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Abstract

A dry rind of Aegle marmelos (bael) fruit ash as a synergetic alternative material
to an expensive, toxic and corrosive catalysts for the synthesis of biscoumarins and
2-amino-4H-chromenes at ambient temperature in water is reported. The spectro-
scopic evidence from EDX, FTIR, XRD and SEM analysis of bael fruit ash supports
the presence of metal oxides, carbonates and hydroxides which are intensely respon-
sible for the acceleration of the reactions. The striking features of this protocol are
utilization of bio-waste, cost-effective, recyclable and biodegradable catalytic sys-
tem, which provide good to excellent yields in a short reaction time.
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Introduction

One-pot multi-component reaction strategies offer eco-friendly and significant
advantages over conventional linear-type syntheses by virtue of their convergence,
productivity, reduction in work-up and purification steps, facile execution and high
yield [1]. Because of these versatile advantages, recently, multi-component reac-
tions have been widely used in the field of organic, medicinal and combinatorial
chemistry.

The attractive features of 4H-chromenes motivated scientific community to design
and develop natural product-derived analog of alkaloids, for example, Arisugacin A
[2], Ophioglonin [3] and Hyperxanthone [4]. Similarly, some biscoumarin moieties
have been found in nature including Bisosthenon (Citrus funadocao), Ismailin (Dio-
spyros ismaili), Dicoumarol (Melilotus alba) and Gerberinol (Gerbera lanuginose)
as shown in Fig. 1 [5].

Nowadays, the development of biscoumarins has received significant attention
because they have potent biological [6, 7] and many pharmacological activities, such
as antitumor [8], antioxidant [9], anti-inflammatory [10], cytotoxicity [11], antican-
cer [12], antiviral [13], antipyretic [14] and antimicrobial [15] properties. Some of
the applied methodologies with the use of various catalysts such as water extract of
waste onion peel ash [16], FeNiy—ILs [17], CuO-CeO, [18], DBSA [19], molecu-
lar iodine [20], Zn(proline), [21], sodium dodecyl sulfate [22], W-doped ZnO nano-
composite [23], DBU [24], [bmim] [BF,] [25], ruthenium(III) chloride hydrate [26],
Si0,C1 [27], TBAB [28] and Fe(SD); [29, 30] have been reported.

2-Amino-4H-chromenes and their derivatives exhibit a broad spectrum of biolog-
ical and pharmaceutical activities such as antioxidant [31], anticancer [32], anti-HIV
[33], anti-dyslipidemic [34], anti-hyperglycemic [35], xanthine oxidase inhibitory
[36], antimicrobial [37], antiallergic [38], acetylcholinesterase, butyrylcholinest-
erase inhibitory [39] and Src kinase inhibitory activities [40]. For the synthesis of
2-amino-4H-chromenes from aryl aldehydes, 4-hydroxycoumarin and malononi-
trile with various catalysts such as polymer-supported sulfanilic acid [41], sodium
dodecyl sulfate [42], ionic liquid [43], Fe;0,@SiO,—imid—-PMAn [44], ammonium
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Fig. 1 Naturally found some bioactive compounds bearing 4H-chromenes scaffolds and biscoumarins
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metavanadate [45], DBU [46], TBAB [47], N(Et); [48], MgO [49], starch [50],
aqueous K,CO; [51], HP, W 304,.18H,0 [52] and piperidine [53] have been used.

Water is the universal solvent that plays a significant role in all chemical reac-
tions of life [54, 55]. Water as a reaction media came from the studies on ‘Hydro-
phobic effects on simple organic reactions in the water’ by Ronald Breslow in the
1980s [56]. Recently, Sharpless and co-workers have defined ‘on water’ conditions
using water as a solvent for the reaction of water-insoluble reactants without the
use of organic cosolvent [57]. Another study done by Engberts has shown that the
Diels—Alder cycloaddition reaction accelerated very rapidly in water [58]. Notably,
the use of water as a solvent has attracted much interest in recent years. Indeed,
water offers many advantages because it is a cheap, readily available, non-toxic and
nonflammable solvent, thus being very attractive from both an economic and envi-
ronmental point of view [59].

