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A simple, clean and efficient one-pot three-component
synthesis of multi-functional chromene and xanthene
derivatives has been developed in this study in the
presence of a catalytic amount of Brénsted acidic-type
biosurfactant bilimbi fruit extract (BFE) under ele-
vated temperature condition. BFE is an unprocessed
micellar catalyst that works well in an ethanolic
aqueous medium. Employment of ethanol as a co-
surfactant enhances catalytic performance of BFE as a
biosurfactant. The presence of micelles in the reaction
medium was detected using light microscopy and their
critical micelle concentration was measured by elec-
trical conductivity method. Some new derivatives of
chromene and xanthene are reported here. This novel
catalytic medium obtained from an environmentally
renewable resource is highly advantageous because of
its non-toxicity, higher efficiency, operational simpli-
city, bio-compatibility as well as absence of any
tedious work-up or column chromatography and thus
no waste generation. Here, we also signify the ‘green-
ness and sustainability’ of the present protocol on the
basis of EcoScale metric which validates the practical
application of the synthetic procedure.

Keywords: Bilimbi fruit extract, biosurfactant, green
chemistry, natural catalyst.

THE development of a proactive protocol for chemical
transformations with high efficacy and reduced environ-
mental impact is an important goal in green chemistry
and in future sciences. With reduced environmental im-
pact, young discipline of chemistry, green chemistry,
promotes the use of highly efficient and environmental
benign synthetic procedures to deliver life-saving medi-
cines, and accelerating the guide optimization processes
in drug discovery. In the synthetic organic reactions, sol-
vents handle 80% of the total mass and also in 70% of the
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cases they are just incinerated to recover heat'?. There-
fore, their substitution with more environment-friendly
options can directly have a positive effect on both emission
and hazardous issues’. Hence, it is desirable to use envi-
ronmentally benign water as a safe, abundant, inexpen-
sive and non-toxic solvent instead of organic solvents®.
Due to the same features, accomplishing organic reactions
in water has been explored over the past few decades’ *.

Methods

Nowadays, a viable alternative for the development of
green protocols are biosynthetic processes utilizing bio-
based solvents or catalysts for organic tranformations’.
The advanced and/or newer organic promoters which per-
form well in the aqueous medium will be beneficial in
reaction handling, product selection and purification, im-
proving the reaction rate, and reducing toxic solvent con-
sumption and disposal problems, etc. These are found to
be important from the industrial point of view. Hence-
forth, there is demand for the use of catalyst/media which
works avoiding the hydrophobicity of organic precursors
and reagents, which is satisfied by the use of surfactant
assembled aqueous micelles. Typically, the micellar envi-
ronment has a pronounced effect in enhancing the reac-
tion rate with good efficiency exhibiting environmentally
benign character, which act as ‘nanoreactors’ characte-
rized by exclusive features'® Hitherto, organic transfor-
mations involving surfactants in aqueous media have
received considerable attention from researchers'''?,

All these findings validate the case of a naturally
occurring medium/phase acting as surfactant, known as a
biosurfactant. The surfactants that are directly obtained
from natural sources, viz. plants, animals, or microbial
cells, or by separation procedures such as extraction, pre-
cipitation or distillation are known as biosurfactants.
They have potential industrial applications such as use in
improved oil recovery, lubricants, food processing
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industry, health care and crude oil recovery'". Further-
more, well-known evaluations of the properties of these
natural dispersants in dermal and transdermal drug deli-
very systems, food, and cosmetics and soap preparations
are evolving at a rapid rate'.

Emphasizing the significance of biosurfactants and
extending our continuous enduring efforts to develop
newer and efficient protocols for the synthesis of bioac-
tive heterocycles from readily available raw materials
employing green tools'’, herein we have explored the
synthetic utility of extract of fruits of Averrhoa bilimbi
Linn. in an organic transformation as a catalyst.

According to the literature, tree 4. bilimbi Linn., family
oxalidaceae, is commonly known as bilimbi tree,
cucumber tree, tree sorrel, pickle tree. It is widely culti-
vated throughout the tropical regions for its fruits, which
are commonly known as bilimbi'®. The fruits possess
antibacterial, antiscorbutic, astringent and postpartum
protective properties'”"'®. They can be eaten raw, used in
the preparation of pickles or as a substitute for tamarind.
They are also effective in removing iron rust in metals
and are used for cleaning utensils. Bilimbi fruits are also
utilized in the preparation soft drinks'® and fruits jam?’.

The bilimbi fruit extract (BFE) has high acidity (pH
range 0.9—1.5), which is mainly because of vitamin C and
oxalic acid; oxalic acid has a concentration range 0.86%—
1.032% (w/w)*'. Furthermore, the fruit extract consists of
volatile compounds like aliphatic acids (47.8%) other
than oxalic acid, and significant amount of carbonyl
compounds (20.3%), as well as non-terpenoid alcohols
(7.8%), phenols (3.5%), terpenoids (2.4%) and miscella-
neous compounds (6.5%), according to GC-MS analy-
sis””. In this context, bilimbi fruit juice works as a Brénsted
acidic-type biosurfactant in organic reaction medium.
Hence, we have a better catalytic option compared to
traditional harmful corrosive acids and also chemical sur-
factants for organic transformations.

To the best of our knowledge, there is no report or
study on BFE as a biocatalyst for organic transforma-
tions. Here, we have used BFE for the synthesis of 10,11-
dihydrochromeno[4,3-b]chromene-6,8(7H, 9H)-diones and
1,8-dioxo-octahydroxanthenes.

Results and discussion

We have selected fruits of genus Averrhoa because of
their acidic pH, so as to use their extract as a catalytic
medium. In this regard, fresh, mature and green bilimbi
fruits were collected from the botanical garden of Shivaji
University, Kolhapur, Maharashtra, India. The fruits were
washed with distilled water, cut into small pieces and
then crushed using a mixer-grinder to obtain the extract.
This extract was filtered through cotton/muslin cloth so
as to remove solid material. This clear extract was stored
at 0°-5°C in a refrigerator and used as a catalyst, unless

932

otherwise mentioned. The pH of BFE was measured
using a pH-meter (Equip-Tronics digital Model EQ 610)
and found to be 1.38, which may change according to the
geographical coordinates, seasons, stages in the maturity
of the fruits, etc.

We have chosen the pharmaceutically important chro-
meno[4,3-b]chromene nucleus for synthesis, which basi-
cally has a coumarin core. It is well known that coumarin-
core derivatives are prominent heterocyclic molecules
with a diverse range of biological properties®. The sig-
nificant applications of the coumarin-fused heterocycles
include antitumor?*, antibacterial®’, antifungal%, anticoa-
gulant’’, anti-inflammatory”® and antiviral®®. The literature
survey shows that different catalysts have been reported
in the synthesis of chromeno[4,3-b]chromene derivatives,
viz. [DMDBSI]-2HSO, (ref 30), [, in acetic acid’’,
Fe(DS); (ref. 32), H;BO3;-SDS/H,0 (ref. 33), p-TSA (ref.
34), CuO nanoparticles®, etc. These reported methods
have various drawbacks such as expensive and toxic cata-
lysts, long reaction time, commercial unavailability of
reagents, low yield, tedious work-up or chromatographic
separation, etc. However, there are no reports on the use
of environment-friendly biocatalyst for the preparation of
chromeno[4,3-b]chromenes.

