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Abstract:The preparation of pyrazolo pyrimidinone derivatives were performed by using five component reactions of 
phthalaldehyde, cyanomethylamine, electron deficient acetylenic compounds, isocyanate, hydrazine and catalytic amounts of 
ZnO@Fe3O4-magnetic nanoparticles as a high performance catalyst under ultrasonic conditions at ambient temperature in 
aquause media at room temperature. It should be mentioned this catalyst was prepared using Spinacia oleracea water extract. In 
addition, for investigation of antioxidant ability radical trapping by DPPH and reducing power of ferric ion experiments was 
performed. As a result, synthesized compounds show excellent radical trapping by DPPH and good reducing ability of ferric 
ion. The current procedure has the benefits for instance excellent yield of reaction, green media and easy separation of product 
and catalyst.
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Introduction

Recently a diversity of procedures and mechanisms 
has been developed based on green chemistry or 
sonochemistry [1]. Sonochemistry as an original and 
valuable method has attracted increasing interest in 
accelerating organic reactions [2-5]. This procedure can 
be very efficient and is applicable to a broad variety of 
practical synthesis.  Luche and coworkers have carried 
out a number of investigations, which provided the basis 
for using sonochemistry in organic synthesis [6-9]. The 
significant features of the ultrasound approach in 
organic reactions are improvement of reaction rates, 
formation of pure products with high yields and easier 
process. This method is also considered as a help in 
terms of energy protection and waste decreasing when 
compared with traditional methods [10, 11]. 

*Corresponding author email: pmgh@yahoo.com

 Recently, multicomponent reactions (MCRs) are 
more interesting type of reaction due to mixing three or 
more reactants in one-pot and generating one product 
[12-18] and economically useful and environmentally 
secure than to multi-step methods. MCRs are very 
important in the synthesis of new drugs and 
agrochemicals [19-26]. In the multistep reaction 
generally due to multiple stages of separation of 
product, generate large amounts of waste that often 
involve the employ of pricey, poisonous or unsafe 
solvents in all stage.The one-pot generation of 
compounds with small heterocycle  display of different 
and intricate compounds with little heterocycles show a 
powerful method in synthetic chemistry [27].The 
creation of reactions with extremely economical 
condition, low synthetic process and short time is a 
chief topic in advanced synthetic chemistry. In addition 
carrying out synthesis of organic compounds in water 
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media is very interesting because of water is cheap 
solvent, more available with high amounts. For the 
reactions that starting compounds aren’t solved in 
water, the rate of reaction improves. Separation of 
products in these reactions is very easy because of 
products aren’t solved in water and separated by 
employing filtration [28-30]. Pyrimidinones due to 
having broad range of biological activities [34] such as 
antibacterial, antiviral, antihypertensive, and antitumor 
effects and their effect as calcium channel blockers [32] 
are very interesting compounds which have a chief 
place in natural and synthetic organic chemistry. 
Moreover, some bioactive alkaloids containing the 
pyrimidine unit which are isolated from sea sources, 
exhibit anti-HIV ability [33]. Sketching and employing 
suitable catalyst increases the way to green chemistry. 
In the field of catalyst one of the optimizations factor is 
expansion of using nanocatalyst. In the presence of 

nanocatalyst, some organic reactions have excellent yields 
and selectivity of product than to usual sized [34, 35]. In this 
research investigation of antioxidant ability for some of the 
synthesized compounds is performed. Frequently compounds 
with antioxidant ability, eliminate the negative property of 
free radicals and utilize as transitional metals chelators. This 
result is due to their reducing properties and chemical 
structure. Also, these compounds could be avoid or decrease 
many sicknesses such as cardiovascular, inflammatory bowel 
syndrome, cancer, ageing, and Alzheimer [36-38]. In 
continuation of our challenges to develop new synthetic 
process for significant organic compounds with biological 
ability [39-47], we do the generation of new pyrazozlo 
pyrimidinones 6 employing the reaction of phthalaldehyde1, 
cyano methyl amine 2, electron deficient acetylenic 
compounds 3, isocyanates 4, hydrazine 5 and ZnO@Fe3O4-
MNPs as catalyst using ultrasonic conditions at ambient 
temperature in water as green media in excellent yields 
(Scheme 1).
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Scheme 1: Synthesis of compounds 6