Sustainability is a broad discipline which has become a watchword and guiding
principle for modern society, and a growing appreciation is that the anthropogenic
‘bio-waste,” in all its manifold forms can offer a valuable source of energy, chem-
icals, construction materials and high-value functional products. In the context of
organic transformations, the waste material provides an alternative renewable nat-
ural feedstock as well as a good resource to create catalysts. The catalytic system
developed from waste material serves to improve the overall energy and atom effi-
ciency of existing as well as novel chemical processes [60].

In view of these data and in continuation of our research program concerning the
development of catalyst from natural feedstock [61-64], herein, we report first time
bio-waste-derived rind of bael fruit ash (BFA) as a green catalyst for the facile syn-
thesis of biscoumarins and 2-amino-4H-chromenes using aryl aldehyde, 4-hydrox-
ycoumarin and malononitrile via a tandem Knoevenagel-Michael reaction under
aqueous medium (Scheme 1). Bael (Aegle marmelos) is a sacred tree of the Hindus,
origin from India and known from ancient times. It is found growing along foothills
of Himalaya in India. It is also grown in Egyptian gardens in Trinidad and Surinam
as well as other countries [65, 66]. All parts of bael tree are medicinally useful, like
leaves, flower, stem bark, roots, fruits, seeds, etc., and are used extensively in the
Indian traditional system of medicine, the Ayurved [67, 68]. In the literature, it has
been well studied and reported [69] that bael fruit ash contains K and Ca as major
constituents along with host of other trace elements like Mn, Fe, Cu, Zn, Na and

1a-l

Bael Fruit Ash (BFA) 2
(10 wt%)
H,0, RT/ Stirr

Scheme 1 Synthesis of biscoumarin and 2-amino-4H-chromene derivatives using BFA catalyst
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Mg. It is believed that metal oxides, carbonates and hydroxides may act as a pro-
moter to catalyze the reaction.

The BFA catalyst was found to be cost-effective, highly efficient, innocuous, bio-
degradable and renewable resource material, which is an attractive alternative to
other conventional reagents. Recently, bio-waste has been successfully employed
as a catalyst by many researchers in organic transformation [70-72]. Therefore, we
strongly believed that our developed catalytic system is the best and accomplished
with excellent yield for a broad range of substrates that are highly attractive for
industrial applications in the near future.

Experimental
Materials and methods

Except bael fruit rinds, all other chemicals used in the study were purchased from
Sigma-Aldrich and used without any purification. The completion of reaction and
purity of products were checked by TLC on Merck silica gel (60 F254) plates. The
melting points were recorded using DBK programmable melting point apparatus by
capillary methods and uncorrected. FTIR spectrum was recorded in ATR technique
on a Bruker ALPHA FTIR spectrometer. Powder XRD patterns were collected on
the Bruker AXS Analytical Instruments Pvt. Ltd. Germany (Model: D2 phaser
diffractometer) by using Cu Ko radiation (4=1.5406 A) at 10 mA, 30 kV, a scan
step time 0.5 per sec, and a start position 10.0184 and end position 90.00 [2° Th.].
Scanning electron microscope images were obtained on FEI, NOVA, NanoSem 450
equipment. Quanta 200 3D FEI scanning electron microscope was used for energy-
dispersive X-ray spectroscopy analysis. 'H and '*C NMR spectra were recorded
with an Avance 300 instrument in CDCI13 and DMSO as a solvent with TMS as an
internal standard. Chemical shifts (8) are expressed in ppm.

Preparation of BFA catalyst

The dry rinds of bael fruits (Fig. 2a) were obtained from the local area, and species
were authenticated by the department of botany. The collected dry rinds of bael fruit
were washed with distilled water and then dried in the oven at 100 °C. The dried

Fig.2 a Dry bael fruit rinds. b Small pieces of bael. ¢ BFA catalyst
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rinds were manually broken into smaller pieces (Fig. 2b) and then thermally treated
for 2 h at 900 °C in a muffle furnace at a heating rate of 2 °C/min, and this tempera-
ture was maintained till no evolution of smoke, which resulted in fine soft ash. The
resulting solid ash (Fig. 2c) was denominated as bael fruit ash (BFA) catalyst.