Herein, we report a green protocol for the synthesis of
10,11-dihydrochromeno[4,3-b]chromene-6,8(7H,9H)-dione
through a one-pot three-component reaction between 4-
hydroxycoumarin (1), aromatic aldehydes (2) and dime-
done (3) in a non-toxic ethanolic aqueous medium at 80°C
using a novel BFE as a micellar biocatalyst (Scheme 1).

To obtain the optimized reaction conditions, a 25 ml
round-bottom flask was loaded with 4-hydroxycoumarin
(1; 1.0 mmol), 4-methoxy-benzaldehyde (2; 1.0 mmol),
dimedone (3; 1.0 mmol) at room temperature and then
BFE (1 mL) was added. This model reaction mixture was
stirred, which forms the target product in 6.0 h with trace
yield. Here, by stirring the substrates, with successive in-
crease in the amount of catalyst from 1.0 mL to 5.0 mL
gives the target product 4¢ in low yield consecutively,
even after prolonged reaction time (Table 1, entries 1-5).

To improve the results, the model reactants were
heated at an elevated temperature of 70°C, adding 2 mL
of BFE to this, produced a sticky reaction mixture and
furnished the product 4c (25% yield; Table 1, entry 6),
which was confirmed by TLC. Following this, increasing
the temperature, with more amount of catalyst, was not
found to be effective in increasing the amount of the
product (Table 1, entries 7-10). So, we focused on testi-
fying the solvent effect on the model reaction, hence
reaction treated with 2 mL of water as a solvent, which
found to make the reaction mixture turbid immediately on
addition of BFE, furnished 68% of product yield at the
reflux condition of temperature. While with the ethanol
as a common laboratory solvent, reaction gave 71%
product yield, indicating less increase but within less
time compared with water (Table 1, entries 11 and 12).
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Scheme 1.
[4,3-b]chromene-6,8(7H,9H)-diones.

BFE (3 ml), 80°C

Water:ethanol, 1:1 vv
'3

Biosurfactant bilimbi fruit extract (BFE)-catalysed synthesis of 10,11-dihydrochromeno

Table 1. Optimization of cyclo-condensation reactions between 4-hydroxycoumarin (1), 4-methoxy
benzaldehyde (2¢), dimedone (3)*
Entry BFE (mL) Solvent Temperature (°C) Time (h) Yield® (%)
1 1.0 - RT 6.0 Trace
2 2.0 - RT 4.5 23
3 3.0 - RT 4.5 23
4 4.0 - RT 4.5 26
5 5.0 - RT 4.5 31
6 2.0 - 70 4.0 25
8 2.0 - 80 3.0 37
9 3.0 - 100 2.0 55
10 4.0 - 100 2.0 61
11 2.0 Water Reflux 3.5 68
12 2.0 Ethanol Reflux 3.0 71
13 1.0 Water : ethanol 80 3.5 82
14 2.0 Water : ethanol 80 3.5 85
15 3.0 Water : ethanol® 80 3.0 87,96, 91
16 4.0 Water : ethanol 80 3.0 96
17 5.0 Water : ethanol 80 3.0 91
18 - Water : ethanol 80 4.0 38

"Reactions were performed using 4-hydroxycoumarin (1; 1.0 mmol), 4-methoxybenzaldehyde (2;
1.0 mmol), dimedone (3; 1.0 mmol) and BFE. "Amount of solvent is 2 ml and water : ethanol composition
is 1:1 v/v. “Isolated yield of pure product. ‘Water : ethanol composition is 2:1, 1:1, 1:2 v/v.

Interestingly, using water : ethanol as a solvent mixture at
80°C, gave 96% of the product yield using 3 ml of BFE
in 3.0 h (Table 1, entry 15). On further addition of cata-
lyst, the reaction showed no significant effect with
respect to yield and time in product formation (Table 1,
entries 16 and 17). Hence 3 ml of BFE was considered as
sufficient to successfully catalyse the reaction.

In order to determine the best water : ethanol solvent
proportion, we optimized the model reaction at different
solvent proportions. The results showed that water:
ethanol with 1:1 v/v was the best option (Table 1, entry
15). We also optimized the reaction to verify the best
catalyst : solvent ratio. The results indicated that the cata-
lyst: solvent ratios 3:2 and 4:2, which are above the
critical micelle concentration (CMC) (63% v/v) of BFE,
are best regarding time as well as yield of the product
(Table 1, entries 15 and 16). Moreover, reaction at 80°C
with no catalyst and using water : ethanol as a solvent
gave is low product yield within 4.0 h, emphasizing the
importance of catalytic medium to increase the reaction
rate so as to give the final target product (Table 1, entry
18).
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Thus, on completion of the reaction scrutinized by
TLC with n-hexane : ethyl acetate (6:4) solvent system,
the product obtained 10,11-dimethyl-7-(4-methoxy-
phenyl)-dihydrochromeno[4,3-b]chromene-6,8(7H, 9H)-dione
was separated by filtration. After washing with cold dis-
tilled water and 96% ethanol several times, it is purified
by 96% ethanol. In this way, all other obtained deriva-
tives were characterized by their physical constants and
confirmed using spectral techniques, viz., FTIR, 'H-
NMR, "*C-NMR and EI-MS.

Initially, it was found that immediately after adding
BFE to the reaction mixture with water as the reaction
medium, we obtained a turbid emulsion forming a stable
colloidal dispersion with entities known as micelles, which
were observed using an optical microscope (Figure 1b).
When we added BFE, the water-insoluble components
from the solution moved into the hydrophobic core of the
micelles, where with effective collisions the dehydrative
reaction occurred to form the product. The added ethanol
enhanced the solubility of organic components and also
worked as a co-surfactant in the micellar medium?®. It is
known that ethanol molecules reduce the emulsion size,
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lowering the surface tension of the micelles, which in-
creases surface area by providing bonus steric repulsion®’
(Figure 1 a). This, in due course ultimately assist to pro-
pel the reaction in a proper direction to form the desired
product.

For surfactant solutions, a certain minimum concentra-
tion at which aggregates are formed in solution by
monomers in the surfactant, is known as the critical
micelle concentration, at which there is a drastic variation
in physico-chemical properties such as turbidity, surface
tension, conductivity, etc.’®. Hence, CMC of BFE in
ethanolic aqueous medium (water:ethanol=1:1 v/v)
was determined in this study by electrical conductivity
method and was found to be 63% (Figure 2). And this is
also the optimum concentration of BFE as a catalytic me-
dia, which transformed the reactants to the target product
effectively and efficiently (Table 1, entry 15 and 16). The
reason for this efficient catalysis is not only the acidic
media provided by BFE but the unique micellar media,
too. The micellar media are proved to be effective in de-
hydration reactions”.

