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Abstract. The 1,8-dioxo-octahydroxantene has many derivates. One of those is 9-(4-hydroxyphenyl)-3,4,6,7-tetrahydro-
2H-xanthene-1,8(5H,9H)-dione. This compound has been successfully synthesized from 4-hydroxybenzaldehyde and 1,3-
cyclohexanedione. This reaction has been catalyzed by lime and lemon juice under the free solvent condition. It is assumed
that citric acid in both materials has a role in catalyzing this reaction. The advantages of using them as catalysts are
biodegradable, environmentally safe, and cheap. Besides that, the synthesis of this compound only required one reaction
stage, and the product was easily purified. The structure of the pure product was determined by FT-IR, H-NMR, and GC-
MS. The antioxidant activity of this compound was investigated by the DPPH method. This compound had an antioxidant
activity with inhibition percentage over 53.42%.

INTRODUCTION

The derivative of 1,8-dioxo-octahydroxanthene, 9-(4-hydroxyphenyl)-3,4,6,7-tetrahydro-2H-xanthene-
1,8(5H,9H)-dion (Compound 1), is a compound with —OH group substituted in para position ring of benzene and has
apyran located between two rings of cyclohexene-2-on [1]. Recently, the synthesis of 1,8-dioxo-octahydroxanthenand
its derivatives have become intriguing to be investigated by organic chemists due to their bioactivity potencies, such
as antioxidant [2], anticancer [3], antibacterial [4], anti-inflammation, and anti-tuberculosis [5]. These compounds can
be synthesized from Knoevenagel condensation between cyclic diketone compound and an aldehyde using acid or
basic catalyst [6]. Knoevenagel condensation reaction is a reaction involving aldehyde and a-Hydrogen compound
toward two activation groups (i.e., C=O or C=N). This reaction could be explained as aldol reaction modification
with nucleophilic addition of active hydrogen compound to a carbonyl group and followed by dehydration reaction
[7], therefore, to synthesize Compound 1, derivatives of 1,8-dioxo-octahydroxanthene, can be carried out by a reaction
of 1,3-cyclohexanedione compound with 4-hydroxybenzaldehyde using an acid catalyst.

The —OH group in 4-hydroxybenzaldehyde is an electron-donating group [8]. Its position in the benzene ring can
affect the steric effect of the compound. The para position will give less steric effect than in its orto or meta position.
The carbonyl group reactivity will also be increasing with this para position since it enables a nucleophile, 1,3-
cyclohexanedione, to easier attack the group to form Compound 1, so it makes the synthesis more profitable. While
the roles of acid catalyst in this reaction are to protonate the carbonyl group on the 4-hydroxybenzaldehyde so that it
can get a nucleophilically attack from 1,3-cyclohexanedione. Additionally, it also aids in the pyran cyclization. The
proposed mechanism of Compound 1formulation is illustrated in Figure 1.
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FIGURE 1. Proposed mechanism of compound 1 formulation [5]

Generally, the proposed mechanism of Compound 1 formation are involving some several steps, i.c. Knoevenagel
condensation, Michael addition, and dehydration. Initially, 1,3-cyclohexanedione did nucleophilic attack to 4-
hydroxybenzaldehyde which had been protonated firstly by acid, then followed by dehydration to provide
Knoevenagel product III. Through Michael addition, ITI would be attacked secondly by 1,3-cyclohexanedione with
nucleophilic attack and produced intermediate V. In the next step, this intermediate V, with the help of the catalyst,
would be nucleophilic attacked by hydroxyl group in its C=C to get cyclisation and formed the desired compound
(VD).

