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Abstract: A new pyrazolo-pyridine analogue (title compound) was synthesized in two steps. The
first stage was synthesis of monoketone curcumin analogue through Claisen–Schmidt reaction.
The second stage was synthesis of the title compound through intermolecular cyclization under
reflux condition. The structure of the title compound has been confirmed by spectroscopic analysis
including UV, FT-IR, HRMS, 1D NMR (1H-NMR, 13C-NMR, 1D-TOCSY), and 2D NMR (COSY, HSQC,
HMBC). Based on the DPPH assay, the compound has moderate antioxidant activity, with an IC50

value of 194.06 ± 7.88 µg/mL (0.337 mM).

Keywords: monoketone curcumin analogue; pyrazolo-pyridine analogue; Claisen-Schmidt conden-
sation; intermolecular cyclization; DPPH assay; antioxidant

1. Introduction

Antioxidants are molecules that prevent cell damage caused by oxidation of a molecule.
Antioxidants play an important role in the body’s defense mechanisms by scavenging
or regulating the formation and removal of reactive oxygen species (ROS) and reactive
nitrogen species (RNS). A good balance between ROS and RNS with antioxidants is neces-
sary for proper physiological function. Both ROS and RNS participate in the emergence
of oxidative stress [1,2]. Oxidative stress plays an important role in the development of
age-related diseases including arthritis, diabetes, dementia, cancer, atherosclerosis, vascular
disease, osteoporosis, and metabolic syndrome [3,4].

Intake of dietary antioxidants, whether naturally occurring or synthetically, can in-
crease protection against free radicals and thus can reduce the risk of oxidative stress
and improve quality of life by preventing several diseases, contributing to substantial
savings in health care costs. Thus, the design and synthesis of new compounds capable of
acting as potent antioxidants and of low toxicity is a growing area of research in the field
of medicinal chemical synthesis. Chemical synthesis is one of the pathways for finding
new antioxidants. Some heterocyclic compounds such as hydro pyrazole (pyrazoline)
analogues have been also reported to have various potencies of pharmacological activities
such antidiabetic [5,6], anti-dengue virus [7], anti-inflammatory [8], anticancer [9–11], and
also antioxidant activity [12,13]. In addition, some pyrazole-incorporated monocarbonyl
curcumin analogues have been also reported to exhibit potential antiproliferative and
antioxidant activities [14]. In this work, we report the synthesis of a new pyrazolo-pyridine
analogue through intermolecular cyclization of a monoketone curcumin analogue with
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phenyl hydrazine. Furthermore, its antioxidant activity is explored by the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) method.

2. Results and Discussions
2.1. Synthesis

The title compound (3) was synthesized in two steps, as depicted in Figure 1. First, the
synthesis of the intermediate, 1-benzyl-3,5-bis((E)-3,4-dimethoxybenzylidene)piperidin-4-one
(2), was carried out by reacting 1-benzylpiperidin-4-one (1) with 3,4-dimethoxybenzaldehyde
through Claisen–Schmidt condensation. The intermediate was a known compound and
the synthesis was carried out by modifying the previously reported procedure [15]. In this
study, the synthesis was performed with the aid of microwave irradiation in the presence
of potassium hydroxide solution. The phase of the Claisen–Schmidt condensation reaction
with an alkaline catalyst begun with the seizure of α hydrogen in compound 1 by an alkaline
catalyst to produce enolate ions. Furthermore, the enolate ion was nucleophilic which
attacked the carbon atom in the carbonyl group of 3,4-dimethoxybenzaldehyde, which acts
as an electrophile, so that a C-C bond is formed and a β-hydroxy curcumin compound
will then undergo a dehydration reaction or release of water molecules [16] to produce
the compound 2. Second, the synthesis of (E)-5-benzyl-7-(3,4-dimethoxybenzylidene)-3-
(3,4-dimethoxyphenyl)-2-phenyl-3,3a,4,5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridine (3) by
reacting the compound 2 with phenyl hydrazine in the presence of potassium hydroxide
under reflux condition for 3 h. The pyrazolo-pyridine ring in the compound 3 was formed
through the nucleophilic addition of phenyl hydrazine to the carbonyl group of compound
2, and then followed by intramolecular cyclization to form the compound 3 [17]. The
compound 3 is a novel compound and was not previously reported.