Result and discussion

Chemistry

In this research pyrazozlo pyrimidinones 6 was 
synthesized in excellent yields by employing the 
reaction of phthalaldehyde1, cyano methyl amine 2, 
electron deficient acetylenic compounds 3, isocyanates 
4, hydrazine 5 and ZnO@Fe3O4-MNPs as catalyst using 
ultrasonic conditions at ambient temperature in water as 
green media (Scheme 1). In the starting stage of this 
work, for obtaining the best situations for preparation of 
6e, the reaction of phthalaldehyde1, cyano methylamine 
2, dimethyl acetylenedicarboxylate3a, 4-methoxy 
phenylisocyante4e and hydrazine 5 under ultrasonic 
conditions was utilized as a model reaction to reach the 
best conditions (Table 1). By altering the catalyst, 

amount of catalyst and temperature of reaction could 
obtain the best conditions for preparation of compound 
6e. The reaction mixture is very busy in absence of 
catalyst. This reaction was not performed without any 
catalyst even after 10 h and very busy mixture in 
absence of catalyst (Table 1, entry 1). For this reason, 
10 mol% catalyst such as ZnO-NPs was added to the 
mixture of reaction. The yield of compound 6e was 75% 
after 5 h (Table 1, entry 16). For investigation the 
catalytic effect on this reaction, several catalyst such as 
ZnO-nanorods, CuO-NPs, Al2O3, Et3N, Fe3O4-MNPs, 
Fe3O4/ZnO and TiO2-NPs were tested in this reaction. 
Therefore, these outcomes exhibited the Fe3O4/ZnO-
MNPs is the best catalyst for this reaction. Then, the 
reaction was done in the presence of 10 mo% of 
Fe3O4/ZnO-MNPs as catalyst. By increasing the amount 
of catalyst from 10-30%, didn’t seen any considerable 
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change in the yields of reaction. Also, by increasing the 
reaction temperature to 80 oC the yield of reaction 
wasn’t increased (entry 2, Table 1). Thus, to find out the 
best amount of catalyst, (10–30 mol%) of Fe3O4/ZnO-

MNC were used in sample reaction (synthesis of 6e). 
The outcomes exhibited 10 mol% of catalyst is 
sufficient for prepare a good yield of 6e.

Table 1: Selecting the best conditions for generation of 6e

By changing the amounts of catalyst from 10 to 25%, 
wasn’t seen significant change in the yield of compound 
6e. Therefore, the best amount of Fe3O4/ZnO MNPs as 
catalyst is 10 mol%. 

For confirmation the reusability of the catalyst, we 
separated the catalyst by external magnet and use again 
in the sample reaction (the preparation of 6e). The 
results displayed that the catalyst can be recycled five 
times with any losing of ability. For the recycling of 
catalyst, after completion of reaction, the catalyst 
separated from mixture of reaction by external magnet 
and cleaned by water and then dried at room 
temperature for 24 h and utilized for the next catalytic 
cycle. The Fe3O4/ZnO-MNPs was prepared by using 
Spinacia oleracea water extract as green media. The 
Spinacia oleracea water extract acts as the moderate 
base source material in the formation of Fe3O4/ZnO-
MNPs. The scanning electron microscopy images 
(SEM) Figure 1 and X-ray diffraction patterns (XRD) 
Figure 2 utilized for determination and confirmation of 
the structure and particle size of SO- Fe3O4/ZnO-MNCs.

Figure 1.SEM of Fe3O4/ZnO-MNPs

The equation of Debye–Scherrer's (D=Kλ/βcosθ) was 
used for calculating the SO-Fe3O4/ZnO-MNPs particles 
size which has been found to be 35 nm.