To determine the strength of BFE catalyst as an acidic
medium providing synergistic effect to micellar media,
different natural surfactants obtained from some acidic
fruits and commercially available chemical surfactant
sodium dodecyl sulphate (SDS) in the presence of oxalic
acid as catalyst were explored for their catalytic activity
in the present protocol. The obtained results are given in
Table 2 and compared with BFE. On comparing with
various natural and commercial surfactants, the biosur-
factant obtained from BFE was the best considering time
and yield of the product (Table 2, entry 1), which empha-
sizes the role of BFE as a catalyst providing, viz. strong
Brénsted acidity also acting as a surfactant in a given
reaction medium to promote the given protocol. As pH of
the biosurfactants used increases (Table 2, entries 1-7),
there is marked decrease in the yield of the product,
which confirms that the reaction is in competence to the
acidity of the catalytic promoter, among which BFE
works best under the said conditions.
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Figure 1. a, Pictorial representation displaying formation of micelles
in ethanolic aqueous solution. b, Optical photomicrograph of model
reaction mixture in magnified view.
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Table 2 (entries 8—12) also shows results of the control
study of commercial chemical surfactant SDS with oxalic
acid as a catalytic medium, mimicking the BFE environ-
ment. At first, by adding only aqueous surfactant SDS
solution to the model reaction, it proceeded sluggishly to
give a low product yield (Table 2, entry 8). However,
with the addition of oxalic acid to the micellar SDS-H,O
reaction medium, it prominently yielded 41% of product
within 4.5 h (Table 2, entry 9). This indicates that it is
necessary to have a medium with acidic pH to successive-
ly carry out the reaction. So, the amount of SDS-H,0 and
oxalic acid was increased, which resulted in a marginal
increase in the product yield (Table 2, entry 10). Thus, by
changing the ratio of surfactant: acid (Table 2, entries 11
and 12), there was noticeable increase in the product
yield in comparatively less time. These test results predict
that the product formation is not only affected by the
presence of acid in the micellar medium but also by
the ratio of surfactant:acid. Thus, we conclude that the
presence of acidic medium provides synergistic effect to
the micellar medium of reaction for the present protocol.

Extending the scope and verifying the limitations of
BFE as a catalytic medium, from the results of the opti-
mized reaction conditions (using water: ethanol as a
solvent system and 3 ml catalyst loading of BFE at 80°C),
10,10-dimethyl-7-(4-aryl)-10,11-dihydrochromeno[4,3-b]-
chromene-6,8(7H, 9H)-dione derivatives were synthe-
sized (Table 3, 4a—40). This multi-component method can
be used for electron-donating and electron-withdrawing
groups possessing aromatic aldehydes. The heterocyclic
aldehydes work well under the given optimized condi-
tions. Here, all the three-component reactions were com-
pleted within 2.0-3.5 h to obtain good to excellent yields
of the products. The work-up procedure for most of
the reactions was only to filter and wash the obtained

Specific conductance (mS cm™)
T

0 T T T T T T T T T T
0 10 20 30 40 50 60 70 80 9 100 110

Composition of BFE (% v/v)

Figure 2. Plot showing critical micelle concentration (CMC) of
bilimbi fruit extract (BFE) extract in water : ethanol media using elec-
trical conductivity method.
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Table 2.

Comparison of efficiency of different biosurfactants® and commercial surfactant® sodium

dodecyl sulphate (SDS) for 10,11-dihydrochromeno([4,3-b]chromene-6,8(7H,9H)-dione synthesis

Entry Surfactant pH Time (h) Yield® (%)
1 Bilimbi extract 1.38 3.0 96
2 Starfruit extract 2.76 3.25 75
3 Lime extract 2.40 3.0 76
4 Lemon extract 2.30 3.0 78
5 Pineapple extract 3.71 4.0 61
6 Orange extract 3.51 3.5 65
7 Grapefruit extract 3.38 3.5 65
8 SDS-H,0 (2 ml) 7.08 7.0 33
9 SDS-H,0 (1 ml) + oxalic acid (1 ml) 2.01 4.5 41

10 SDS-H,0 (2 ml) + oxalic acid (2 ml) 2.01 4.5 47

11 SDS-H,0 (3 ml) + oxalic acid (2 ml) 2.01 3.0 71

12 SDS-H,0 (4 ml) + oxalic acid (3 ml) 2.01 2.5 78

"Reaction conditions: 4-hydroxycoumarin (1; 0 mmol), 4-methoxybenzaldehyde (2; 1.0 mmol), dimedone
(3; 1.0 mmol), biosurfactant (3 ml), water : ethanol (1: 1 v/v, 2 ml), 80°C temperature. "Reaction condi-
tions: 4-hydroxycoumarin (1; 1.0 mmol), 4-methoxybenzaldehyde (2; 1.0 mmol), dimedone (3; 1.0 mmol),
aqueous SDS solution (0.1 g/ml of H,0), oxalic acid (1 N), 80°C temperature. ‘Isolated yield of pure

product.
R
CHO o]
A BFE (3 ml), 80°C
+ 2 -
R/ > HyC s Water:ethanol (1:1 vv) 5 &,
HsC HsC CH,
29 3 S(a-q)
Scheme 2. BEF-catalysed 1,8-dioxo-octahydroxanthene synthesis.

derivative with cold distilled water and 96% ethanol to
get the isolated product. The purification of obtained
products was done by recrystallization using 96% etha-
nol.

The synthesis of 1,8-dioxo-octahydroxanthenes is
possible by replacing 4-hydroxycoumarin by dimedone
(Scheme 2). We found that, this reaction also worked
efficiently with the biosurfactant in the Brénsted acidic-
type catalytic system (Table 4).

Xanthenes are another class of fused heterocycles
having considerable interest due to their widespread and
important biological properties**’, e.g. anti-cancer’®. A
number of catalysts have been reported for the synthesis
of xanthene compounds employing various methodolo-
gies*®*. However, these methods have certain disadvan-
tages, specifically use of higher catalyst loading, long
reaction time, hazardous acidic or basic environment and
a narrow range of xanthene derivatives.

Scheme 3 shows the plausible reaction mechanism.
Under ambient reaction conditions, in an ethanolic
aqueous solution, surfactant molecules from BFE may get
aggregated with the hydrophobic tail and hydrophilic
head to form micelles. The hydrophobic reactants, i.c.
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aldehyde (1) and enolic form of dimedone (2’) in the
acidic medium of BFE, repelled by polar water mole-
cules, move inside the lipophilic centre of the micellar
structure where effective collisions takes place, releasing
water molecules by Knoevenagel condensation, which are
repelled out to the hydrophilic surroundings, so as to
form the corresponding product (II). This Knoevenagel
product (II) was further reacted with 4-hydroxycoumarin
(3) in the Michael addition manner forming the desired
product (4) after cyclo-dehydration.

Post-experimental analysis

If we design and execute a process as green, then we need
metrics to measure greenness. In order to determine the
greenest procedure used in a given synthesis, we analysed
green factors like EcoScale, e-factor and reaction mass
efficiency (RME) for the synthesis of chromeno[4,3-
b]chromene and 1,8-dioxo-octahydroxanthene derivatives
(4¢) and (5a). The EcoScale score for the present proto-
col, by any valid penalty points, is assessed to maximum
value of 100. The penalty points considered for this
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Table 3. Biosurfactant BFE-catalysed 10,11-dihydrochromeno[4,3-b]chromene-6,8(7H,9H)-diones synthesis®

Sr. no. Aromatic aldehyde Product Time (h) Yield® (%)

CHO

1 ©/ 3.0 88
CHO
2 /©/ 25 89
HO
CHO
3 /O/ 3.0 95
HyCO
CHO
4 /@/ 25 92
Cl
CHO
5 C{ 25 90
Cl
CHO
6 /Q/ 2.25 89
HO’
OCH3
CHO
7 /©/ 3.0 92
ON
CHO
8 C[ 3.25 91
NO,
(Contd)
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Table 3. (Contd)

Sr. no. Aromatic aldehyde Product Time (h) Yield® (%)