Figure 1. The synthesis route of the title compound; (i) 2 eq. of 3,4-dimethoxybenzaldehyde, 10% KOH, 180 W, 135 ◦C, 1 h,
(ii) 6 eq. of phenyl hydrazine, 10% KOH, refluxed at 80 ◦C for 3 h.

The first stage synthesis produced the crude product 2. The pure product was obtained
after it was recrystallized from hot methanol. The result of TLC analysis of 2 using a mixture
of n-hexane and DCM (7:3) as mobile phase showed the single spot under 254 UV lamp
with an Rf value of 0.25 (see Supplementary Materials, Figure S2). Then, the TLC analysis
using a mixtures of n-hexane:chloroform (7:3) and n-hexane:ethyl acetate (7:3) as mobile
phases also showed the single spot with Rf values of 0.30 and 0.52, respectively. The
melting point of 2 is reached at 137–139 ◦C. This sharp melting point is characteristic for
pure crystalline compounds. Then, the product 2 in yellow solid was used as starting
material for the second stage synthesis.

The result of TLC analysis of crude product 3 using n-hexane:DCM (7:3) as mobile
phase showed the single spot under 366 UV lamp with an Rf value of 0.45 (see Supplemen-
tary Materials, Figure S3). Then, the TLC analysis using a mixtures of n-hexane:chloroform
(7:3) and n-hexane:ethyl acetate (7:3) as mobile phases also showed the single spot with Rf
values of 0.55 and 0.70, respectively. The compound 3 was obtained as orange solid without
recrystallization and with a 75% yield. The high performance liquid chromatography
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(HPLC) chromatogram of the compound 3 showed a major peak with retention time of
22.53 min (see Supplementary Materials, Figure S4).

HRMS analysis of compound 3 was performed to determine the molecular mass.
Based on the HRMS spectra, the compound 3 has a molecular weight as predicted. The
molecular mass was calculated as [M + H]+ = 576.2862 (C36H38N3O4) and was found
at m/z = 576.2867 (see Supplementary Materials, Figure S33). The very small difference
between the calculated and found mass indicates that the compound 3 has high purity.

The spectroscopic analyses including ultraviolet-visible (UV-Vis), Fourier transform–
infra red (FT-IR), 1D and 2D nuclear magnetic resonance (NMR) were also performed
to confirm targeted structure. The UV spectra of compound 3 showed the absorbance
at maxima of 280 and 350 nm. Both absorptions showed the electronic transitions of the
conjugation systems in the title compound. The FT-IR spectra of compound 3 showed
the absorption bands around 3023–3004 cm−1 and 1513–1465 cm−1. These absorptions
were due to vibrations of aromatic C–H and C=C bonds in the aromatic rings of the title
compound. The strong absorption band at 1596 cm−1 and some absorption bands around
1235–1264 cm−1 show the presence of C=N and C–N bonds in the heterocyclic pyrazolo-
pyridine ring. The absorption bands around and 2908–2836 cm−1 and 1157–1025 cm−1

showed the presence of aliphatic C–H and C–O bonds in the methoxy groups of the title
compound.