Figure 2. XRD image of  Fe3O4/ZnO-MNPs

Entry Catalysta Solventb Temp.c Timed Yield (%)e

1 - - r.t. 15 ----
2 - - 80 20 ----
3 - H2O r.t. 15 5
4 - CH3CN r.t. 15 5
5 - Toluene r.t. 15 10
6 Et3N CH3CN r.t. 8 45
7 Et3N CH3CN 80 8 47
8 Et3N H2O r.t. 5 68
10 TiO2-NPs CH3CN r.t. 10 25
11 TiO2-NPs H2O r.t. 6 35
12 CuO-NPs CH3CN r.t. 8 48
13 CuO-NPs H2O r.t. 5 50
14 Fe3O4/ZnO CH3CN r.t. 3 92
15 Fe3O4/ZnO H2O r.t. 3 95
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The EDX technique was used for confirmation of the 
synthesized Fe3O4/ZnO-MNPs elemental analysis 
(Figure 3). As shown in Figure 3, Zn, Fe and O peaks of 
SO-Fe3O4/ZnO-MNPs indicate a successful synthesis. 
Also, the presence of carbon peak in the EDX spectrum 
indicates the presence of organic compounds at the 
nanoscale.

Figure 3. EDX image of green SO-Fe3O4/ZnO-MNPs

Transmission electron microscopy (TEM), was used 
to achieving a apparent size, form and structural image 
of the nanoparticles (Figure 4). Transmission electron 
microscope image reveals the size of the synthesized 
Fe3O4/ZnO-MNPs to be less than 40 nm. 

Figure 4. TEM image of Fe3O4/ZnO-MNPs

After determination, the optimum condition for 
generation of compound 6a-6h (Scheme 1), the 
structure of these compounds was confirmed by using 
1H NMR, 13C NMR, IR and mass spectra that were 
consistent with the suggested structure. The 1HNMR 
spectrum of 6b display one singlet at 3.82 ppm for 
methoxy protons, two singlet at 6.52 and 6.87 ppm for 
methin and methylene proton respectively, one singlet 
at 11.62 ppm for hydroxy proton along with resonance 
for aromatic moiety. The resonance of CN and carbonyl 
groups in 13C NMR spectrum of 6b display at 108.3 and 

163.5 ppm respectively. The mechanism of performing 
these reactions recommended in Scheme 2. Initially, 
phthalaldehyde1and cyanomethyl amine 2 reacted in the 
presence of green Fe3O4/ZnO-MNPs and generated 
isoquinoline derivatives 7. Then, activated 
acetyleniccompounds3 reacts with isoquinoline7 and 
produce intermediate 8. Intermediate 8 with negative 
charge attack to isocyanate 4 in the presence of 
Fe3O4/ZnO-MNPs and produce intermediate 9. 
Interrmolecular cyclization of intermediate 9leads to the 
product 10. Hydrazine 5 reacts with carbonyl group of 
10 in the presence of catalyst andinterrmolecular 
cyclization of intermediate 10 by elimination of ROH 
leads to the product 6 (Scheme 2).

The synthesis of pyrazozlo pyrimidinones 6 is 
investigated in two procedures. In first procedure, 
pyrimidinone derivatives 10 was separated from 
mixture of reaction and then reacted with hydrazine 5 in 
the presence of Fe3O4/ZnO-MNPs under similar 
conditions. In second procedure, all of starting materials 
react in one pot and compounds 6 were synthesize 
without separation of intermediate 10 under similar 
conditions. The results show the yield of reaction in two 
procedures different completely. As shown in results, 
yields of reactions in the second procedure are higher 
than those in the first procedure that is one of the 
advantages of multi-component reactions. In multi step 
reactions, the yield of final product due to separation of 
some intermediate is low.