CHO
9 Hacﬁ

3.0 90
CH3
CHO
10 @[ 2.25 90
OH
HsC
OCH3
CHg
CHO
11 2.5 88
HaC CHj
CHO
12 /Q/ 2.5 89
HO
OCzHs
CHO
13 MO, /©/ 2.0 90
CHy
14 @ 2.0 88
CHO
S
15 ®\ 2.5 87
o CHO

“Reaction conditions: 4-hydroxycoumarin (1; 1.0 mmol), aromatic aldehydes (2; 1.0 mmol), dimedone (3; 1.0 mmol), BFE (3.0 ml) in water:
ethanol (1:1 v/v, 2 ml) medium at 80°C. ®Isolated yield of pure product.
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Table 4. Biosurfactant BFE-catalysed cyclo-condensation of dimedone and aromatic aldehydes®

Sr. no. Aldehyde Product Time (h) Yield® (%)

CHO

Q

35 96
HsCO
CHO
2 /©/ 3.0 94
HO’
CHO
3 ©/ 4.0 94
CHO
4 /©/ 35 95
Cl
CHO
5 C{ 4.0 97
Cl
CHO
6 /(;/ 3.0 92
HO'
OCH;
CHO
ON
CHO
8 ©i 4.0 95
NO,
\ CHO
9 O/v 3.0 90
(Contd)
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Table 4. (Contd)

Sr. no. Aldehyde Product Time (h) Yield® (%)
H;C\N/CHa
CHO
10 Hac\NQ/ 3.0 91
|
CH3.
CHO
11 /O/ 35 91
HaC
CHO
12 4.0 88
CHO
13 4.0 89
CHO
14 /@i 3.5 92
Cl Cl
H;CO. CHO
15 35 85
H3CO
OCHj
16 @CHO 4.0 91
[0}
17 ®\ 3.0 92
s CHO

HaC.

HaC

“Reaction conditions: All reactions were performed by stirring aromatic aldehyde (1; 1.0 mmol), dimedone (3; 2.0 mmol) and BFE (3 ml) in
water : ethanol (1:1 v/v, 2 ml) at 80°C. *Isolated yield of a pure product based on aldehyde.

CURRENT SCIENCE, VOL. 118, NO. 6, 25 MARCH 2020 939



RESEARCH ARTICLES

H,0 H,0 H,0 H,0 fhi
Q?%@f???/g POl o 1o
@gz e N R L
2 H,0
H,0 Og{ ({ Cg(%%) \O H,0 O{@/ ({ é&&é@o
B9 s H,0 5O no
lMichaeI
Addition
H,0 H,0 - H,0 H,0 B0
) H,0
zOuo QC{%@???P 8@ - o O@%ﬁ%‘%ﬁ% 0 o
oy O o ) Zhe
% _:% % ) o Eé%u,o
H,0 5= =0 HO H,Qg= Rl o
uzon X @{ C{ Cé%&k;o u,o @/ C{ ééé%%o
H,0 H,0 H,0 H,0 H,0
Scheme 3. Proposed reaction mechanism between dimedone (1), aldehyde (2) and 4-hydroxycoumarin

(3) catalysed by Brénsted acidic-type biosurfactant BFE.

Table 5. Calculation of EcoScale green parameter for the synthesis of compounds 4¢ and 5a

Entry Parameters Penalty points

1 Yield 100-95 (yield of 4c¢)/2 2.5

2 Price of reaction components <uUs$ 10 00

3 Safety Safety 00

4 Technical set-up Common set-up 00

5 Temperature/time Heating >1 h 03

6 Workup and purification Crystallization and filtration 01
Total 6.5

EcoScale=100 — sum of individual penalties = 100-6.5 = 93.5.

protocol are given in Table 5 and work-up involves
no manipulations in the order given by reported
methods®*".

As demonstrated in Table 6, the present protocol is the
greenest among the methods reported in the literature in
reference to green environmental parameters in the
preparation of 10,11-dihydrochromeno[4,3-b]chromene-
6,8(7H, 9H)-dione (4c¢) and 1,8-dioxo-octahydroxanthene
(5a) derivatives. The results show that this method is
with good combination between RME, e-factor and
EcoScale, provides a cleaner and greener synthetic pro-
cedure than other reported methods.

Experiments

The HPLC-Q-TOF-MS/MS was carried out using an
Agilent 1290 LC system coupled to column Q-TOF-MS

940

with dual ESI source. The specific conductivity was
measured (EQUIP-TRONICS conductivity meter model
NO EQ-660A). IR spectra were measured (Bruker
ALPHAFT-IR spectrophotometer) using KBr pellets in
Vinax (cm’l). TLC was performed (Merck silicagel60 F,s4
plates) and all melting points, mentioned uncorrected,
were measured on DBK programmable melting point
apparatus. The 'H-NMR and "C-NMR spectra were
measured (Bruker AVANCE spectrometer) using CDCl;
and DMSO-ds as solvents. The chemical shifts were
noted in J parts per million (ppm) with tetramethylsilane
(TMS) as a internal reference. The elemental analyses of
C, H, and N was also performed (Carl Erba EA 1108).

Optical microscopy measurements: On an ordinary
compound microscope, a drop of turbid reaction mixture
was scrutinized under 100 x magnification.

CURRENT SCIENCE, VOL. 118, NO. 6, 25 MARCH 2020
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Table 6. Comparison of various parameters of green chemistry for the present method® and other reported methods

Reaction conditions

Temperature Time Yield
Product Catalyst Solvent (ml) (°C) (min/h) (%) RME”  e-factor®  EcoScale®  Reference
4c H;BO;, SDS H,O 70-80 6.0h 85 78.71 0.168 89.5 33
4c Fe(DS); H,O 70 2.5h 80 74.20 0.237 86.0 32
4c [DMDBSI]-2HSO4 H,O Reflux 3.0h 89 82.15 0.119 81.5 30
4c BFE* EtOH + H,0 80 30h 95 87.32 0.050 93.5 -
5a MgSO, MeOH Reflux 1-2h 80 73.32 0.246 81.0 50
5a NaHSO0,-SiO, MeCN Reflux 6.5h 95 87.14 0.048 79.5 49
Silica chloride 6.0 h
5a [TMPSA]JHSO, (TSILs) H,O Reflux 2.0h 93 85.33 0.070 92.5 51
5a Todine i-Propanol 70-80 17 min 90 82.57 0.135 92.0 48
5a BFE* EtOH + H,0 80 35h 96 87.14 0.048 94.0 -

Mathematical equations of green parameters used for calculation: “RME = Mass of product/sum of mass of reactants x 100; Pe-factor = Mass of

total waste/mass of product; “EcoScale = 100 — sum of individual penalties.

®

Figure 3.

Preparation of fruit extract: Fresh and mature bilimbi
fruits were obtained from the botanical garden, at Shivaji
University, Kolhapur. They were cut into small pieces by
a knife and pressed with the help of domestic pressure to
get a turbid extract. This was filtered using a muslin cloth
to obtain a clean, white turbid extract (Figure 3). This
extract was stored at 0°-5°C and found to be stable for
several days.

