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Abstract

Bisenols and its derivatives are attractive heterocyclic compounds exhibiting a wide range of biological properties, including
anticancer, antipyretic and antimicrobial characteristics. Many catalytic systems have been reported to enhance the synthesis
of bisenols, but these catalytic systems suffer from several drawbacks, such as the use of external metals, expensive and toxic
chemicals. Thus, the development of a greener and efficient catalyst for the synthesis of bisenols is highly sought after. Herein,
an improved protocol for the synthesis of bisenols in the water extract of burned-ash of onion peel waste (ash-water extract)
as an efficient catalytic system is reported. Upon completion of the reaction, the crude mixture was extracted with ethyl
acetate and the ash-water extract was successfully reused for several times in the synthesis of a variety of bisenols. Bisenols
were obtained in good to excellent yields (62-94%) by using various benzaldehyde and 4-hydroxycoumarin catalyzed by
the ash-water extract. Moreover, all pure products were obtained by precipitation without the need of column purification.
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Introduction

In recent years, the search for simple and efficient green
chemical processes has been the key driving force in both
the industrial and academic communities (Simon and Li
2012). In this regard, efforts have been devoted on using
environmentally acceptable reagents, solvents and cata-
lysts, and enforce on the use of more eco-friendly protocols
in accomplishing organic chemical processes (Yang et al.
2016a, b). Aqueous media, in particular, has attracted signif-
icant attention as they are environmentally friendly, cheap,
safe and readily available (Li and Chen 2006; Wagare et al.
2017). Aqueous organic reactions have also been recognized
as environmentally benign tools in the modification of bio-
molecules and in the synthesis of bioactive molecules (Wang
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et al. 2003; Yang et al. 2016a, b). Moreover, the use of water
as solvent has been reported to enhance the rate of chemical
reactions (Bhowmick et al. 2015; Jafari and Ghadami 2016;
Miklés and Fiilop 2016; Vamisetti et al. 2017; Yorulmaz
et al. 2017).

Lately, there has been a growing interest among chemists
to use waste water and the water extracts of fruits and veg-
etables to perform organic reactions (Sarmabh et al. 2017).
The use of these biodegradable/recyclable media serves as
a promising and attractive tool for industrial application
in the near future. Among the organic reactions that were
performed using these non-classical solvents include the
Suzuki—Miyaura reaction (Boruah et al. 2015), Sonogashira
reaction (Dewan et al. 2016), synthesis of 3-carboxycou-
marins (Fiorito et al. 2016), Henry reaction (Surnenia et al.
2016), Dakin reaction (Saikia and Borah 2015) and several
other examples. Likewise, bio-wastes are an appealing alter-
native to improve the “greenness” of organic chemical pro-
cesses. Every month, million tons of bio-wastes were gen-
erated by eateries and food processing factories (Choi et al.
2015). The generation of food waste has increased as a result
of the high demand for agricultural production to meet the
ever-growing world population (Marshall and Farahbakhsh
2013). Majority of the bio-wastes are allocated to landfill,
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and this has seriously impacted our ecosystem, wildlife and
the human health (Gao et al. 2015).