Typical procedure for the synthesis of 4-hydroxy-3-((4-hydroxy-2-oxo-2H-chrome
n-3-yl)(4-methoxyphenyl)methyl)-2H-chromen-2-one (3a)

In a 25-mL reaction flask, 4-methoxybenzaldehyde (1.0 mmol, 136 mg), 4-hydrox-
ycoumarin (2.0 mmol, 324 mg), BFA (10 wt%, 13.6 mg) and H,O (3 mL) were
placed. A resulting reaction mixture was stirred at ambient temperature for 15 min.
The progress of the reaction was monitored by TLC (n-hexane/EtOAc, 7:3). After
completion of the reaction, the product 3a was extracted with EtOAc (2% 10 mL)
from the reaction mixture. The combined organic phase was washed with H,O and
dried (Na,SO,), and the solvent was removed under reduced pressure to afford a
crude product. The pure product was obtained in a quantitative yield by recrystal-
lization from 96% EtOH. All other derivatives were synthesized by employing the
same procedure, and their structures were confirmed on the basis of spectral tech-
niques (ESI). The physical and spectroscopic data are in consistent with the pro-
posed structures and are in harmony with the literature values.

Typical procedure for the synthesis
of 2-amino-4,5-dihydro-4-(4-methoxyphenyl)-5-oxopyrano[3,2-c]
chromene-3-carbonitrile (5c)

In a 25-mL reaction flask, 4-methoxybenzaldehyde (1.0 mmol, 136 mg), 4-hydrox-
ycoumarin (1.0 mmol, 162 mg), malononitrile (1.0 mmol, 66 mg), BFA (10 wt%,
13.6 mg) and H,0 (3 mL) were placed. A resulting reaction mixture was stirred
at ambient temperature for 10 min. The progress of the reaction was monitored by
TLC (n-hexane/EtOAc 7:3). After completion of the reaction, the product Sc¢ was
extracted with EtOAc (2x10 mL) from the reaction mixture. The combined organic
phase was washed with H,O and dried (Na,SO,), and the solvent was removed
under reduced pressure to afford a crude product. The pure product was obtained in
a quantitative yield by recrystallization from 96% EtOH. All other derivatives were
synthesized by employing the same procedure, and their structures were confirmed
on the basis of spectral techniques (ESI). The physical and spectroscopic data are
in consistent with the proposed structures and are in harmony with the literature
values.
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Results and discussion
Catalyst characterization

The literature reports of BFA reveal that the presence of metal oxides, carbonates
and hydroxides along with transition elements has been studied and characterized
by using various analytical techniques like EDX, FTIR, XRD and SEM analyses.

Energy-dispersive X-ray spectroscopy (EDX)

The distribution of elements as based on the EDX analysis of the BFA is shown
in Fig. 3. The report reveals the distribution of the oxides of K, Ca, Mn, Fe, Cu,
Zn, Na and Mg. It is believed that oxides of these metals react with reaction
medium water to produce hydroxides, which provides basic sites for tandem Kno-
evenagel-Michael reaction pathway.

X-ray diffraction pattern (XRD)

The X-ray diffraction analysis of the BFA catalyst (Fig. 4) showed the character-
istic peaks of metal oxides and carbonates present in the catalyst. The peaks at
20=126.35, 28.37, 29.70, 30.68, 31.86, 32.99, 33.39, 35.81, 40.55, 41.80, 43.18,
50.17 62.31, 66.23 and 73.75 attributed to metal oxides and carbonates. Another
peaks were also observed at 20=13.38 and 19.40 due to metal hydroxides. The
crystallite size of BFA was found to be 58 nm calculated using the Scherrer equa-
tion. Therefore, this active phase of the BFA catalyst was utilized for the conver-
sion of reactants into the desired products.