Various types of already developed catalysts can be used for this synthesis, such as p-dodecyl benzene sulfonate
acid in the water [9], NaHSO4.Si0, [10], alumina sulfuric acid in ethanol [11], iodine in isopropanol [3], and ZnO
nanoparticle [12]. Most of those catalysts are effective; however, they have been identified to carry some weaknesses,
such as relatively high-priced, require complicated preparations, and not environmentally friendly. Therefore, this
research will use lime and lemon juice, a Green Catalyst, as one of the alternatives acid catalyst which is
environmentally friendly in the preparation of Compound 1. Lime and lemon are used as potential catalyst since they
contained 7 - 8 % of citric acid out of their pulp [13]. In addition to their reasonable price and their abundant
availability in Indonesia, the usage of lime and lemon juice as catalyst supports “Green Chemistry” concept by its
non-poisonous, non-volatile, and biodegradable characteristics [14].

Antioxidant is a property of compounds which has an important role in the body protection from free radicals and
in the prevention of its further reactions [15]. It stabilizes or reduces free radicals by completing their electron
deficiency and prohibits the chain reaction from free radicals formulation that can produce oxidative stress [16].
Therefore, substances containing sufficient antioxidant are very needed by human body intake. The antioxidant is
classified into two, i.e natural and synthetic antioxidants [16]. The natural antioxidant can be isolated from natural
products. The use of natural product gives more benefits since it is low priced and has abundant availability. However,
it carries some drawbacks, such as limited compound, requires a long time, and complicated refining process.
Therefore, the invention of synthetic metabolism is more thought-provoking and promising since the structure of the

030052-2



targeted compound can be discovered evidently. This creates an opportunity to establish new antioxidant compounds
with great antioxidant activity [17].

One of the synthesized compound that has potential as an antioxidant is the 1,8-dioxo-octahydroxanthene and its
derivatives [18,19]. The antioxidant activity of some 1,8-dioxo-octahydroxanthene derivatives substituted by
hydroxy group bounded to benzene ring had been reported. They have a different percentage of inhibition in each
sample concentration used. The hydroxy group attached to those compound was able to prevent the continuity of free
radical reaction through hydroxy homolytic reaction by donating hydrogen to it; tthus new more stable as well as less
reactive free radical would be formed. This condition would also be followed by the incereasing of compound
inhibition percentage [20].

The procedure used to test the antioxidant activity of a compound is conducted by measuring the interception of
free radicals from DPPH (1,1-diphenyl-2-picrylhydrazyl). The method is relatively simple, easy, economical, and
quick. Antioxidant activity is showed by decreasing of DPPH colour intensity and followed by the decreasing of its
absorbance. The absorbance obtained can be used to calculate the preventing or inhibition percentage. The higher the
inhibition percentage, the more DPPH free radical reduced formed non radical DPPH (DPPHH). Thus, a compound
can be classified having antioxidant activity.

Besides the discovery of pharmacology compound particularly as an antioxidant is very needed, and the
antioxidant activity of Compound 1 has never been reported, so the antioxidant testing of this compound need to be
done. This synthesis can be completed through two procedures, a reflux method in the temperature of 60 and 78 °C.
The synthesis results can be obtained in two hours, as proven by previous studies that synthesize some derivatives of
1,8 dioxo-octa-hydro xanthene using 60 and 78 °C temperature for two hours [21-23]. This study investigates the
effectiveness of lime and lemon juices as an acid catalyst. Besides, the work also identifies the structure of the
synthesized product using FT-IR (Fourier Transform Infra-Red), GC-MS (Gas Chromatography-Mass Spectroscopy),
and 'H-NMR (H-Nuclear Magnetic Resonance) instruments. The results from each instrument are compared with the
related literature.

EXPERIMENTAL DETAILS

Materials

The materials used in this study come from Sigma Aldrich, such as 1,3-cyclohexanedione (powder), 4-
hydroxybenzaldehyde (powder), ethanol p.a, methanol, dimethyl sulfoxide (DMSO), 1,1-diphenyl-2-picrylhydrazyl
(DPPH), aquades, aluminum foil, universal indicator, filter paper. Lime used in this research was obtained from a
garden located in Dau Malang, while the lemon was purchased from Superindo convenience store Malang.