Diphenyl-2-picrylhydrazyl (DPPH) utilizing for 
evaluation of antioxidant ability 

DPPH radical trapping experiment is generally 
employed for the approval of antioxidant ability or 
power of compounds to get free radicals of some 
synthezied compounds and antioxidant property of them 
in foods and biological structures [35, 51]. In these 
experiment, taking one electron or the hydrogen atom of 
synthezied compounds was performed by DPPH radical 
and show an valuation of antioxidant capacity basis of 
free radical trapping. The electron or hydrogen donating 
power of compounds 6a-6dto the DPPH radical 
determined the antioxidant ability of them. The 
absorption of DPPH radical was decreased from 517 nm 
when give one electron or hydrogen from antioxidant or 
a radical typs. 

In this research, the antioxidant ability or power of 
compounds 6a-6dfor taking free radicals was compared 
to synthesized antioxidant such as BHT and TBHQ at 
different concentrations. Overall, the power of DPPH 



Iranian Journal of Organic Chemistry Vol. 16, No. 4(2024) 3919-3928                                      M. Ghasemian Dazmiri et. al.

3923

trapping was obtained TBHQ>BHT>6d>6b>6c>6a 
(Figure 5).

As shown in Figure 5, the new synthesized 
compounds in all concentrations have moderate  
distinctions than to BHT and TBHQ. Among selected 

synthezied compounds, 6d was shown  excellent radical 
trapping activity relative to standards.
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As shown in Figure 5, the new synthesized 
compounds in all concentrations have moderate  
distinctions than to BHT and TBHQ. Among selected 

synthezied compounds, 6d was shown  excellent radical 
trapping activity relative to standards 

Figure 5. Radical trapping activity (RSA) of compounds 6a-6d
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The potential of synthesiaedcopmpounds by Ferric 
ions (Fe3+) reducing

The ability of reducing ferric ions (Fe3+) by some 
synthesized compounds such as 6a-6d are calculated by 
the quantity of Fe3+/ferricyanide reduced to the Fe2+/ 
ferrous at 700 nm [48]. As shown in Figure 6, in this 

test, compound 6d was shown good reducing ability 
than to standard antioxidants such as BHT and TBHQ. 
The reducing activity trend of the samples was as 
follows: TBHQ>BHT>6d>6a>6b>6c. The outcomes 
are displayed in Figure 6.

Figure 6. Ferric ions (Fe3+) reducing antioxidant power (FRAP) of compounds 6a-6d.

In summary, functionalized pyrimidinones are 
prepared in good to excellent yield using five 
component reactions of phthalaldehyde, methylamine, 
electron deficient acetylenic compounds, 
trichloroacetonitrile, amides and catalytic amounts of 
ZnO@Fe3O4-MNPs under ultrasonic conditions at 
ambient temperature in water as green media. In 
addition, compound 6d was displayed a excellent 
radical trapping ability and good reducing activity 
relative to standards (BHT and TBHQ). The advantages 
of our procedure than to other reported articles are green 
reaction conditions; employ a low amount of 
nanocatalyst, high yield, short time of reaction and easy 
separation of catalyst and product from the mixture of 
reactions and synthesis of nanocatalyst using water 
extract of Spinacia oleraceaas green media which are in 
good agreement with some principles of green 
chemistry. Also, we know the isoquinoline convert to 
N-oxide in the presence of air and yield of reaction was 
low. For this reason, in this procedure isoquinoline is 
produced in situe and used in the reactions.

Experimental

All of starting materials, solvents and other chemicals 
are bought from Fluka (Buchs, Switzerland) and utilize 
with any purification. Electrothermal 9100 device are 
used for measuring the melting points and Shimadzu 

IR-460 spectrometer are employed for giving IR 
spectra. BRUKER DRX-500 AVANCE spectrometer at 
500 and 125 MHz was employed for giving the 1H, and 

13C-NMR spectra. A FINNIGAN-MAT 8430 
spectrometer with an ionization potential of 70 eV was 
utilized for recording mass spectra. The Holland Philips 
XL30 microscope was used for giving scanning electron 
microscopy (SEM) imagedeterminationofZnO/Fe3O4-
MNCsmorphology. A Holland Philips Xpert X-
raypowderdiffractometer, withCuK�radiation 
(λ=0.15406 nm) and 2θ ranging from 20 to 80°, 
wasemployedforX-raydiffraction (XRD) analysis at 
roomtemperature and characterization of crystalline 
structure of ZnO/Fe3O4-MNCs. Scherrer’s formula; D= 
0.9λ/β cosθ was employed for calculating the average 
crystallite size where D is the diameter of the 
nanoparticles, λ (CuKα) =1.5406 Å and βisthe full-width 
at half-maximumofthediffractionlines.