1.26K
Weight%

112K OK 4713 68.85
0.98K! NaK 0.03 0.03
084K MgK 1.80 173

KK 38.67 2311
0.70K’ CaK 770 4.49
0.56K MoK 0.76 033

FeK 0387 037
042K

CuK 152 0.56
0.28K ZnK 152 054
0.14K Fe

Mn Mn Fe
0.00K
0.00 0.80 160 240 320 4.00 4.80 5.60 6.40 7.20 8.

Lsec: 30.0 160 Cnts 3.630 keV Det: Octane Elite Plus Det

Fig.3 EDX spectrum of the BFA catalyst
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Fig.4 X-ray diffraction patterns of BFA catalyst

Fourier transform infrared (FTIR) spectroscopy

The FTIR analysis was performed to investigate the functional groups present
in BFA catalyst (Fig. 5). The characteristics absorption bands at 602, 1006, 1499
and 1660 cm™' provide strong revelations about the presence of potassium oxides
(K—O-K stretching), other metal oxides (CaO, MgO) and metal carbonates (C=0
stretching), respectively. Also, the observation of broad and sharp absorption
bands at 3336 cm™! and 3740 cm™! due to the small concentration of the hydroxyl
group (—OH) in the spectrum supports the formation of metal hydroxides due to the
absorption of moisture from the environment.

Scanning electron microscope (SEM)

The apparent morphology of BFA catalyst was examined by SEM analysis and is
shown in Fig. 6. As observed from SEM micrographs, BFA appears porous in nature
which provides a smooth and soft surface area for catalyzing the reaction.

Catalytic performance of BFA catalyst
The catalytic efficiency of BFA was explored in the one-pot three-component reac-
tion, which involves 4-methoxybenzaldehyde and 4-hydroxycoumarin as a model

precursor under different reaction conditions to afford 4-hydroxy-3-((4-hydroxy-
2-0x0-2H-chromen-3-yl)(4-methoxyphenyl)methyl)-2H-chromen-2-one  3a. The
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Fig.5 FTIR of BFA catalyst
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(b) Magnified view

Fig.6 SEM images of BFA catalyst: a normal view, b magnified view

success of the model reaction was examined in various reaction parameters with
BFA (wt%) as a catalyst (Table 1). Initially, the model reaction was examined under
catalyst-free and solvent-free conditions, and after 2 h, the formation of correspond-
ing product was not observed on TLC (Table 1, entry 1).
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Table 1 Optimization of reaction condition for the synthesis of 3a

0 OH
/©)LH 2 di Reaction conditions
MeO 0" ~o
1a 2
Entry Catalyst (Wt%) Solvent (3 mL) Time (min) Yield?® (%)
1 - - 120 Nr®
2 BFA (2) H,0 120 39
3 BFA (5) H,0 60 70 (76)°
4 BFA (10) H,0 15 94
5 BFA (15) H,0 15 94 (94)¢
6 BFA (10) EtOH, 15 94 (93)°
7 BFA (10) THF 60 56 (55, 68)f
8 BFA (10) CHCI, 60 60 (62)2
9 BFA (10) H,0: EtOH (1:1) 15 94
10 WEBFA (3 mL) - 15 94
11 PBF (5) H,0 120 Nr®

Reaction conditions: 4-methoxybenzaldehyde 1a(1 mmol), 4-hydroxycoumarin 2(2 mmol), BFA (wt%)
and H,O (3 mL) at RT

WEBFA water extract of bael fruit ash (pH=12.6)
“Isolated yield

®No reaction

Catalyst amount 7 (wt%)

dCatalyst amount 20 (wt%)

¢iso-PrOH

fDCM, CH,CN

€Toluene

As the reaction requires a catalyst, we examine the effect of BFA catalyst on
this transformation; the model reaction was performed using various amounts
of BFA catalyst (1-20 wt%) in H,O (3 mL) (Table 1, entries 2-5). The results
show that excellent yield (94%) of desired product was obtained in 15 min when
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10 wt% of BFA was employed in 3 mL H,O as a solvent (Table 1, entry 4). As
reaction requires solvent, we also examined model reaction in different conven-
tional organic solvents like EtOH, iso-PrOH, THF, DCM, CH;CN CHCI; and tol-
uene. The results reveal that polar protic and nonpolar solvent afforded moderate
yields (Table 1, entries 6-8), while pure EtOH and H,O/EtOH (1:1) solvent sys-
tem shows equally good results for the present synthesis (Table 1, entry 6 and 9).
Also, we perform model reaction in water extract of bael fruit ash (3 mL) which
shows equally good results after 15 min (Table 1, entry 10). For comparison pur-
poses, we also performed the model reaction in the presence of parent bael fruit
(PBF) powder and it was observed that no product was obtained (Table 1, entry
11) even after 2 h.