Synthesis of 9-(4-hydroxyphenyl)-3,4,6,7-tetrahydro-2H-xanthene-1,8(5H,9H)-dione
Compound

A 0.2243 g (2 mmol) 1,3-cyclohexanedione and 0.1221 g (1 mmol) 4-hydroxybenzaldehyde was put in a 50 mL
two neck round bottom flask. Then, 10 mL of the squeezed lime or lemon water that has been centrifugated to separate
its water and pulp was added. It was refluxed for two hours at 60 °C temperature. After two hours, it was set aside for
+ 10 min to let the residue went down. The residue was filtered, dried, and heated in an oven at 100 °C for 1-2 minutes
to eliminate the water left. Later, it was purified using the recrystallization technique until the pure compound was
obtained. The same procedure was conducted at 78 °C reflux temperature. The calculation of synthesized product
attenuation was obtained by comparing the mass of the synthesized product and the theoretical mass (Equation 1).

Mass of yield

% Rendement = x 100% (1

Theoritical mass
Characterization and Identification of Synthesized Product

The characterization of the synthesized product includes the shape, color, and melting point. Meanwhile, the
identification of the pure synthesized compound was carried out using FT-IR, GC-MS, and '"H-NMR instrument.
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Antioxidant Activity Test of 9-(4-hydroxyphenyl)-3,4,6,7-tetrahydro-2H-xanthene-
1,8(5H,9H)-dione Compound

First step in preparation of sample or testing solution, it required 0.001 gram of Compound 1, put in a 10 mL
volumetric flask and then DMSO was also added to this flask until the volume reached the boundary mark. After that,
this solution was diluted to several concentration variations such as 2, 4, 6, 8, and 10 ppm. 2 mL from each sample
concentration was taken and added with 1 mL DPPH 20 ppm reagent. The control solution was 2 mL DMSO solvent
mixed with 1 mL DPPH 20 ppm solution. The control and mixture solution was set aside for 30 min in a dark room
and at room temperature. After 30 min, its absorbance was measured in duplo at a wavelength of A = 517 nm using a
UV-Vis spectrophotometer [24-26]. The estimation of the antioxidant compound inhibition percentage toward DPPH
radical was completed using Equation 2.

Ac—As

Inhibition Percentage = X 100% 2)

Description : A. = control absorbance; A, = sample absorbance

RESULTS AND DISCUSSION

The synthesized product was in white-colored solids that dissolves in dimethyl sulfoxide (DMSO) solvent. The
purity of a compound could be identified by determining its melting point. A sample was considered pure if the range
of its initial and final melting temperature was equal to 1 — 2 °C. Additionally, pure compound generally had higher
melting point compare to the impure one. The measurement showed that the melting point of the reaction product that
catalyzed by lime and lemon juice at 60 and 78 °C reflux temperature were 227 — 229 °C. This result explained that
the expected pure product had been formed, because it had different melting point from its reactant which was 106 °C
for 1,3-cyclohexanedion and 117 °C for 4-hydroxybenzaldehyde. Table 1 showed that lime juice was better catalyst
than lemon for the synthesis of Compound 1 at temperatures of 60 and 78 °C, even if both lime and lemon possess
citric acid. The rendement of this synthesize was summarized in Table 1.

TABLE 1. Mass and percentage of rendement

Temperature 60 °C (2 h) Temperature 78 °C (2 h)
No Catalyst Mass (g) Rendement (%) Mass (g) Rendement (%)
1. Lime juice 0.2728 88.00 0.2512 81.03
2. Lemon juice 0.2379 76.74 0.2421 78.09

In the market, lime also has a lower price than lemon, so that the use of lime as a catalyst is more economical and
beneficial. The initial pH for each lime and lemon before reaction was 2.43 and 2.36. The pH of both materials was
relatively similar; therefore, the catalyst effectiveness difference was presumed to come from another component in
the lime that accelerated this compound synthesis. Besides, previous research has reported that the citric acid in the
lime is (8.4%) higher than the citric acid of lemon (3.49%) [27]. Both of lime juice and lemon juice also can be reused
until two more of synthesis process.