Green synthesis of Fe3O4/ZnO-MNC

Fe3O4 magnetic nanoparticles (MNPs) were 
synthesized according to previously reported methods 
[46]. 4 mmol Fe2(SO4)3.4H2O and 2 mmol FeSO4.7H2O 
were dissolved in 20 mL of Spinacia oleracea water 
extract in an ultrasonic bath at 80 oC. 5 mL of 
(ammonia: Spinacia oleracea water extract (0.1:3) was 
added to the warm solutions and mixed for 2 h. The 
mixture of reaction cooled to ambient temperature and 

c
b d

d d

c b c
c c

c
c e

e
e

d
c

e
e

e
b

a b
b b

a a
a

a
a

6a

6b

6c

6d

BHT

TBHQ

Fe
 3

+ 
Re

du
ct

io
n 

(A
bs

or
bt

io
n

Concentration (ppm)



Iranian Journal of Organic Chemistry Vol. 16, No. 4(2024) 3919-3928                                      M. Ghasemian Dazmiri et. al.

3925

the resulting precipitate separated by filtration. All 
procedures carried out under nitrogen gas. For synthesis 
of Fe3O4/ZnO-MNCs, 0.1 g synthesized Fe3O4-
MNPswas dispersed in 50 mL of Spinacia oleracea 
water extract and sonicated for 30 min. Then 0.03 M 
Zn(NO3)2 solutions (10 mL) was added to previous 
solution to obtain mixed Fe3O4-MNPs, Zn(OH)2 
colloids at room temperature. By using centrifuge, the 
colloid was separated, dried and  calcinated at 400 ◦C 
for 5 h. The product was separated using external 
magnetic field and cleaned by washing with water and 
ethanol several times after cooling at r.t to afford the 
Fe3O4/ZnO-MNCs.

Typical procedure for generation of pyrimidinone 
derivatives 6

To a stirred mixture of phthalaldehyde1 (2 mmol) and 
cyano methylamine 2 (2 mmol) was added 
dialkylacetylene dicarboxylates 3 (2 mmol)in the 
presence ofZnO/Fe3O4 MNC (10 mol%) after 45 min in 
water (5 mL) at room temperature under ultrasonic 
conditions. Isocyanate 4 (2 mmol) was added to mixture 
gently after 20 min and hydrazine 5 was added finally 
after 25 min in the presence of ZnO/Fe3O4 MNC (10 
mol%) (10 mol%). After 3 h, the reaction is completed 
and progress of the reaction is confirmed by TLC. 
Finally, the catalyst was separated by external magnet 
and the solid residue was collected by filtration and the 
residue was purified by column chromatography (5:1 
hexane/EtOAc) to afforded pure title compounds. 

Methyl 9-hydroxy-12-phenyl-12, 12a-
dihydropyrazolopyrimido[2,1-a]isoquinoline-8-
carboxylate(6a).