General procedure for the synthesis of 10,11-dihydro-
chromeno[4,3-b]chromene-6,8(7H, YH)-dione  (Scheme
1): To a 25ml round-bottom flask was added 4-
hydroxycoumarin (1; 1.0 mmol, 0.162 g) aldehyde (2a—
20; 1.0 mmol), dimedone (3; 1.0 mmol, 0.140 g) and BFE
catalyst (3 ml) in water : ethanol (1:1 v/v, 2 ml). This
reaction mixture was kept in a pre-heated oil bath main-
tained at 80°C and stirred. The formation of the product
was examined using TLC with solvent system of
n-hexane : ethyl acetate (6:4). After completion of the
reaction, to remove the catalyst, solid product was
washed with distilled water (5 ml). Further purification of
the products was carried out by recrystallization with
ethanol (96%). The identification of synthesized com-
pounds was confirmed by FTIR, 'H-NMR, *C-NMR and
EI-MS spectral analyses.
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a, Bilimbi fruits; b, bilimbi slices; ¢, BFE.

General procedure for the synthesis of 1,8-dioxo-
octahydroxanthenes (Scheme 2): The reaction mixture
of an aldehyde (2a-2q; 1.0 mmol), dimedone (3;
2.0 mmol) and BFE catalyst (3 ml) in water : ethanol
(1:1v/v, 2 ml) was taken in a 25 ml round-bottom flask
and heated in an oil bath maintained at 80°C till comple-
tion of the reaction. This was monitored by TLC, which
showed a single spot for the product for most of the
synthesized derivatives, with the solvent system of n-
hexane : ethyl acetate (7:3). Then the reaction mixture
was cooled to room temperature, the obtained product
was filtered and washed with distilled water. The product
was recrystallized with 96% ethanol, if necessary.

The analytical details of the newly synthesized com-
pounds are provided below.

7-(4-isopropylphenyl)-10,10-dimethyl-10,11-dihyrochro-
meno[4,3-b]chromene-6,8(7H, 9H)-dione (4i): m.p. 248°—
250°C (EtOH); IR(KBr) e cm ' 2991, 1709, 1657,
1602, 1488, 1353, 1187, 1095, 1017, 894, 765. '"H-NMR
(DMSO-ds, 300 MHz): §1.07 (s, 3H, —CH3), 1.12 (s, 3H,
—CH3), 2.18 (d, 1H, —CH), 2.34 (d, 1H, —-CH), 2.71-2.81
(m, 2H, —CH), 4.63 (s, 1H, —CH), 7.03 (d, 2H, Ar-H),
7.15 (d, 2H, Ar-H), 7.47 (m, 2H, Ar-H), 7.68 (t, 1H, Ar-
H), 7.93 (d, 1H, Ar-H); *C-NMR (DMSO-ds, 300 MHz):
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d 26.8 (C-1), 27.5 (C-2), 29.3 (C-3), 30.4 (C-4), 34.8
(C-5), 33.5 (C-6), 49.5 (C-7), 104.9 (C-8), 113.8 (C-9),
117.7 (C-10), 121.0 (C-11), 123.4 (C-12), 125.1 (C-13),
125.9 (C-14), 126.5 (C-15), 128.8 (C-16), 139.0 (C-17),
145.8 (C-18), 151.2 (C-19), 154.9 (C-20), 160.2 (C-21),
162.8 (C-22), 197.0 (C-23); MS (EI) m/z: 415.0834
[M+1]"; Anal calculated for C,7;H,604: C, 78.24; H, 6.32.
Found: C, 78.37; H, 6.41.

7-(2-hydroxy,3-methoxyphenyl)-10,10-dimethyl-10,11-di-

hyrochromeno[4,3-b]chromene-6,8(7H,9H)-dione  (4j):
m.p. 264°-266°C (EtOH); IR(KBr) & cm ': 3446,
2987, 1718, 1667, 1610, 1518, 1358, 1270, 1184, 1037,
868, 786. '"H-NMR (DMSO-dg, 300 MHz): §1.07 (s, 3 H,
—CH3), 1.11 (s, 3H, —CH3), 2.19 (d, 1H, —CH), 2.36 (d,
1H, —-CH), 2.78 (s, 2H, —-CH2), 3.71 (s, 3H, —-OCH3), 4.68
(s, 1H, —=CH), 6.61 (d, 1H, Ar-H), 6.67 (d, 1H, Ar-H),
6.83 (d, 1H, Ar-H), 7.45-7.49 (m, 2H), 7.71 (t, 1H, Ar-
H), 7.91 (d, 1H, Ar-H), 8.97 (s, 1H, —OH); “C-NMR

(DMSO-dq, 300 MHz): 526.3 (C-1), 28.4 (C-2), 31.7 (C-
3), 32.6 (C-4), 49.7 (C-5), 56.0 (C-6), 105.9 (C-7), 114.5
(C-8), 116.9 (C-9), 117.4 (C-10), 121.3 (C-11), 121.9
(C-12), 123.8 (C-13), 124.7 (C-14), 125.6 (C-15), 126.5
(C-16), 128.4 (C-17), 145.3 (C-18), 150.9 (C-19), 151.8
(C-20), 155.8 (C-21), 160.4 (C-22), 162.5 (C-23), 196.6
(C-24); MS (EI) m/z: 403.1763[M+1]"; Anal. calculated for
C,sH,,04: C, 71.76; H, 5.30, Found: C, 71.63; H, 5.36.

7-(2,4,6-trimethylphenyl)-10,10-dimethyl-10,11-dihyro-

chromeno[4,3-b]chromene-6,8(7H, 9H)-dione (4k): m.p.
264°-266°C (EtOH); IR(KBr) &g, cm ': 2993, 1713,
1662, 1608, 1514, 1361, 1272, 1181, 1033, 863, 779.
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'H-NMR (DMSO-ds, 300 MHz): & 1.02 (s, 3 H, —CH3),
1.10 (s, 3 H, —CH3), 2.20 (d, 1H, —CH), 2.34 (d, 1H,
—CH), 2.76 (s, 2H, —CH2), 3.70 (s, 3H, —CH3), 4.61 (s,
1H, —CH), 6.61 (d, 1H, Ar—H), 6.64 (d, 1H, Ar-H), 6.81
(d, 1H, Ar-H), 7.43-7.48 (m, 2H, Ar-H), 7.69 (t, 1H, Ar—
H), 7.92 (d, 1H, Ar-H); *C-NMR (DMSO-d,, 300 MHz):

Jd 19.5 (C-1), 21.6 (C-2), 31.4 (C-3), 26.9 (C-4), 28.0
(C-5), 43.2 (C-6), 50.6 (C-7), 105 (C-8), 116.2 (C-9),
117.0 (C-10), 121.1 (C-11), 125.5 (C-12), 126.1 (C-13),
127.5 (C-14), 128.2 (C-15), 130.6 (C-16), 135.8 (C-17),
136.5 (C-18), 150.0 (C-19), 155.5 (C-20), 160.8 (C-21),
163.3 (C-22), 196.0 (C-23); MS (EI) m/z: 415.1225
[M+1]"; Anal. calculated for C,;H,04: C, 78.24; H, 6.32.
Found: C, 78.29; H, 6.19.