The 1D and 2D NMR analysis of product 3 also showed that the structure of obtained
product was matched with the targeted molecule. Based on the 1H NMR spectra, there
were 17 protons in the aromatic proton area and 20 protons in the aliphatic proton area.
The total of integration (37 protons) corresponded to the number of protons in the title
compound. The multiplet signal around δ 7.27–7.22 ppm (5H) was assigned as aromatic
protons in benzyl ring (Ar′ ′ ′ ′) of the title compound. The triplet (2H), doublet (2H), and
triplet (1H) signals at δ 7.17, 7.10, and 6.85 ppm, respectively, were assigned as aromatic
protons in phenyl ring (Ar’). The doublet (1H, J = 2 Hz), doublet of doublet (1H, J = 8 Hz,
2 Hz), and doublet (1H, J = 8 Hz) signals at δ 6.95; 6.91; and 6.85 ppm were assigned
as aromatic protons of 2′ ′, 6′ ′, and 5′ ′ in 3,4-dimethoxyphenyl ring (Ar′ ′). The proton
2′ ′ has long range connectivity (meta coupling) with proton 6′ ′ with a J value of 2 Hz.
The singlet (2H) and singlet (1H) signals at δ 6.83 and 6.77 ppm were assigned as proton
5′ ′ ′/6′ ′ ′ and 2′ ′ ′, respectively. Then, the singlet signal (1H) at δ 7.29 ppm was assigned
as proton 7b. The signal assignment in the 1H NMR spectra was supported by 1D total
correlated spectroscopy (1D-TOCSY) and correlation of spectroscopy (COSY) analyses (see
Supplementary Materials, Figures S9–S13).

Based on the calculation of coupling constants (J) for proton signals in the aliphatic area,
it was observed that the protons 3a and 3 were located in axial orientation (J3a−3 = 12.5 Hz,
φ3−3a = ~180◦), as depicted in Figure 2; meanwhile, the Ar′ ′ was located in equatorial
position. The doublet of doublet signal of proton 4a with J = 10.5 Hz and 6 Hz showed
that the proton 4a has correlations with protons 4b (geminal coupling) and 3a (vicinal
coupling, φ4a−3a = ~50◦), respectively. In addition, the triplet signal of proton 4b with
J = 10.5 Hz showed that the proton 4b has correlation with proton 4a (germinal coupling)
and 3a (vicinal coupling, φ4b−3a = ~140◦). Then, the two doublet (1H) signals at δ 3.69 and
3.66 ppm with J = 13.5 Hz were assigned as geminal protons 5aa and 5ab. Then, the two
signals at δ 4.09 and 3.16 were also assigned as germinal protons 6a and 6b, respectively.

Compound 3 has two chiral centers and therefore they may exist in four stereoisomeric
forms (R,R; S,S; R,S; and S,R). However, based on the orientations of protons 3a and 3
(see Figure 2), it can be concluded that there are only two possibilities of stereoisomeric
forms (R,S or S,R), as depicted in Figure 3. However, we did not detect the present of
diastereomeric or enantiomeric mixture in product 3 (the display of 1H and 13C-NMR
spectra are quite clear). For this reason, the relative stereochemistry of compound 3 was
labelled as rel-S,R.
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Figure 2. The orientation of aliphatic protons in the pyrazolo-pyridine ring of the title compound based on the correlation
between 3J and φ values (see Karplus Curve). The signal of proton 3a appeared as a multiplet (highlighted in yellow)
because it was correlated with protons 3, 4b, and 4a. (The correlations were also confirmed by COSY and 1D-TOCSY
analysis; see Supplementary Materials, Figures S9–S13.) The correlation between protons 3a and 3 is highlighted in red, the
correlation between protons 3a and 4b is highlighted in blue, and the correlation between protons 3a and 4a is highlighted
in green.

Figure 3. The two possibilities of configuration of compound 3.

The signal assignment in 13C-NMR spectra of compound 3 was supported by 2D NMR
analysis, including heteronuclear single quantum correlation (HSQC) and heteronuclear
multiple bond correlation (HMBC). Based on the HSQC spectra of compound 3, there were
4 primary carbons (methoxy carbons), 3 secondary carbons (4, 5, 6), 19 tertiary carbons, and
10 quaternary carbons (36 carbons in total). Then, the HMBC analysis was also performed
to observe the correlations between protons and carbons in 2–4 bonds. Both 2D NMR
interpretations showed the match correlation with the expected structure, as depicted in
Figure 4. The interpretation of 1D and 2D NMR spectra of the title compound are presented
in Table 1.
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Figure 4. The 2D NMR analysis of the title compound: (a) the chemical shift of the carbons based on the interpretation of
13C-NMR and HSQC spectra; (b) the important correlations in HMBC spectra of the title compound.