Onion (Allium cepa L.) is an ubiquitous crop grown not
only for human consumption, but also for their therapeu-
tic and other functional purposes (Nile and Park 2013).
Every year, it is estimated that about 100,000-500,000 tons
of onion waste were generated in the developed countries
alone (Sharma et al. 2016). In this regard, here we would
like to present a green and efficient method of synthesizing
bisenols which was carried out by using the waste onion peel
ash-water extract. The bisenol and its derivatives have dem-
onstrated to possess a broad range of biological activities,
including anticancer (Maresca et al. 2010), antiviral (human
immunodeficiency virus) (Su et al. 2006), antipyretic (Saeed
and Larik 2016), antimicrobial (Singh et al. 2015; Qu et al.
2014) and several other favorable properties. The conven-
tional methods of synthesizing bisenols involved the con-
densation of 4-hydroxycoumarin and benzaldehydes in the
presence of external metals, expensive and environmentally
harmful catalysts, such as phosphotungstic acid (Singh et al.
2010), tetrabutylammonium bromide (Khurana and Kumar
2009), L-proline—zinc (Siddiqui and Farooq 2011), manga-
nese (II) chloride (Sangshetti et al. 2009), sulphated titania
(Karmakar et al. 2012) and triethylammonium hydrogen
sulfate (Patil et al. 2017). The abundant onion peel waste
generated across the world is an appealing resource, espe-
cially in regard with its application in organic synthesis, and
thus aid in reducing the environmental pressure. In organic
synthesis, the prospect of using an inexpensive and envi-
ronmental benign natural feedstock extract to accomplish
organic processes, and at the same time able to overcome
the above-mentioned drawbacks, is promising.

Experimental
Materials and equipments

All chemicals and solvent used in this study including ethyl
acetate, benzaldehyde, 2-chlorobenzaldehyde, 3-chloroben-
zaldehyde, 4-chlorobenzaldehyde, 2-bromobenzaldehyde,
3-bromobenzaldehyde, 3-fluorobenzaldehyde, 4-isopro-
pylbenzaldehyde, 4-methoxybenzaldehyde, chloroform-d
(CDCl,), dimethyl sulfoxide-d6 (DMSO-d,) and silica gel
60 (0.063-0.200 mm) were purchased from Sigma-Aldrich
and were used without further purification. The proton ('H)
and carbon-13 (*C) nuclear magnetic resonance (NMR)
spectra were recorded in CDCl; solvent on Bruker Avance
III 400 MHz spectrometer. The chemical shifts are quoted
in & (parts per million, ppm), and coupling constants (J) are
quoted in hertz (Hz). The following abbreviations correlate
with the multiplicity of NMR signals: s =singlet, d=dou-
blet, t=triplet, m = multiplet and br.s =broad singlet. In
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addition, the units of measure abbreviation are provided as
follows: min =minute, h =hour, mmol =milimole, g=gram,
°C =degree celcius, % = percent, mg/L =milligram per
liter and mL =milliliter. The chemical abbreviations used
in this manuscript were included as follows: H = proton,
Cl=chlorine, Br=bromine, F =fluorine, MeO = methoxy
and Me =methyl. The gas chromatography mass spectrom-
etry (GC-MS) analyses were performed using Shimadzu
QP2010SE equipped with a Supelco fused silica capillary
column (30 m X 0.25 mm i.d., 0.25 mm film thickness). The
mass spectra values are quoted in unit of mass-to-charge
ratio (m/z). The determination of metal content was per-
formed using Varian Vista Pro inductive coupled plasma-
optical emission spectroscopy (ICP-OES).

Preparation of the ash-water extract

The onion waste was collected at a local restaurant. The
onion peel was separated from the bulb and was thoroughly
washed with distilled water. Subsequently, the onion peel
was sun-dried for two days. The onion peel ash-water extract
was prepared according to a previous literature (Boruah
et al. 2015). Firstly, the dried onion peels (2.5 g) were cut
into small pieces and were burned to ash in a furnace at 500
°C for 1 h (h). About 1.0 g of the ash was transferred to a
250-mL conical flasks suspended with 30 mL of distilled
water, and the mixture was magnetically stirred for 1 h. The
resulting mixture was then filtered and the filtrate is termed
as the ash-water extract.