Pale yellow powder, mp 127-129°C, yield 90%, IR 
(KBr) (νmax/cm-1): 2195, 1735, 1696, 1585, 1478 and 
1184 cm-1. 1H-NMR: δ 3.85 (3 H, s, MeO), 6.48 (1 H, s, 
CH), 6.85 (1 H, s, CH), 7.54 (2 H, t, 3J = 7.2, 2 CH), 
7.63 (1 H, t, 3J = 7.2, CH), 7.72 (1 H, t, 3J = 7.2 Hz, 
CH), 7.78 (1 H, t, 3J = 7.2 Hz, CH), 7.94 (1 H, d, 3J = 
7.5 Hz, CH), 8.06 (2 H, d, 3J = 7.3, 2 CH), 8.73 (1 H, d, 
3J = 7.5 Hz, CH), 11.32 (1 H, s, OH) ppm. 13C-NMR: δ 
52.6 (MeO), 73.2 (CH), 108.2 (CH), 109.2 (CN), 112.6 
(C), 114.3 (C), 122.3 (CH), 128.2 (CH), 129.2 (CH), 
129.7 (CH), 130.4 (CH), 131.2 (2 CH), 133.8 (2 CH), 
134.2 (C), 138.4 (C), 144.2 (C), 145.3 (C), 146.7 (C), 
156.3 (C), 162.6 (C=O) ppm. Anal. Calcd for 
C22H15N5O3 (397.39): C, 66.49; H, 3.80; N, 17.62 
found: C, 66.63; H, 3.96; N, 17.83.

Methyl 9-hydroxy-12-(4-nitrophenyl)-12, 12a-
dihydropyrazolopyrimido[2,1-a]isoquinoline-8-
carboxylate(6b). 

Yellow crystals, mp 154-156°C, yield 87%. IR (KBr) 
(νmax/cm-1): 2198, 1732, 1658, 1587, 1489, 1365, 1258 
and 1157 cm-1. 1H-NMR: δ3.82 (3 H, s, MeO), 6.52 (1 
H, s, CH), 6.87 (1 H, s, CH), 7.58 (2 H, d, 3J = 7.6, 2 
CH), 7.67 (1 H, t, 3J = 7.6 Hz, CH), 7.72 (1 H, t, 3J = 
7.6 Hz, CH), 7.86 (1 H, d, 3J =7.8 Hz, CH), 8.02 (1 H, 
d, 3J = 7.8 Hz, CH), 8.26 (2 H, d, 3J = 7.8, 2 CH), 11.62 
(1 H, s, OH) ppm. 13C-NMR: δ 53.3 (MeO), 74.6 (CH), 
107.2 (CH), 108.3 (CN), 108.8 (C), 109.4 (C), 125.2 (2 
CH), 127.2 (2 CH), 128.3 (CH), 128.7 (CH), 129.4 
(CH), 131.2 (CH), 134.2 (C), 138.2 (C), 139.4 (C), 
145.2 (C), 146.7 (C), 149.2 (C), 156.7 (C), 163.5 
(C=O). Anal. Calcd for C22H14N6O5 (442.38): C, 59.73; 
H, 3.19; N, 19.00 found: C, 59.92; H, 3.34; N, 19.23.

Methyl 9-hydroxy-12-(4-bromoophenyl)-12, 12a-
dihydropyrazolopyrimido[2,1-a]isoquinoline-8-
carboxylate (6c).

 Orange crystals, mp 166-168°C, yield 90%. IR (KBr) 
(νmax/cm-1): 2189, 1727, 1657, 1478. 1356, 1286 and 
1295 cm-1. 1H-NMR: δ 3.85 (3 H, s, MeO), 6.38 (1 H, s, 
CH), 6.92 (1 H, s, CH), 7.14 (2 H, d, 3J = 7.8, 2 CH), 
7.55 (2 H, d, 3J = 7.8, 2 CH), 7.63 (1 H, t, 3J = 7.6 Hz, 
CH), 7.68 (1 H, t, 3J = 7.6 Hz, CH), 7.82 (1 H, d, 3J = 
7.6 Hz, CH), 8.35 (1 H, d, 3J = 7.6 Hz, CH), 10.85 (1 H, 
s, OH) ppm. 13C-NMR: δ 52.4 (MeO), 73.8 (CH), 108.3 
(CH), 109.4 (CN), 113.2 (CH), 114.5 (CH), 117.2 (CH), 
128.2 (CH), 128.6 (CH), 129.4 (CH), 133.4 (2 CH), 
134.2 (C), 134.8 (2 CH), 139.2 (C), 145.5 (C), 146.3 
(C), 148.2 (C), 157.2 (C), 162.6 (C=O). Anal. Calcd for 
C22H14BrN5O3 (476.28): C, 55.48; H, 2.96; N, 16.78 
found: C, 55.63; H, 3.18; N, 16.94.