Table 1. Interpretation of 1D and 2D NMR spectra of the title compound.

Atomic Numbering
1H-NMR

δH (ppm), J (Hz)
13C-NMR, HSQC COSY Important HMBC

1 - - - -
2 - - - -
3 4.53 (d, 1H), J = 12.5 Hz 72.03 3a 4, 2′ ′, 6′ ′, 1′ ′, 1′

3a 3.34 (m, 1H) 55.58 3, 4a, 4b 4, 3, 1”, 7a

4
4a = 3.24 (dd, 1H), J = 11 Hz, 6 Hz 55.38 4b, 3a 6, 4, 5a, 7a

4b = 2.50 (t, 1H), J = 10.5 Hz 4a, 3a
5 - - - -

5a
5aa = 3.69 (d, 1H), J = 13.5 Hz 62.18 5ab 6, 4, 2′ ′ ′ ′, 6′ ′ ′ ′, 1′ ′ ′ ′

5ab = 3.66 (d, 1H), J = 13.0 Hz 5ab

6
6a = 4.09 (d, 1H), J = 14 Hz 54.35 6b 4, 7b, 7a

6b = 3.16 (dd, 1H), J = 14 Hz, 3 Hz 6a
7 - 126.27 - -
7a - 151.83 - -
7b 7.29 (s, 1H) 126.22 - 6, 2′ ′ ′, 6′ ′ ′, 7, 1′ ′ ′, 7a

3”-OCH3 3.83 (s, 3H) 55.97 3′ ′

4”-OCH3 3.89 (s, 3H) 55.91 4′ ′

3”’-OCH3 3.81 (s, 3H) 55.79 3′ ′ ′

4”’-OCH3 3.88 (s, 3H) 55.87 4′ ′ ′

1’ - 147.15 - -
2’, 6’ 7.10 (d, 2H), J = 8 Hz 115.21 (2C) 3′, 5′

3’, 5’ 7.17 (t, 2H), J = 8.5 Hz 128.70 (2C) 2′, 6′, 4′

4′ 6.85 (t, 1H), J = 8 Hz 120.39 3′, 5′

1” - 134.20 - -
2” 6.95 (d, 1H), J = 2 Hz 108.75 - 3, 6′ ′, 1′ ′, 4′ ′, 3′ ′

3” - 149.71 - -
4” - 148.53 - -
5” 6.86 (d, 1H), J = 8 Hz 111.46 6” 3′ ′

6” 6.91 (dd, 1H), J = 8 Hz, 2 Hz 118.45 5” 4′ ′

1′” - 129.08 - -
2”’ 6.77 (s, 1H) 112.51 - 6′ ′ ′, 7b, 4′ ′ ′, 3′ ′ ′

3”’ - 148.55 - -
4”’ - 148.53 - -
5”’ 6.83 (s, 2H) 110.90 6′ ′ ′ 3′ ′ ′

6”’ 6.83 (s, 2H) 122.67 5′ ′ ′ 4′ ′ ′

1”” - 137.51 - -
2””, 6′”’ 7.27–7.22 (m, 5H) 128.93 (2C) 3′ ′ ′ ′, 5′ ′ ′ ′

3””, 5”” 7.27–7.22 (m, 5H) 128.38 (2C) 2′ ′ ′ ′, 6′ ′ ′ ′, 4′ ′ ′ ′

4”” 7.27–7.22 (m, 5H) 127.39 (2C) 3′ ′ ′ ′, 5′ ′ ′ ′
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2.2. Test for Antioxidant Activity

The antioxidant activity of the title compound was analyzed by DPPH method. This
in vitro test is probably the most popular choice because it is simple, fast, and low-cost.
The results of antioxidant activity evaluation, presented in Table 2, showed that at the
highest test concentration (1000 µg/mL), the title compound exhibited 82.06 ± 0.78%
of DPPH scavenging activity. Based on the inhibition concentration 50 (IC50) calcula-
tion, the title compound showed moderate antioxidant activity, with an IC50 value of
194.06 ± 7.88 µg/mL (0.337 mM).