To determine the influence of the ashing temperature for preparation of BFA, bael
fruit rinds were thermally treated at different temperatures between 200 and 900 °C
and the resulted ash was tested for the model reaction to produce desired product
(Table 2). The results show that BFA obtained after 900 °C temperature gave better
result than BFA obtained at lower temperatures of thermal treatment (Table 2 entry
5).

By reacting a variety of differently substituted aryl aldehydes (la-l1) with a
4-hydroxycoumarin (2) under optimized reaction conditions, we managed to pre-
pare a range of biscoumarin derivatives (3a-l) and the results are shown in Table 3.
As shown, aryl aldehydes with substituents carrying either electron-withdrawing
or electron-donating groups reacted successfully and gave the expected products in
stipulated time period.

Although we did not investigate reaction mechanism, the proposed mechanism
for the biscoumarins formation is depicted in Scheme 2. The BFA catalyst contain-
ing the mixture of active metal oxides and carbonates along with transition met-
als is responsible for its basicity, which is soluble to some extent in H,O which
provides a number of Lewis basic sites (O, and OH) along with Lewis acid sites
(M?*) for the activation of reactants in the proper direction. At first, the aryl alde-
hyde 1 is activated by Lewis acidic sites of catalyst. The nucleophilic attack of

Table 2 Optimization of ashing

. Entry Ashing temp. (°C) Time (min) Yield (%)*
temperature for preparation of
catalyst 1 Without ashing 120 Nr®
2 200 120 Nt
3 400 120 15
4 600 120 27
5 900 15 94

Reaction conditions: 4-methoxybenzaldehyde 1a (1 mmol),
4-hydroxycoumarin 2 (2 mmol), bael fruit (10 wt%) and H,O (3 mL)
at RT

Isolated yield

®No reaction
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Table 3 BFA-catalyzed synthesis of biscoumarin derivatives (3a-l)

o OH
¢ H B BFA (10 wt%)
R + 2
o~ "o H,0 (3 mL), RT/ Stirr
1a-1 2

[oJye)
3a (15%, 94" 3b (20, 89) 3¢ (20, 89)
0"\ OH

3j (15, 88) 3k (20, 88) 31(15,93)

Reaction conditions: aryl aldehyde 1a-1 (I mmol), 4-hydroxycoumarin 2 (2 mmol), BFA (10 wt%), H,O
(3 mL) at RT

Time in min
“Isolated yield in %
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Scheme 2 Postulated role of BFA catalyst in the formation of biscoumarins (3)

4-hydroxycoumarin 2 on activated aldehyde is followed by elimination of water
molecules to generate Knoevenagel intermediate (I), which is further activated by
Lewis basic and acidic sites of catalyst. The activated intermediate (I) undergoes
Michael addition with second molecule of 4-hydroxycoumarin to afford the targeted
biscoumarin product 3 through tautomerism of intermediate (II). As a result, the
overall effect of our catalyst is a rate enhancement of the reaction.

Next, we identified the recovery and reusability of catalyst which is important for
scaling up practical and industrial applications. A recycling experiment was con-
ducted using the model reaction. After completion of the reaction, the product 3a
was extracted with EtOAc (2x 10 mL) from the reaction mixture. The combined
organic phase was washed with H,O and dried (Na,SO,), as well as the solvent was
removed under reduced pressure to afford a crude product. The recovered aqueous
layer containing BFA catalyst was dried under vacuum and directly used for the next
cycle with fresh reactants in H,0. The result obtained in our experiment (Fig. 7)

