James L, John W, Edwin JI, Kim WM, 
David JS, Kamelia B, Saeho C, Henry F, 
Suhong. Imidazoquinoxaline Src-Family 
Kinase p56Lck Inhibitors:  SAR, QSAR, 
and the Discovery of (S)-N-(2-Chloro-6-
methylphenyl)-2-(3-methyl-1-
piperazinyl)imidazo-1,5-a]pyrido3,2-
e]pyrazin-6-amine as a Potent and Orally 
Active Inhibitor with Excellent in Vivo. 
Journal of Medicinal Chemistry. 
2004;47:4517-4529. 

11. Deepika Y, Nath PS. Design, Synthesis of 
Novel quinoxaline derivatives and their 
antinoceptive activity. Asian Journal of 
Pharmaceutical and Health Sciences. 
2012;2(1):261-264. 

12. Wagle S, Adhikari A, Kumari N. Synthesis 
of some new 2-(3-methyl-7- substituted-2-
oxoquinoxalinyl)-5-(aryl)-1,34-oxadiazoles 
as potential non-steroidal anti-
inflammatory and anagesic agents. Indian 
Journal of Chemistry. 2008; 47:439-448. 

13. Rajitha G, Saideepa N, Praneetha P. 
Synthesis and evaluation of N-(x-

benzamido cinnamoyl)-aryl hydrazone 
derivatives for anti-inflammatory and 
antioxidant activities. Indian Journal of 
Chemistry and Biology. 2011;50:729-733. 

14. Michael JW, Ben-Hadda T, Kchevan AT, 
Ramdani A, Touzani R, Elkadiri S, Hakkou 
A, Boukka M, Elli T. 2,3-bifunctionalized 
quinoxalines: Synthesis, DNA Interactions 
and Evaluation of anticancer, anti-
tuberculosis and anti-fungal activity. 
Molecules. 2002;7:641-656. 

15. Lindsley CW, Zhao Z, Leister WH, 
Robinson RG, Barnett SG, Defeo-Jones 
RE. Allosteric Akt (PKB) inhibitors: 
Discovery and SAR of isozyme selective 
inhibitors. Bioorganic and Medicinal 
Chemistry Letters. 2005;15:761-764. 

16. Geefhavani M, Reddy J, Sathyanarayana 
S. Synthesis, Antimicrobial and wound 
healing activiies of diphenyl quinoxaline 
derivatives. International Journal of 
Pharmacy and Technology. 
2012;4(3):4700-4710. 

17. Rangisetty JB, Gupta CN, Prasad AL, 
Srinavas P, Sridhar N, Perimoo P, 
Veeranjaneyulu A. Synthesis of new 
arylaminoquinoxalines and their 
antimalaria activity in mice. Journal of 
Pharmacology and Pharmacy. 2001; 
53:1409-1413. 

18. Taiwo, F. O and Craig A. Obafemi (2016), 
Design, green synthesis and reactions of 
2,3-dioxo-1,2,3,4-tetrahydroquinoxaline-6-
Sulfono- hydrazide derivatives. 
International Journal of Physical Sciences 
(In press) 

19. Darvesh S, Reid GA, Martin E. 
Biochemical and histochemical 
comparison of cholinesterases in normal 
and Alzheimer brain tissues. Curr. 
Alzheimer Res. 2010; 7:386–400. 

20. Mesulam M, Guillozet A, Shaw P, Quinn B. 
Widely spread butyrylcholinesterase can 
hydrolyse acetylcholine in the normal and 
Alzheimer brain. Neurobiol. Dis. 
2002;9:88-93. 

21. Mesulam MM, Guillozet A, Shaw P, Levey 
A, Duysen EG, Lockridge O. 
Acetylcholinesterase knockouts establish 
central cholinergic pathways and can use 
butyrylcholinesterase to hydrolyze 
acetylcholine, Neuroscience. 2002; 
110:627–639. 

22. Mukherjee PK, Kumar V, Mal M, Houghton 
PJ. Acetylcholinesterase inhibitors from 
plants. Phytomedicine. 2007;14(4):289–
300. 



 
 
 
 

Taiwo et al.; JALSI, 24(8): 8-16, 2021; Article no.JALSI.71131 
 
 

 
16 

 

23. Cokugras AN. Butyrylcholinesterase: 
Structure and physiological importance. 
Turk. J. Biochem. 2003; 28:54-61.  

24. Coyle JT, Price DL, DeLong MR. 
Alzheimer’s disease: A disorder of cortical 
cholinergic innervation. Science. 1983; 
219:1184–1190. 

25. Davies P, Maloney AJ. Selective loss of 
central cholinergic neurons in Alzheimer’s 
disease, Lancet. 1976; 2:1403. 

26. Arif Nisha Syad, Karutha Pandian 
Shunmugiah, and Pandima Devi Kasi. 
Assessment of anticholinesterase activity 
of Gelidiella acerosa: Implications for its 
therapeutic potential against alzheimer’s 
disease. Evidence-Based Complementary 
and Alternative Medicine. 2012;8. Article 
ID 497242,  
DOI: 10.1155/2012/497242 

27. Dell A, William DH, Morris HR, Smith GA, 
Feeney J, Robert GC, K. Structure revision 
of the antibiotic echinomycin. Journal of 
American Chemical Society.  
1975; 97:2497- 2501. 

28. Cheon HG, Lee CM, Kimb BT, Hwangb 
KJ. Lead discovery of quinoxalinediones 
as an inhibitor of dipeptidyl peptidase-IV 

(DPP-IV) by high-throughput screening. 
Bioorganic and Medicinal Chemistry 
Letters. 2004; 14:2661-2665. 

29. Greig NH, Utsuki T, Ingram DK, Wang Y, 
Pepeu G, Scali C, et al. Selective 
butyrylcholinesterase inhibition elevates 
brainacetylcholine, augments learning and 
lowers Alzheimer α-amyloid peptide in 
rodent. PNAS. 2005;102:17213-17218. 

30. Guillozet A, Smiley JF, Mash DC, 
Mesulam MM. Butyrylcholinesterase in the 
life cycle of amyloid plaque. Ann. Neurol. 
1997;42:900-918. 

31. Martinez A, Castro A. Novel cholinesterase 
inhibitors as future effective drugs for the 
treatment of Alzheimer’s disease. Expert 
Opin. Investig. Drugs. 2006;15:1-12. 

32. Shah RS, Lee HG, Zhu X, Perry G, Smith 
MA, Castellani RJ. Current approaches in 
the treatment of Alzheimer’s                        
disease. Biomed. Pharmacother. 2008; 
62:99-207. 

33. Weinstock M, Groner E. Rational design of 
a drug for Alzheimer’s disease with 
cholinesterase inhibitory and 
neuroprotective activity. Chem-Biol 
Interact. 2008;175:216-221. 

_________________________________________________________________________________ 
© 2021 Taiwo et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/71131 