Table 2. Absorbance measurement in DPPH assay of the title compound.

Concentration (µg/mL) Ln Concentration % Inhibition IC50 (µg/mL)

1000 6.908 82.06 ± 0.78

194.06 ± 7.88

500 6.215 78.73 ± 0.34
250 5.521 55.68 ± 0.94
125 4.828 34.80 ± 3.68
62.5 4.135 23.63 ± 1.48
31.25 3.442 12.84 ± 3.41

3. Materials and Methods
3.1. Materials

Some materials used in this work were purchased from Sigma-Aldrich, such as 1-
benzyl-4-piperidone, 3,4-dimethoxybenzaldehyde, and phenyl hydrazine. The other ma-
terials, including potassium hydroxide, methanol, ethanol absolute, dichloromethane,
n-hexane, and TLC plate (GF254), were purchased form Merck.

3.2. Instrumentations

The instruments used in synthesis, purification, and structure characterization of
the title compound were a reflux apparatus, UV lamp 254/366 nm (CamagTM), HPLC
(Shimadzu LC Solution) with Shimpack VP-ODS column 250 × 4.6 mm, UV-Vis spec-
trophotometer (Genesys 10S UV-Vis), HRMS (Waters Xevo QTOFMS Instruments, Milford,
MA, USA), FT-IR spectrophotometer (Shimadzu IR Prestige-21, Shimadzu Corporation,
Kyoto, Japan), and NMR spectrometer 500 MHz and 125 MHz (Agilent Technologies, Santa
Clara, CA, USA). The instrument used in antioxidant assay was a 96-well microplate reader
(Epoch Biotech, Winooski, VT, USA).

3.3. Methods
3.3.1. Synthesis of Compound 2

The synthesis of intermediate compound 2 was performed by modifying a previously
reported procedure [15]. First, 1-benzylpiperidin-4-one (5.0 mmol) was dissolved in 5 mL
ethanol. Then, 3,4-dimethoxy benzaldehyde (10.0 mmol) and KOH (10%, 4 mL) were added
to the solution. The mixture was irradiated in the microwave at 180 W and 135 ◦C for 1 h
and the reaction was monitored using TLC. After the reaction is complete, the mixture was
neutralized with hydrochloric acid 3 N, and then it was kept in an ice bath for 6 h. The
crystal obtained was filtered using a Buchner funnel and washed with cold aqua DM and
n-hexane. The crude product was recrystallized from hot methanol and then characterized
by TLC, and the melting point was measured.

The compound 2 was obtained as yellow solid in 61% yield (previously reported
procedure: 92% [15]) and the melting point was reached at 137–139 ◦C (previously reported
procedure: 168–170 ◦C [15]).

3.3.2. Synthesis of Compound 3

The compound 2 (2.0 mmol) was dissolved in 5 mL of absolute ethanol. 10% KOH
(3 mL) was added to the solution and the mixture was homogenized. Phenyl hydrazine
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(12 mmol) was added into the mixture and homogenized. The mixture was refluxed at
80 ◦C for 3 h and the reaction was monitored using TLC. After the reaction was completed,
the mixture was cooled in an ice bath for 6 h. The crystal obtained was filtered using
a Buchner funnel and washed with cold aqua DM, methanol, and n-hexane. Then, the
structure of 3 was confirmed by spectroscopic analysis.

The compound 3 was obtained as orange crystal in 74% yield, with melting point of
106–107 ◦C.