Methyl 9-hydroxy-12-(3-bromophenyl)-12, 12a-
dihydropyrazolopyrimido[2,1-a]isoquinoline-8-
carboxylate (6d).

White powder, yield: (90%); m.p. 169-171°C. 
IR(KBr)(νmax/cm-1): 2185, 1723, 1699, 1523, 1489, 1358 
and 1124 cm-1. 1H-NMR: δ 3.87 (3 H, s, MeO), 6.42 (1 
H, s, CH), 6.87 (1 H, s, CH), 7.23 (1 H, d, 3J = 7.8, CH), 
7.32 (1 H, s, CH), 7.43 (1 H, t, 3J = 7.8 Hz, CH), 7.58 (1 
H, d, 3J = 7.8 Hz, CH), 7.63 (1 H, t, 3J = 7.5 Hz, CH), 
7.75 (1 H, t, 3J = 7.5 Hz, CH), 7.82 (1 H, d, 3J = 7.5 Hz, 
CH), 7.87 (1 H, d, 3J = 7.5 Hz, CH), 11.35 (1 H, s, OH) 
ppm. 13C-NMR: δ 52.6 (MeO), 74.5 (CH), 108.4 (CH), 
109.2 (CN), 113.2 (C), 114.5 (C), 122.3 (C), 123.2 
(CH), 127.4 (CH), 128.5 (CH), 129.2 (CH), 129.8 (CH), 
130.4 (CH), 131.2 (CH), 132.6 (CH), 134.2 (C), 139.4 
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(C), 145.2 (C), 146.3 (C), 146.7 (C), 158.2 (C), 161.8 
(C=O). Anal. Calcd for C22H14BrN5O3 (476.28): C, 
55.48; H, 2.96; N, 16.78 found: C, 55.62; H, 3.15; N, 
16.92.

Methyl 9-hydroxy-12-(4-methoxyphenyl)-12, 12a-
dihydropyrazolopyrimido[2,1-a]isoquinoline-8-
carboxylate (6e).

 Yellow powder, mp 136-138°C, yield 95%, IR (KBr) 
(νmax/cm-1): 2198, 1724, 1664, 1574, 1387 and 1247 cm-

1. 1H-NMR: δ 3.75 (3 H, s,MeO), 3.87 (3 H, s,MeO), 
6.56 (1 H, s, CH), 6.92 (1 H, s, CH), 7.08 (2 H, d, 3J = 
7.6 Hz, 2 CH), 7.24 (2 H, d, 3JHH = 7.6 Hz, 2 CH), 7.63 
(1 H, t, 3J = 7.8 Hz, CH), 7.72 (1 H, t, 3JHH = 7.8 
Hz,CH), 7.78 (1 H, d, 3JHH = 7.8 Hz, CH), 7.86 (1 H, d, 
3JHH = 7.8 Hz, CH),  12.04 (1 H, s, OH) ppm. 13C-NMR: 
δ  53.2 (MeO), 55.7 (MeO), 76.8 (CH), 107.4 (CH), 
108.3 (C), 113.4 (C), 114.3 (C), 115.4 (2 CH), 127.2 
(CH), 128.4 (CH), 129.2 (CH), 129.8 (CH), 134.5 (2 
CH), 134.8 (C), 139.2 (C), 140.2 (C), 145.3 (C), 146.7 
(C), 155.2 (C), 158.6 (C), 163.5 (C=O) ppm. Anal. 
Calcd for C23H17N5O4 (427.41): C, 64.63; H, 4.01; N, 
16.39 found: C, 64.82; H, 4.18; N, 16.54.