Reaction Mixture OMe
(Product + BFA + H,0),

Product extracted
with EtOAc

Aqueous layer
containing BFA Product (3a)

Next run

Vacuum

Run dried

1st gnd 3rd 4th sth

BFA Catalyst

Yield[94 93 92 92 90

Fig.7 Reusability of BFA catalyst
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1.4 u 57563 07357
0.6 = o 18 Mg 1.8299 22905
o P 2.0066 1.9709
1 Ca 72222 54822
g ] /3 5.1333 1.7119
] Te 13.0087 3.1015
0.2 cl 24363 2.0906
As 1.7637 0.7161

0.0

Energy [keV]

Fig. 8 EDX spectrum of recovered BFA catalyst

was confirmed that the BFA could be reused up to fifth run with only negligible loss
of activity. The presence of active metal oxides responsible for its basicity in recy-
cled catalytic system was evidenced by the EDX analysis (Fig. 8), which revealed no
appreciable change in the chemical composition of catalyst even after the fifth cycle.

The successful application of BFA as catalyst in the synthesis of biscoumarins
encouraged us to explore its compatibility in synthesis for 2-amino-4H-chromene
derivatives under optimized reaction conditions, and the results are summa-
rized in Table 4. The results indicate that aldehydes with electron-withdrawing
substituent were found to be suitable for this transformation as the correspond-
ing products were obtained in high yields than aldehyde with electron-donating
substituent.

We compared the efficiency of our method for the synthesis of biscoumarin
3a with other reported works (Table 5, entry 1-6). Each of these methods has
its own advantages, but some of them suffer from disadvantages such as the
employment of expensive catalysts, long reaction time, poor yield and none
from natural sources. So the present method (Table 5, entry 7) furnishes the use
of renewable feedstock, a green reaction medium, biodegradable and reusabil-
ity of catalyst, with a shorter reaction time, while a small quantity of this inex-
pensive and readily available catalyst is sufficient to obtain good yield of the
expected product.
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Table 4 BFA-catalyzed synthesis of 2-amino-4H-chromene derivatives (5a-l)

o OH
R H A CN BFA (10 wt%)
(& + + <
0”0 ¢
1a-l 2 4

N H,O (3 mL), RT/ Stirr

NH, NH,
07X CN 07X CN
ClXC, o
0o~ ~o OH o~ Yo OMe
5b (10, 88) 5¢ (10, 90)

5h (15, 88) 5i (30, 80)

NH, NH,
CN CN

07N 0T
CllCL, oo
o” "o Cl o~ ~o NO,

5 (25, 90) 5Kk (15, 92) 51 (20, 95)

Reaction conditions: aryl aldehyde (1 mmol)la-l, 4-hydroxycoumarin(l mmol)2, malononitrile
(1 mmol)4, BFA (10 wt%), H,0 (3 mL) at RT

Time in min
“Isolated yield in %
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Table 5 Comparison of BFA catalyst with some previously reported catalyst for the synthesis of 3a

Entry Catalyst Reaction condition Time (min) Yield (%) References
1 Ash water extract 1 mL, 80 °C 40 62 [16]

2 FeNi;-ILs 0.003 g, EtOH, reflux 26 73 [17]

3 CuO-CeO, H,O0, reflux 25 90 [18]

4 DBSA 10 wt%, H,0, 40 °C 60 82 [19]

5 Visible light CFL bulb (22 W) 156 89 [73]

6 OBS H,O0, reflux 25 88 [74]

7 BFA 10 wt%, H,0, RT 15 94 [*]

*Present work

Conclusion

In conclusion, we have demonstrated an efficient and green method for the syn-
thesis of biscoumarin and 2-amino-4H-chromene derivatives using BFA in water
under air atmosphere at RT. We utilized bio-waste-derived catalyst that acts as
synergetic material for the tandem Knoevenagel-Michael reaction. This proto-
col avoids chromatographic separation, use of expensive base, toxic solvents and
high temperature. BFA catalyst is ecologically benign which excludes the pos-
sibility of any imminent disposal problem. The ability to scale up the protocol
also makes it a competitive and convenient catalyst for industrially important
organic transformations.
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