UV spectra (in ethanol): 280 and 350 nm.
FTIR spectra (KBr, cm−1): 3023 (C-H), 3004 (C-H), 2908 (C-H), 2836 (C-H), 1596 (C=N),

1513 (C=C), 1499 (C=C), 1465 (C=C), 1256 (C-N), 1256 (C-N), 1235 (C-N), 1157 (C-O), 1139
(C-O), 1025 (C-O).

1H-NMR (CDCl3, 500 MHz): 7.29 (s, 1H); 7.27–7.22 (m, 5H); 7.17 (t, 2H, J = 8.5 Hz);
7.10 (d, 2H, J = 8 Hz), 6.95 (d, 1H, J = 2 Hz); 6.91 (dd, 1H, J = 8 Hz, 2Hz); 6.86 (d, 1H,
J = 8 Hz); 6.85 (t, 1H, J = 8 Hz); 6.83 (s, 2H); 6.77 (s, 1H); 4.53 (d, 1H, J = 12.5 Hz); 4.09 (d,
1H, J = 14 Hz); 3.90 (s, 3H); 3.89 (s, 3H); 3.84 (s, 3H), 3.81 (s, 3H), 3.69 (d, 1H, J = 13.5 Hz);
3.66 (d, 1H, J = 13 Hz); 3.34 (m, 1H); 3.24 (dd, 1H, J = 11 Hz, 6 Hz); 3.16 (dd, 1H, J = 14 Hz,
3 Hz); 2.50 (t, 1H, J = 10.5 Hz).

13C-NMR (CDCl3, 125 MHz): 151.83; 149.71; 148.55; 148.53 (2C); 147.15; 137.51; 134.20;
129.08; 128.93 (2C); 128.70 (2C); 128.38 (2C); 127.39; 126.27; 126.22; 122.67; 120.39; 118. 45;
115.21 (2C); 112.51; 111.46; 110.90; 108.75; 72.03; 62.18; 55.97; 55.91; 55.87; 55.79; 55.58; 55.38;
54.35.

HRMS: molecular ion peak [M + H]+ was found at m/z 576.2867, calculated mass = 576.2862
(C36H38N3O4).

3.3.3. Test for Antioxidant Activity

The antioxidant activity evaluation for the title compound was performed by following
the previously reported literatures [18–20] with slight modification. First, 10 mg of the
title compound were dissolved in 10 mL methanol (1000 µg/mL). As much as 100 µL of
this solution were transferred to line A in a 96-well microplate reader, while the lines B to
G were added by 50 µL of methanol. Then, as much as 50 µL of solution in line A were
transferred to line B, 50 µL of solution in line B were transferred to line C, and this procedure
was repeated until line F. Furthermore, as much as 50 µL of solution from line F were
discarded to obtain a serial concentration of 1000, 500, 250, 125, 62.5, and 31.25 in lines A–F,
respectively. Then, as much as 80 µL of DPPH solution (40 µg/mL) were transferred to lines
A–G, while line H was just filled with 130 µL of methanol as a blank and the test solutions
were incubated for 30 min at room temperature in the dark room. The absorbance was
measured at a wavelength of 517 nm with a 96-well microplate reader and the percentage
of DPPH inhibition was calculated using formulae from previous reports [18–20]. The
IC50 value was calculated based on the linear regression equation (y = ax + b) from the
curve by plotting the Ln concentration and the percentage of inhibition (see Supplementary
Materials, Table S2 and Figure S34). Then, the IC50 value was categorized based on the
previous reports [18–20].

4. Conclusions

Based on the research, we concluded that the new pyrazolo-pyridine analogue (ti-
tle compound) can be synthesized in two steps with a 74% yield. All spectroscopic
data agreed with the expected structure, and based on the antioxidant activity evalu-
ation, the title compound exhibited moderate antioxidant activity, with an IC50 value of
194.06 ± 7.88 µg/mL (0.337 mM).

Supplementary Materials: The following are available online at Figures S1–S34. Tables S1 and S2.
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