Structure identification of the synthesized product was analyzed using FT-IR to reveal the functional groups of a
sample or compound. FT-IR analysis of both reactants of 4-hydroxybenzaldehyde and 1,3-cyclohexanedione, along
with the synthesized product with lime and lemon catalyst, have been carried out. Each compound has a typical IR
spectrum. If the product’s IR spectra are different from both reactants, the product formulation has been confirmed.
The products have distinctive absorption bands from the reactant’s absorption bands (Figure 2), which indicates that
the product has been successfully synthesized using lime and lemon catalyst. Besides, the interpretation of the
synthesized product’s IR spectra is also supported by previous research, as shown in Table 2 [28].
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FIGURE 2. IR spectrum of reactants and products

TABLE 2. Interpretation of synthesized product IR spectra and previous research findings

Wave Number

Research by Li-Bin, ef al. [28]

Typical Vibration (em™) Intensity (em™)
Stretching O-H 3381.21 Strong, widen 3379
StretchingC-H aromatic 3022.45 Moderate, sharp 3021
StretchingC-H aliphatic 2949.16 Moderate, sharp 2949
StretchingC=0 ketones 1651.07 Strong, sharp 1662
StretchingC=C aliphatic 1610.56 Strong, sharp 1612
StretchingC=C aromatic 1516.05 Strong, sharp 1515
StretchingC-O 1207.44 Strong, sharp 1207

The '"H-NMR analysis results showed eight primary signals. The signal (2H, s) at 1.82 and 1.93 ppm indicated

proton methylene on cyclohexene rings (H-20 and H-15). Meanwhile, the signal (4H, f) at 2.25 and 2.62 ppm
represented H-19, H-21, H-14, and H-16. The main characteristic of 'H-NMR spectrum of 1,8-dioxo-

octahydroxantene was signal at 4.46 ppm indicating proton methine in pyran ring (H-8). The phenolic protons (H-1,

H-2, H-3, and H-5) was represented by signal (2H, d) at 6.59 and 6.93 ppm (H-1, H-2, H-3, and H-5). The proton of

hydroxyl group was showed by signal (1H, s) at 9.16 ppm. The '"H-NMR prediction can be shown in Figure 3.

79.16 ppm

6.93 ppm 1

6.59 ppm 2

2.62 ppm 19

1.93 ppm 20

2.25 ppm 21

14 2.25 ppm

16 2.62 ppm

15 1.82 ppm

FIGURE 3. The chemical shift of each proton in compound 1
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However, the singlet signal on § 1.82 ppm and & 1.93 ppm should have appeared as a triplet because it has two
neighboring hydrogens. Similarly, the triplet signal on  2.25 ppm should have occurred as a quintet because it
possesses four neighboring hydrogens. This is caused by the "TH-NMR spectrophotometer uses low resolution so that
the protons have no ability to perform splits. Contrarily, with an integrated '"H-NMR technique, a hydrogen number
ratioof2:2:4:4:1:2:2:1,in line with the amount of H proton group on the targeted compound structure, was
obtained. The interpretation of '"H-NMR spectrum results for the synthesized product is supported by previous results
findings, as presented in Table 3 [28].

TABLE 3. Interpretation of 'H-NMR spectrum for synthesized product and results of the previous study

Chemical Shift A Study by Li-Bin, ef al. [28]
Protons
(ppm) (ppm)

H-15 1.82 1.86
H-20 1.93 1.94
H-14 & H-21 2.25 2.27
H-16 & H-19 2.62 2.63
H-8 4.46 4.48
H-2 & H-4 6.56 6.59
H-1 & H-5 6.93 6.95
H-7 9.13 9.19

In order to assure 'H-NMR interpretation, analysis using GC-MS was done to determine molecular mass of
expected compound. GC analysis result of product which was catalyzed by lime juice at 60 and 78 °C reflux
temperature gives a single peak at chromatogram and 100% surface area assumed to be pure compound. The MS
spectrum showed a peak at m/z 310.0, estimated to be targeted molecular ion [M"] of Compound 1. These exact results
were also obtained in the measurement of product which was produced using lemon catalyst. The product formulation
was also confirmed by the fragmentation pattern of ion molecule, illustrated in Figure 4.