Ethyl 9-hydroxy-12-(4-methoxyphenyl)-12, 12a-
dihydropyrazolopyrimido[2,1-a]isoquinoline-8-
carboxylate (6f).

 Yellow powder, mp 143-145°C, yield 95%, IR (KBr) 
(νmax/cm-1): 2196, 1725, 1695, 1578, 1385 and 1293 cm-

1. 1H-NMR: δ 1.37 (3 H, t, 3J = 7.4 Hz, Me), 3.86 (3H, s, 
MeO), 4.27 (2 H, q, 3J = 7.4 Hz, OCH2), 6.63 (1 H, s, 
CH), 6.94 (1 H, s, CH), 7.12 (2 H, d, 3J = 7.6 Hz, 2 
CH), 7.28 (2 H, d, 3JHH = 7.6 Hz, 2 CH), 7.65 (1 H, t, 3J 
= 7.8 Hz, CH), 7.74 (1 H, t, 3JHH = 7.8 Hz,CH), 7.83 (1 
H, d, 3JHH = 7.8 Hz, CH), 7.92 (1 H, d, 3JHH = 7.8 Hz, 
CH), 11.86 (1 H, s, OH) ppm. 13C-NMR: δ 14.2 (Me), 
55.8 (MeO), 62.4 (OCH2), 75.6 (CH), 107.8 (CH), 
109.2 (C), 112.6 (C), 113.8 (C), 116.4 (2 CH), 127.6 
(CH), 128.5 (CH), 129.7 (CH), 130.4 (CH), 133.6 (2 
CH), 134.2 (C), 139.5 (C), 141.4 (C), 145.6 (C), 147.2 
(C), 156.8 (C), 159.3 (C), 163.8 (C=O) ppm. Anal. 
Calcd for C24H19N5O4 (441.44): C, 65.30; H, 4.44; N, 
15.86 found: C, 65.43; H, 4.62; N, 16.03.

Determination of antioxidant activity using radical 
trapping test by (DPPH) 

The radical trapping experiment by DPPH was 
employed for valuation of antioxidant ability for some 
generated compounds such as 6a-6d as indicated by 
Shimada et al [48] procedure. For achieving to this 
purpose, different concentrations (200–1000 ppm) of 

compounds 6a-6d were added to DPPH methanolic 
solution (1 mmol/L) with an equal volume. The 
mixtures were mixed for 30 min at ambient temperature 
and after this time puted in a dark room. Then, the 
mixture absorbance was calculated and recorded at 517 
nm. The compounds 6a-6d was exchanged with 
methanol (3 mL) in the standard type. The standard 
antioxidant such as Butylated hydroxytoluene (BHT) 
and 2-tertbutylhydroquinone (TBHQ) were employed as 
standard control sample. The percentage inhibition of 
the DPPH radical was measured using Yen and Duh 
[49] formula. 

Evaluation of reducing ability for synthesized 
compounds 

The ability of reducing iron (III) was evaluated for the 
compounds 6a-6d using Yildirim et al. method [50]. For 
this purpose, the samples (1 mL), phosphate buffer (2.5 
mL, 0.2 mol/L, pH 6.6) and potassium ferricyanide 
(K3Fe(CN)6; 2.5 mL, 10g/L) were combined together 
and sustained for 30 min at 50 oC. Then, trichloroacetic 
acid (2.5 mL, 10% w/v) was added to the previous 
solution and centrifuged for 10 min. In the end, the 
supernatant (2.5 mL) was mixed with distilled water 
(2.5 mL) and FeCl3 (0.5 mL, 1 g/L) and the samples 
absorbance was computed at 700 nm. The higher 
reducing power was attributed to higher absorbance. For 
accuracy of calculating, each calculation was performed 
in three times. The SPSS software version 18.0 was 
used for data analyzation of compounds by running one 
way analysis of variance (ANOVA) that confirmed 
variation in the mean value of samples and control. All 
removing were done by Duncan multiple range tests 
employing the importance level of 95% (P < 0.05).
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