Metal content analysis on the ash-water extract

0.1 g of onion peel ash was weighed and put into a 50-mL
polypropylene centrifuge tube. After the addition of deion-
ized water (30 mL), the tube was capped and shaken for
3 min to allow thorough mixing of the onion peel ash and
extraction solution. The onion peel ash was filtered, and
the filtrate was transferred into a 50-mL beaker. The filtrate
was heated on a hot plate until a final volume of 5 mL was
obtained for simultaneous metal determination by ICP-OES
analysis. The blank solution was prepared using 5 mL of
deionized water. The sample was analyzed in triplicates.
The ICP-OES data on the ash-water extract were shown as
mean value + standard deviation (SD) in parts per billion
(ppb). The ICP-OES working standards ranged from 0.01
to 10 mg/L were prepared daily from the multiple-element
stock solutions (Inorganic Venture, IV-inductive coupled
plasma mass spectrometry-71A). An internal standard solu-
tion, namely the scandium, was used to reduce the spec-
tral interference and matrix effects. A set of known con-
centration of standard solutions were treated as a quality
control for measuring the unknown concentrations, and the
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analytical accuracy of the ICP-OES analysis was within 5%
for all measured elements.

General procedure for the synthesis of bisenols

The ash-water extract (1 mL) was added into a 25-mL round
bottom flask that was suspended with a mixture of 4-hydrox-
ycoumarin (2 mmol) and benzaldehydes (1 mmol). The reac-
tion mixture was stirred magnetically at 80 °C. The forma-
tion of bisenols was monitored by thin layer chromatography
(TLC). Upon completion of the reaction, the aqueous layer
was extracted three times with 10 mL ethyl acetate (3 X
10 mL). The organic layer was then transferred into a small
vial and a 20 mL of ice-cold water was added into the same
vial. The pure product was obtained by precipitation with-
out further column purification. The remaining ash-water
extract catalytic system was reused for the synthesis of other
bisenols under the same condition. In addition, experiments
such as the optimization study and synthesis of each bisenols
were carried out twice and the yields were shown as mean
value + standard deviation (SD).

Spectroscopic data of selected bisenols

3,3'-(Phenylmethylene)bis(4-hydroxy-2H-chromen-2-one)
3a 'H-NMR (400 MHz, CDCl,): 6 6.11 (s, 1H); 7.22 (m,
2H); 7.26 (m, 1H); 7.34(m, 2H); 7.38(m, 2H); 7.42 (m,
2H); 7.63(m, 2H); 8.00(d, 1H, J=7.1 Hz); 8.08 (d, 1H,
J=17.1 Hz); *C NMR (100 MHz, CDCl;) 6 36.14, 103.91,
105.61, 116.64, 116.70, 124.38, 124.80, 126.58, 126.88,
128.64, 132.82, 135.20, 152.30, 152.50, 164.61, 165.80,
166.89, 169.30; GC-MS: C,sH 404, m/z 412.09.

3,3'-((4-Chlorophenyl)methylene)bis(4-hydroxy-
2H-chromen-2-one) 3d 'H-NMR (400 MHz, DMSO-dy): 6
6.34 (s, 1H); 7.17 (d, 2H, J=8.3 Hz); 7.33-7.45 (m, 6H); 7.62
(t, 2H); 7.95 (d, 2H, J=7.5 Hz); 3*C NMR (100 MHz, DMSO-
de) 8 35.80, 103.94, 116.02, 117.80, 118.70, 123.84, 123.90,
129.20, 130.90, 132.10, 139.50, 152.20, 164.80, 165.21 GC—
MS: C,sH33ClO, m/z 446.06; C,sH3LC10,, m/z 448.04.

3,3’-((3-Bromophenyl)methylene)bis(4-hydroxy-
2H-chromen-2-one) 3f 'H-NMR (400 MHz, DMSO-dy): 6
6.38 (s, 1H); 7.22-7.26 (m, 2H); 7.34-7.40 (m, 6H); 7.64
(t, 2H); 7.95 (d, 2H, J=7.6 Hz); '*C NMR (100 MHz,
DMSO-dg) 6 35.98, 103.63, 115.96, 117.80, 121.57, 123.70,
123.95, 126.04, 128.50, 129.32, 130.19, 131.91, 143.50,
152.30, 164.56, 165.58; GC-MS: C25HT§Br06, m/z 490.01;
C25H§§Br06, m/z 492.00.