7-(3-ethoxy,  4-hydroxyphenyl)-10,10-dimethyl-10,11-
dihyrochromeno[4,3-b]chromene-6,8(7H,9H)-dione (41):
m.p. 235-237°C (EtOH); IR(KBr) 6ex cm ' 3434, 2993,
1713, 1662, 1608, 1514, 1361, 1272, 1181, 1033, 863,

779. '"H-NMR (DMSO-ds, 300 MHz): & 1.02 (s, 3 H,
—CH3), 1.11 (s, 3 H, —CH3), 1.19 (s, 3 H, —CH3), 2.20 (d,
1H, ~CH), 2.34 (d,1H, —CH), 2.76 (s, 2H, —-CH2), 3.70 (s,
3H, —CH3), 4.61 (s, 1H, —CH3), 6.61 (d, 1H, Ar—H), 6.64
(d, 1H, Ar-H), 6.81 (d, 1H, Ar-H), 7.43-7.48 (m, 2H,
Ar-H), 7.69 (t, 1H, Ar-H), 7.92 (d, 1H, Ar—H), 8.88 (s, 1
H); "C-NMR (DMSO-ds, 300 MHz): & 14.6 (C-1), 26.5
(C-2), 28.5 (C-3), 31.9 (C-4), 32.2 (C-5), 50.0 (C-6), 63.9
(C-7), 106.1 (C-8), 113.1 (C-9), 113.9 (C-10), 114.4
(C-11), 115.2 (C-12), 116.4 (C-13), 120.5 (C-14), 122.5
(C-15), 124.6 (C-16), 132.6 (C-17), 133.7 (C-18), 145.8
(C-19), 146.0 (C-20), 151.8 (C-21), 153.2 (C-22), 159.9
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(C-23), 162.3 (C-24), 195.9 (C-25); MS (EI) m/z:
432.3481[M']; Anal. calculated for C,sH,40¢: C, 72.21;
H, 5.59, Found: C, 72.10; H, 5.47.

7-(4-(dimethylamino)phenyl)-10,10-dimethyl-10,11-dihyro-
chromeno[4,3-b]chromene-6,8(7H, 9H)-dione (4m): m.p.
216°-218°C (EtOH); IR(KBr) oma cm ': 2951, 1726,

4\N/4

1663, 1606, 1497, 1468, 1363, 1312, 1250, 1183, 1167,
1140, 1033, 893, 764. '"H-NMR (DMSO-ds, 300 MHz): &
1.14 (s, 3H, —CH3), 1.17 (s, 3 H, —CH3), 2.21 (m, 2 H,
—CH2), 2.39 (m, 2 H, -CH2), 4.85 (s, 1 H, -CH), 7.43 (d,
2H, Ar-H), 7.55 (m, 2H, Ar-H), 7.79 (t, 1H, Ar-H); 7.98
(d, 1H, Ar-H); “C-NMR (DMSO-ds, 300 MHz): & 26.2
(C-1), 28.2 (C-2), 29.1 (C-3), 31.0 (C-4), 32.3 (C-5), 49.5
(C-6), 105.0 (C-7), 114.1 (C-8), 115.2 (C-9), 117.4 (C-
10), 121.8 (C-11), 125.3 (C-12), 125.9 (C-13), 128.2
(C-14), 131.9 (C-15), 132.2 (C-16), 136.8 (C-17), 150.1
(C-18), 155.8 (C-19), 159.1 (C-20), 162.0 (C-21), 195.9
(C-22); MS (EI) m/z: 415.4322[M"]; Anal. calculated for
C5H,sNOy: C, 75.16; H, 6.06; N, 3.37, Found: C, 75.09;
H, 5.84; N, 3.26.

7-(furan-2-yl)-10,10-dimethyl-10,11-dihyrochromeno[4,3-

b]chromene-6,8(7H, 9H)-dione (40): m.p. 193°-195°C
(EtOH); IR (KBr) dmaccm = 3023, 1758, 1668, 1608,
1554, 1458, 1352, 1168, 1105, 1036, 871, 769. '"H-NMR
(DMSO-ds, 300 MHz): 61.18 (s, 3H, —CH3), 1.61 (s, 3H,

—CH3), 2.14 (d, J=16.4 Hz, 1H, —CH,), 2.22 (d, 1H,
—CH,), 2.69 (d, 1H, =CH), 2.74 (d, 1H, =CH), 4.93
(s, 1H, —CH), 6.95 (d, 2H, Ar-H), 7.13 (d, 2H, Ar—H),
7.55 (m, 2H, Ar-H), 7.63 (dd, 1H, Ar-H), 7.92 (dd, 1H,
Ar-H); “C-NMR (DMSO-ds, 300 MHz): &§ 26.8 (C-1),
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27.1 (C-2), 31.6 (C-3), 32.3 (C-4), 49.8 (C-5), 105.6 (C-
6), 113.4 (C-7), 114.5 (C-8), 115.0 (C-9), 115.3 (C-10),
116.3 (C-11), 125.4 (C-12), 126.5 (C-13), 128.8 (C-14),
145.5 (C-15), 152.1 (C-16), 153.2 (C-17), 154.1 (C-18),
160.5 (C-19), 163.8 (C-20), 196.3 (C-21); MS (EI) m/z:
362.1239[M']; Anal. calculated for C,,H;30s: C, 72.92;
H, 5.01, Found: C, 72.71; H, 4.90.

9-(naphthalen-1-yl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-hexa-
hydro-1H-xanthene-1,8(2H)-dione (Sm): m.p. 194°-
197°C (EtOH); IR (KBr) 0mex cm ' 3165, 2880, 1632,
1609, 1415, 1398, 1112, 769, 740; 'H-NMR (CDCl;,
300 MHz): 6 1.09 (s, 6H, 2x-CH3), 1.12 (s, 6H, 2x
—CH3), 1.75 (dd, 2H, —CH2), 1.78 (dd, 2H, —-CH2), 2.86

(dd, 2H, —~CH2), 2.89 (dd, 2H, ~CH2), 4.42 (s, 1H, -CH),
7.10 (m, 1H, Ar—H), 7.19 (m, 1H, Ar-H), 7.29 (m, 1H,
Ar-H), 7.31 (m, 1H, Ar—H), 7.51 (m, 1H, Ar—H), 7.64
(m, 1H, Ar-H), 7.77 (m, 1H, Ar-H); C-NMR (CDCl;,
300 MHz): ¢ 27.5 (C-1), 29.4 (C-2), 31.6 (C-3), 32.9
(C-4), 41.6 (C-5), 51.6 (C-6), 113.9 (C-7), 124.2 (C-B),
124.3 (C-9), 125.6 (C-10), 125.8 (C-11), 126.5 (C-12),
126.9 (C-13), 128.6 (C-14), 132.6 (C-15), 133.5 (C-16),
134.0 (C-17), 155.1 (C-18), 194.6 (C-19); MS (EI) m/z:
400.1263[M']; Anal. calculated for C,7H,50;: C, 80.97;
H, 7.05, Found: C, 80.78; H, 6.94.

Conclusion

We have developed a simple, efficient and green proce-
dure for the synthesis of chromeno[4,3-b]chromenes and
1,8-dioxo-octahydroxanthenes using a bio-based natural
biosurfactant, BFE. Use of the cost-effective, micellar
catalyst obtained from renewable resource utilized in or-
ganic synthesis, which shows the formation of the prod-
ucts with better yield with no tedious chromatographic
separation within reasonable time having operational
simplicity is the main scope of this protocol. The present
procedure customs ethanolic aqueous media to run the
reaction which works as a better alternative to other
volatile, toxic organic solvents and is the obvious advan-
tage of this method. The sustainability of the present
green protocol has also been reviewed by the EcoScale
method.

943



RESEARCH ARTICLES

Conflict of interest:

The authors declare that there is no

conflict of interest.