B OH ] 4.-
[ 1+
)\| /\|
o A o o A o
Loss -OH + OH"
— >
| | M-17 |
B \o/ d B \o/ d
m/z=310,1 m/z =293
— —+
)OH\ .
= | + o on _
o) o
Y o Loss -C¢HsOH
_—
M-93 +
[ ] o _
L o] _ m/z=217,1
m/z =310,1

FIGURE 4. Fragmentation pattern of ion molecule
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The interpretation of IR spectra, mass spectra, and 'H-NMR spectrum results indicated that the characteristic of
the targeted compound structure was 9-(4-hydroxyphenyl)-3.4,6,7-tetrahydro-2H-xanthene-1,8(5H, 9H)-dione (the
1,8-dioxo-octahydroxanthene derivative). Therefore, that compound has been successfully synthesized using lime and
lemon juice. The reusability of the lime and lemon juice was also studied in this research. The mixture of the reaction
product was separated by filtration. The filtrate contained recovered lime and lemon juice gave pH value same as their
initial pH. These filtrates could be used again as catalyst in the second synthesis of Compound 1. The result showed
that the isolated yield of Compound 1was small decrease as shown in Figure 5.

100
90 -
80 1
70 -
60 -
50 -
40 A
30 -
20 A
10 -

0 .
First Run Second Run

B Lime Juice

O Lemon Juice

FIGURE 5. Graphs of the first and second synthesis results

Antioxidant activity was tested using DPPH inhibition method by UV-Vis spectrophotometer absorbance
measurement. This method has many advantages such as simple, easy, fast, and need fewer samples. The antioxidant
compound will react with free radical DPPH to form non-radical DPPH (DPPHH) indicated by the change in purple
color intensity become lighter and absorbance decreasing. The inhibition percentage of the antioxidant compound was
calculated using Equation 2. The UV-Vis spectrometer analysis and inhibition percentage is shown in Table 4.

TABLE 4. Results of inhibition percentage calculation for compound 1

Sample Concentration Inhibition Percentage

Average Absorbance

(ppm) (%)
0 0.8899 0
2 0.4145 53.422
4 0.3955 55.557
6 0.3905 56.119
8 0.2855 67.918
10 0.278 68.761

A sample with 0 ppm was a blank or control solution used as comparative in determining antioxidant activity of
the sample. Besides, it also reveals the DPPH radical absorbance that was not reduced by the sample. The data showed
that the higher the sample concentration is, the inhibition percentage is greater. It is because higher concentration will
give more atoms H used to stabilize free radical DPPH. The more radical DPPH stabilized is, the color intensity is
weaker and so are the absorbance value. The decreasing in absorbance value will give an increase in inhibition
percentage. Antioxidant potency of a compound is related to its inhibition percentage. Based on the inhibition
percentage calculation, Compound 1 has IC50 less than 2 ppm. This result was predicted from the value of inhibition
percentage at concentration 2 ppm more than 50%. But, this conclusion needs to be proved in further research.
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SUMMARY

Synthesize of 9-(4-hydroxyphenyl)-3,4,6,7-tetrahydro-2 H-xanthene-1,8(5H, 9H)-dione using one simple step and
economics reaction has been successfully done. This process consists of Knoeveganel condensation between 1,3-
cyclohexanedione and 4-hydroxybenzaldehyde in the presence of lime juice or lemon juice as Green Catalyst.
Research proved that lime juice is more effective catalyst than lemon juice in the formation of Compound 1 with yield
more than 80%. This compound has antioxidant activity with inhibition percentage over 53.42%.
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