3,3’-((3-Fluoroyphenyl)methylene)bis(4-hydroxy-
2H-chromen-2-one) 3g 'H-NMR (400 MHz CDCly): 6
6.06 (s, 1H); 7.02 (t, 2H); 7.19 (m, 2H); 7.42 (d, 4H); 7.65

(t, 2H); 8.02 (m, 2H); 11.34(s, 1H); '*C NMR (100 MHz,
CDCl,) & 35.59, 103,81, 105.51, 115.42, 115.66, 116.37,
116.68, 124.36, 124.98, 128.09, 128.22, 130.77, 130.78,
133.06, 152.28; 152.50; 160.11; 163.34; 164.56; 165.89;
166.76; 169.21; GC-MS: C,sH,sFOy, m/z 430.69.

3,3’-((4-Methoxyphenyl)methylene)bis(4-hydroxy-
2H-chromen-2-one) 3h 'H-NMR (400 MHz DMSO-dy): 6
3.88 (s, 3H); 6.51 (s, 1H); 7.00 (d, 2H, J=8.6 Hz); 7.26 (d,
2H, J=8.4 Hz); 7.54(t, 2H); 7.55(d, 2H, J=7.9 Hz); 7.81 (t,
2H); 8.10(d, 2H, J="7.6 Hz); >C NMR (100 MHz, DMSO-
dg,) 635.41,55.18, 104,72, 113.75, 16.21, 117. 54, 123.98,
124.10, 127.95, 130.89, 132.28, 152.27, 157.62, 157.62,
164.69, 165.08; GC-MS: C,,H,50,, m/z 442.11.

3,3'-(p-Tolylmethylene)bis(4-hydroxy-2H-chromen-2-one)
3i '"H-NMR (400 MHz DMSO-dy): 6 2.28 (s, 3H); 6.41
(s, 1H); 7.08 (s, 4H); 7.38 (t, 2H); 7.43(d, 2H, J=8.5 Hz);
7.66(t, 2H, J=7.9 Hz); 7.97 (d, 2H, J=7.9 Hz); 12.18(br.s,
2H); '*C NMR (100 MHz, DMSO-dg,) 6 20.54, 35.58,
104,45, 116.12, 117.37, 123.86, 124.00, 126.66, 128.81,
132.18, 134.74, 136.00, 152.11, 164.65, 164.98; GC-MS:
Cy6H 304, m/z 426.11.

3,3’-((Phenyl)methylene)bis(4-hydroxy-6-methyl-
2H-chromen-2-one) 3j 'H-NMR (400 MHz DMSO-d,): 6
2.35 (s, 6H); 6.27 (s, 1H); 7.04-7.68 (m, 11H); 12.48 (s,
2H); '3C NMR (100 MHz, DMSO-d,,) § 20.68, 36.35,
103.71, 115.78, 116.38, 123.08, 125.13, 126.87, 127.87,
131.85, 132.07, 142.77, 150.87, 165.02, 165.89; GC-MS:
C,7H,,04, m/z 440.13.

Results and discussion

For the optimization study, benzaldehyde (1 mmol) and
4-hydroxycoumarin (2 mmol) were selected as the model
starting materials. These chemicals were added into a 25-mL
round bottom flask containing the ash-water extract. The
reaction mixture was magnetically stirred, and the progress
of the reaction was monitored by TLC. Initially, 0.2 mL of
ash-water extract was added to the round bottom flask con-
taining the model starting materials and the reaction mixture
was heated at 40 °C. After 20 min, the yield of 3a was found
to be poor (40%) (Table 1, entry 2). It is noteworthy that the
yield of 3a increased by increasing the temperature and the
amount of ash-water extract used (Table 1, entry 4). The
yield of 3a was found to be excellent (94% yield), when
1.0 mL of ash-water extract was used as solvent and the
reaction mixture was heated at 80 °C for 40 min (Table 1,
entry 5). On the contrary, prolonging the reaction time and
the use of a higher temperature (more than 80 °C) did not
give rise to a better result (Table 1, entry 6-8). In this study,
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Table 1 The optimization of reaction parameters for synthesizing 3a,
including the amount of ash-water extract used, reaction time and
temperature study by employing 4-hydroxycoumarin and benzalde-
hyde as model substrates