1.

10.

11.

12.

13.

14.

15.

944

Jiminez-Gonzales, C., Curzons, A. D., Constable, D. J. C. and
Cunningham, V. L., Cradle-to-gate life cycle inventory and
assessment of pharmaceutical compounds. Int. J. Life Cycle
Assess., 2004,9, 114-121.

Sheldon, R. A., The E-factor: fifteen years on. Green Chem.,
2007, 9, 1273-1283.

Capello, C., Fischer, U. and Hungerbiihler, K., What is a green
solvent? A comprehensive framework for the environmental as-
sessment of solvents. Green Chem., 2007, 9, 927-934.

MacMillan, D. S., Murray, J., Sneddon, H. F., Jamieson, C. and
Watson, A. J. B., Replacement of dichloromethane within chroma-
tographic purification: a guide to alternative solvents. Green
Chem., 2012, 14, 3016-3019.

Breslow, R., Hydrophobic effects on simple organic reactions in
water. Acc. Chem. Res., 1991, 24, 159-164.

Engberts, J. B. F. N. and Blandamer, M. J., Understanding organic
reactions in water: from hydrophobic encounters to surfactant
aggregates. Chem. Commun., 2001, 1701-1708.

Kobayashi, S. and Manabe, K., Green Lewis acid catalysis in
organic synthesis. Pure Appl. Chem., 2000, 72, 1373-1380.
Lindstrom, U. M., Stereoselective organic reactions in water.
Chem. Rev., 2002, 102, 2751-2772.

Alonso, D. M., Bond, J. Q. and Dumesic, J. A., Catalytic conver-
sion of biomass to biofuels. Green Chem., 2010, 12, 1493-1513;
Gu, Y. and Jérome, F., Bio-based solvents: an emerging genera-
tion of fluids for the design of eco-efficient processes in catalysis
and organic chemistry. Chem. Soc. Rev., 2013, 42(24), 9550-
9570; Sun, S., Bai, R. and Gu, Y., From waste biomass to solid
support: lignosulfonate as a cost effective and renewable support-
ing material for catalysis. Chem. — Eur. J., 2014, 20(2), 549-558.
Desai, J. and Banat, 1., Microbial production of surfactants and
their commercial potential. Microbiol. Mol. Biol. Rev., 1997, 61,
47-64; Fiechter, A., Bio-surfactants moving towards industrial
applications. Trends Biotechnol., 1992, 10, 208-217; Finnerty,
W., Biosurfactants in environmental biotechnology. Curr. Opin.
Biotechnol., 1994, 5(3), 291-295.

Sorrenti, A., Illa, O. and Ortuilo, R. M., Amphiphiles in aqueous
solution: well beyond a soap bubble. Chem. Soc. Rev., 2013, 42,
8200-8219.

Manabe, K., Mori, Y. and Kobayashi, S. A., Brensted acid—
surfactant-combined catalyst for Mannich-type reactions of
aldehydes, amines, and silyl enolates in water. Synlett, 1999,
1401-1402; Manabe, K. and Kobayashi, S., Mannich-type reac-
tions of aldehydes, amines, and ketones in a colloidal dispersion
system created by a Brensted acid—surfactant-combined catalyst in
water. Org. Lett., 1999, 1(12), 1965-1967; Manabe, K., Mori, Y.,
Wakabayashi, T., Nagayama, S. and Kobayashi, S., Organic syn-
thesis inside particles in water: Lewis acid—surfactant combined
catalysts for organic reactions in water using colloidal dispersions
as reaction media. J. Am. Chem. Soc., 2000, 122(30), 7202-7207.
Makkar, R. and Cameotra, S., An update on the use of unconven-
tional substrates for biosurfactant production and their new appli-
cations. Appl. Microbiol. Biotechnol., 2002, 58(4), 428—434; Itoh,
S., Fat Sci. Technol., 1987, 89, 470-472; Brown, M., Biosurfac-
tants for cosmetic applications. Int. J. Cosmet. Sci., 1991, 13,
61-64.

Volkering, F., Breure, A. M. and Rulkens, W. H., Microbiological
aspects of surfactant use for biological soil remediation. Biode-
gradation, 1998, 8, 401-417.

Shinde, S. K., Patil, M. U., Damate, S. A. and Patil, S. S., Syner-
getic effects of naturally sourced metal oxides in organic synthe-
sis: a greener approach for the synthesis of pyrano[2,3-c]pyrazoles
and pyrazolyl-4H-chromenes. Res. Chem. Intermed., 2018, 44(3),
1775; Patil, S. S., Jadhav, S. D. and Deshmukh, M. B., Calcined

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

eggshell (CES): an efficient natural catalyst for Knoevenagel con-
densation under aqueous condition. J. Chem. Sci., 2013, 125, 851—
857; Deshmukh, M. B., Patil, S. S., Jadhav, S. D. and Pawar,
P. B., Green approach for Knoevenagel condensation of aromatic
aldehydes with active methylene group. Synth. Commun., 2012,
42(8), 1177-1183.

. Goh, S. H., Chuah, C. H., Mok, J. S. L. and Soepadmo, E., Malay-

sian Medicinal Plants for the Treatment of Cardiovascular Dis-
eases, Pelanduk, Malaysia, 1995, vol. 63.

. Makkar, R. S. and Rockne, K. J., Comparison of synthetic surfac-

tants and biosurfactants in enhancing biodegradation of polycyclic
aromatic hydrocarbons. Environ. Toxicol. Chem., 2003, 22, 2280—
2292.

. Wee, Y. C., 4 Guide to Medicinal Plants, Singapore Science

Center, Singapore, 1992, vol. 21.

Hayes, W. B., Fruit Growing in India, Kitabistan, Allahabad, 1960.
Bhaskar, B. and Shantaram, M., Morphological and biochemical
characteristics of Averrhoa fruits. Int. J. Pharm. Chem. Biol. Sci.,
2013, 3(3), 924-928.

De Lima, V. L. A. G., Mélo, E. D. A. and Lima, L. D. S., Physico-
chemical characteristics of Bilimbi (Averrhoa bilimbi L.) Rev.
Bras. Frutic., Jaboticabal-SP, 2001, 23(2), 421-423.

Wong, K. C. and Wong, S. N., Volatile constituents of Averrhoa
bilimbi L. fruit, J. Essent. Oil Res., 1995, 7(6), 691-693.

Neyts, J. et al., Structure—activity relationship of new anti-
hepatitis C virus agents: heterobicycle-coumarin conjugates.
J. Med. Chem., 2009, 52(5), 1486—1490.

Suzuki, M. et al., Cancer preventive agents. Part 5. Anti-tumor-
promoting effects of coumarins and related compounds on
Epstein—Barr virus activation and two-stage mouse skin carcino-
genesis. Pharm. Biol., 2006, 44, 178—182.

Kayser, O., Kolodziej, H. Z. and Naturforsch, Z. C., Bioscience,
1999, 54, 169.

Sharma, R. C. and Parashar, R. K. J., Synthesis and microbicidal
activity of N-(2-substituted) phenyl ureas and their metal com-
plexes. Inorg. Biochem., 1988, 32, 163-169.

Khilya, O. V., Shablykina, O. V. and Frasinyuk, M. S., 3-(2-
pyridyl)coumarins. Chem. Nat. Compd., 2005, 41, 523-528.
Kontogiorgis, C. A. and Hadjipavlou-Litina, D. J., Synthesis and
anti-inflammatory activity of coumarin derivatives. J. Med.
Chem., 2005, 48, 6400-6408.

Hwu, J. R. et al., Synthesis of new benzimidazole—coumarin con-
jugates as anti-hepatitis C virus agents. Antiviral Res., 2008, 77,
157-162.

Zhiwei, C., Qiang, Z. and Weike, S., A novel sulfonic acid func-
tionalized ionic liquid catalyzed multicomponent synthesis of
10,11-dihydrochromeno([4,3-b]chromene-6,8(7H,9H)-dione deriv-
atives in water. Tetrahedron Lett., 2011, 52, 2601-2604.

Sun, X.-J., Zhou, J.-F. and Zhi, S.-J., Efficient one-pot synthesis
of tetrahydrobenzo[c]xanthene-1,11-dione derivatives under
microwave irradiation. Synth. Commun., 2012, 42, 1987-1994.
Pradhan, K., Paul, S. and Das, A., Fe(DS),, an efficient Lewis acid—
surfactant-combined catalyst (LASC) for the one pot synthesis of
chromeno[4,3-b]chromene derivatives by assembling the basic
building blocks. Tetrahedron Lett., 2013, 54, 3105-3110.
Ganguly, N., Roy, S. and Mondal, P., Boric acid-catalyzed one-pot
access to 7-aryl-benzopyrano[4,3-b] benzopyran-6,8-diones under
aqueous micellar conditions. Synth. Commun., 2014, 44, 433-440.
Hossein, A. A., Ghanavatian, R. and Akbari, M., An efficient one-
pot synthesis of tetrahydro-chromeno[4,3-b]chromene-6,8-dione
and tetrahydro-pyrano[4,3-b]chromene-1,9-dione  derivatives
under solvent-free conditions. World Appl. Sci. J., 2013, 22(6),
802-808.

Patil K. T., Walekar, L. S., Undare, S. S., Kolekar, G. B., Desh-
mukh, M. B., Choudhari, P. B. and Anbhule, P. V., Selective
synthesis of 10,11-dihydrochromeno[4,3-b]chromene-6,8(7H,9H)-
dione using copper oxide nanoparticles for potential inhibitors of

CURRENT SCIENCE, VOL. 118, NO. 6, 25 MARCH 2020



RESEARCH ARTICLES

36.

37.

38.

39.

40.

41.

42.

43.

44,

P-ketoacyl-[acyl carrier protein] synthase III of Mycobacterium
tuberculosis. Indian J. Chem. B, 2016, 55, 1151-1159.
Chennamsetty, N., Bock, H., Scanu, L. F., Siperstein, F. R. and
Gubbins, K. E., Cosurfactant and cosolvent effects on surfactant
self-assembly in supercritical carbon dioxide. J. Chem. Phys.,
2005, 122, 094710-094721.

Moreira, L. A. and Firoozabadi, A., Thermodynamic modeling of
the duality of linear 1-Alcohols as cosurfactants and cosolvents in
self-assembly of surfactant molecules. Langmuir, 2009, 25,
12101-12113.

Bustamante, M., Duran, N. and Diez, M. C., Biosurfactants are
useful tools for the bioremediation of contaminated soil: a review.
J. Soil Sci. Plant Nutr., 2012, 12(4), 667-687; La Sorella, G.,
Strukul G. and Scarso, A., Recent advances in catalysis in micellar
media. Green Chem., 2015, 17, 644—683.

Manabe, K., limura, S., Sun, X. M. and Kobayashi, S., Dehydra-
tive reactions in water. Bronsted acid—surfactant-combined cata-
lyst for ester, ether, thioether, and dithioacetal formation in water.
J. Am. Chem. Soc., 2002, 124, 11971-11978; Rajabi, F. and
Luque, R., An efficient renewable-derived surfactant for aqueous
esterification reactions. RSC Adv., 2014, 4, 5152-5155; Wang, L.
M., Jiao, N., Qiu, J., Yu, J. J., Liu, J. Q., Guo, F. L. and Liu, Y.,
Sodium stearate-catalyzed multicomponent reactions for efficient
synthesis of spiro-oxindoles in aqueous micellar media. Tetrahe-
dron, 2010, 66, 339-343.

Lambert, R. W., Martin, J. A., Merrett, J. H., Parkes, K. E. B. and
Thomas, G. J., PCT Int. Appl. WO 9706178. Chem. Abstr., 1997,
126, 212377y.

Robak, J. and Gryglewski, R. J., Bioactivity of flavonoids. Pol. J.
Pharmacol., 1996, 48(6), 555-564.

Wang, H. K., Lee, S. L. and Morris-Natschke, K. H., Recent
advances in the discovery and development of topoisomerase inhi-
bitors as antitumor agents. Med. Res. Rev., 1997, 17(4), 367-425.
Poupelin, J. P., Saint-Rut, G., Fussard-Blanpin, O., Narcisse, G.,
Uchida-Ernouf, G. and Lakroix, R., Eur. J. Med. Chem., 1978, 1367.
Hideo, T. Jpn. TokkyoKoho JP 56005480. Chem. Abstr., 1981, 95,
80922b.

45. Rukavishnikov, A. V., Smith, M. P., Birrell, G. B., Keana, J. F.
W. and Griffith, O. H., Synthesis of a new fluorogenic substrate
for the assay of phosphoinositide-specific phospholipase C. Tetra-
hedron Lett., 1998, 39, 6637-6640.

46. Mulakayala, N. et al., Catalysis by molecular iodine: a rapid
synthesis of 1,8-dioxo-octahydroxanthenes and their evaluation as
potential anticancer agents. Bioorg. Med. Chem. Lett., 2012, 22,
2186-2191.

47. Das, B., Thirupathi, P., Reddy, K. R., Ravikanth, B. and Nagarapu,
L., An efficient synthesis of 1,8-dioxo-octahydroxanthenes using
heterogeneous catalysts. Catal. Commun., 2007, 8(3), 535-538.

48. Darviche, F., Balalaie, S., Chadegani, F. and Salehi, P., Diammo-
nium hydrogen phosphate as a neutral and efficient catalyst for
synthesis of 1,8-dioxo-octahydroxanthene derivatives in aqueous
media. Synth. Commun., 2007, 37, 1059-1066.

49. Fang, D., Gong, K. and Liu, Z. L. Synthesis of 1,8-dioxo-
octahydroxanthenes catalyzed by acidic ionic liquids in aqueous
media. Catal. Lett., 2009, 127(3—4), 291-295.

50. Constable, D. J. C., Curzons, A. D. and Cunningham, V. L.,
Metrics of green chemistry — which are the best? Green Chem.,
2002, 4, 521-527.

51. Aken, K. V., Strekowski, L. and Patiny, L., EcoScale, a semi-
quantitative tool to select an organic preparation based on eco-
nomical and ecological parameters. Beilstein J. Org. Chem., 2006,
2(3), 1-7.

ACKNOWLEDGEMENTS. We thank the Indian Institute of Chemi-
cal Technology, Hyderabad and CFC, Shivaji University, Kolhapur for
providing NMR FTIR and EI-MS spectral analyses facilities.

Received 24 September 2019; revised accepted 5 December 2019

doi: 10.18520/cs/v118/16/931-945

CURRENT SCIENCE, VOL. 118, NO. 6, 25 MARCH 2020

945




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