Entry Solvent (mL) Time (min) Tem- Yield® (%)
perature
O
1 Water (1.0) 40 50 30+3.73
2 Ash-water extract (0.2) 20 40 40+4.01
3 Ash-water extract (0.5) 20 60 56+6.73
4 Ash-water extract (0.5) 20 80 60+6.24
5 Ash-water extract (1.0) 40 80 94 +0.01
6 Ash-water extract (2.0) 40 90 93+0.01
7 Ash-water extract (1.0) 40 100 93+0.01
8 Ash-water extract (1.0) 240 80 90+0.02

The optimization test showed that the use of 1 mL ash-water extract
at 40 min and 80 °C reaction conditions favored the optimal produc-
tion of 3a

solated yield of product 3a

a control experiment was also performed to synthesize 3a
by using model starting materials in the presence of water
as solvent, but only 30% yield was recorded (Table 1, entry
1). Based on these results, the best reaction condition was

determined (Table 1, entry 5) and this optimized reaction
condition was extended for downstream studies.

Next, the general applicability of the ash-water extract
catalytic system was examined by employing different alde-
hydes to synthesize a variety of bisenol derivatives 3a—j
under the optimized condition. In all the cases, the bisenols
were obtained by precipitation without the need of column
purification (62-94% yield). As shown in Table 2, all the
reactions afforded the corresponding bisenols 3a—j in good
to excellent yields (Table 2, entries 1-10). In particular,
benzaldehydes bearing the electron-withdrawing groups
afforded the bisenols 3a—g in good to excellent yields within
40-min reaction time (Table 2, entries 1-7). The current
protocol was also found to be efficient, when substituting
the 4-hydroxycoumarin with 4-hydroxy-6-methylcoumarin,
the corresponding product 3j was afforded in good yields
(Table 2, entry 10). The catalytic performance of the ash-
water extract was regarded as unprecedented due to the fact
that no external bases and additive as catalyst were involved.
In addition, all reactions were completed in a short reaction
time. The synthesized bisenols 3a—j were characterized by
NMR (*H and '*C) and GC-MS methods.

Furthermore, the reusability of the ash-water extract
catalytic system was also investigated. It was observed
that the ash-water extract catalytic system could be reused

Table 2 Synthesis of bisenol derivatives from 4-hydrocycoumarins and benzaldehydes in the presence of ash-water extract at 80 °C

OH
2
N R\ X Ash—water extracl
R1:— H . | >

Z Z oo
Entry R! R? Product Reaction time (min) Isolated yield (%)
1 H H 3a 40 94+3.73
2 2-Cl H 3b 40 88+7.54
3 3-Cl H 3c 40 84+5.26
4 4-C1 H 3d 40 86+7.73
5 2-Br H 3e 40 85+3.73
6 3-Br H 3f 40 80+8.11
7 3-F H 3g 40 78 +4.84
8 4-OMe H 3h 40 62+5.93
9 4-Me H 3i 40 66 +4.67
10 H 6-CH, 3j 40 63+5.45

The coumarins and benzaldehydes were reacted efficiently in the presence of ash-water extract to afford the corresponding bisenol derivatives in

good to excellent yields (62-94%)
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Fig. 1 Recyclability test of ash-water extract for the synthesis of 3a.
Reaction conditions: 1 mmol of benzaldehydes, 2 mmol of 4-hydrox-
ycoumarin, 1 mL of ash-water extract, 80 °C. The ash-water extract
can be recycled and reused for up to five times, without significant
loss of activity. The recyclability result indicates that the ash-water
extract is a recyclable and efficient catalytic media

in subsequent reactions for up to five times, without sig-
nificant loss of catalytic activity. Upon the completion
of a reaction, the crude mixture was first extracted with
ethyl acetate and the ash-water extract was reused for the
synthesis of 3a. The yield of 3a was found to be excellent
(92.8+£0.75%) after five successive synthetic reactions
by using the recycled ash-water extract catalytic system
(Fig. 1). The successive reuse of the catalytic system
without significant loss of activity after each recovery
indicates that this catalytic system may achieve the goal
of green chemistry (Liu et al. 2014).

The metal content and chemical constituents of the
onion peel may vary according to the geographical loca-
tion, seasonal harvesting and processing. As such, we
have characterized the metal content of the ash-water
extract by using ICP-OES, which resulted in the follow-
ing output (mean value + SD) in parts per billion (ppb):
potassium (11749.00 +227.00), sodium (92.00 +0.21),
magnesium (528.00 +40.00), phosphorus (87.00 5.00),
yttrium (33.00 +0.02) and boron (32.00 +3.00). Magne-
sium was found to be one of the major metals in this
study, and also a common mineral identified in the onion
peel of other geographical region (Ariyama et al. 2007).
Based on the laboratory result, we found that under

identical optimized reaction condition, by substituting
the ash-water extract with magnesium oxide (1.0 mmol)
in 5 mL of water, the formation of 3a was found to be in
satisfactory yields (64%), which is in agreement with a
previous study reported by Safaei-Ghomi et al. (2014) on
the role of magnesium oxide as nanocatalyst. Thus, we
hypothesized that the alkaline oxides, in particular, the
magnesium oxide, resulted from the ash-water extract act
as catalysts in the formation of bisenols. In order to show
the merit of the current protocol, the previous protocols
and their yields for the synthesis of 3a are summarized
in Table 3. Most of the reported methods employed for
the synthesis of bisenols involved the condensation of
4-hydroxycoumarin and benzaldehydes in the presence
of external metals, non-recyclable catalysts, expensive
reagents or environmentally harmful catalysts. In the cur-
rent work, we have demonstrated that the waste peel of
onion could be transformed into valuable and eco-friendly
catalytic system that benefits not only to the mankind, but
also reducing the impact caused by the disposal of this
bio-waste to our environment. Furthermore, the current
improved protocol is capable of minimizing the use of
toxic chemicals and, at the same, time provides an alter-
native way of onion waste management.

Conclusion

In summary, we have demonstrated an efficient catalytic
system for the synthesis of bisenols by using the waste
onion peel ash-water extract. Under the improved protocol,
it offers several advantages over the previous methods,
which includes the elimination of toxic chemicals, cheap
and the end products were obtained in good to excellent
yields (62-94%). Furthermore, the ash-water extract cata-
lytic system could be reused up to five times without the
significant loss of activity. In addition, all pure products
were obtained by precipitation without the need of column
purification. This current improved protocol is capable of
minimizing the use of toxic chemicals that is of scientifi-
cally significant and at the same time provides an alterna-
tive way of bio-waste management. We anticipate that the

Table 3 Synthesis of 3a in the

. Entry  Catalyst Time (min)  Yield (%)  References

presence of different catalysts
1 Ash-water extract 40 94 Current work
2 Phosphotungstic acid 20 93 Singh et al. (2010)
3 Tetrabutylammonium bromide 45 91 Khurana and Kumar (2009)
4 L-proline—zinc 5 92 Siddiqui and Farooq (2011)
5 Manganese (II) chloride 30 99 Sangshetti et al. (2009)
6 Sulphated titania 15 92 Karmakar et al. (2012)
7 Triethylammonium hydrogen sulfate 30 88 Patil et al. (2017)
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current protocol will provide a great utility in the synthesis
of other heterocyclic compounds in the near future.
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