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In the present investigation, a mild, efficient and simple procedure has
been developed for the synthesis of xanthene derivatives is described
via three component condensation of aromatic aldehydes with 3-naphthol
or dimedone or mixture of B-naphthol and dimedone using Brgnsted
acidic ionic liquid, triphenyl(propyl-3-sulphonyl)phosphonium toluene-
sulfonate under solvent-free conditions. The synthesized compounds
were screened for antimicrobial activities against Gram-positive (Bacillus
subtilis), Gram-negative (Pseudomonas aeruginosa) bacteria and fungus
(Candida albicans). The antioxidant activities of these compounds
were determined by DPPH scavenging free radical method. Present
methodology has a number of advantages such as mild reaction condition,
inexpensive catalyst, stable at room temperature and it was also found
that this catalyst might be recovered quantitatively and reused without
much loss of catalytic activity.

KEYWORDS

Tonic liquid, Xanthenes derivatives, Dimedone, B-naphthol, Recyclable
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INTRODUCTION

In the past few decades, heterocyclic chemistry has been
played vital role in organic synthesis and pharmaceutical
chemistry [1]. Xanthenes and benzoxanthenes are an important
constituent in the area of natural and synthetic organic chemistry.
The synthesis of xanthenes and its derivatives has received
considerable interest due to their wide range of biological and
pharmacological activities, such as antiviral [2], antibacterial
[3], anti-inflammatory [4], anti-hypertensive [5], anti-tumor [6],
anti-HIV infections [7], anti-hyperlipidemic [8], anti-plasmodial
[9], activities. Moreover, because of their useful spectroscopic
properties these heterocyclic molecules have been widely used
as dyes [10] and found applications in laser technologies [11],
as sensitizers in photodynamic therapy [12] and in pH-sensitive
fluorescent materials [ 13]. Thus, the synthesis of xanthenes has
enormous significance in organic transformation.

Multi-component reactions (MCRs) have emerged as an
efficient and powerful tools to build the products in organic
and medicinal chemistry, in which more than two reactant
molecules react to form a product for their high degree of atom
economy, eco-friendly, minimize cost, saving time and appli-
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cation in the several of convergent synthesis of complex organic
molecules from simple and readily available substrates in a
single synthetic operation [14,15]. Furthermore, MCRs offer
the benefits of simplicity and synthetic efficiency over conven-
tional chemical reactions [16]. Additionally, solvent-free condi-
tions construct simpler synthesis, save energy and avoid solvent
waste hazards and toxicity [17-19]. Hence, it remains a challenge
to develop multi-component reactions with suitable various
catalysts.

In recent literature, various methods have been developed
for the synthesis of xanthenes derivatives such as acetic acid
[20], sulfamic acid [21], succinamide-N-sulphonic acid [22],
silica sulfuric acid [23], citric acid [24], lactic acid [25], tartaric
acid [26], niobium pentachloride [27], p-TSA [28], Ln(III)
chloride/chloroacetic acid [29], phosphosulfonic acid [30],
InCl; and (HPOs), [31], Si0,-Pr-SO;H [32], montmorillonite
K10 [33], poly(4-vinylpyridinium)perchlorate [34], iodine
[35], etc.

However, some of these above mentioned catalysts have
significant advantages but yet it has certain limitation such as
drastic reaction conditions, longer reaction time, high tempe-
rature, expensive and toxic catalyst and low yields. Therefore,
the need of development of new procedure to accomplish a
simple, efficient, inexpensive, non-toxic and greener approach
is desirable. In current literature, researchers are more interest
to use of ionic liquids for the organic transformation because
of their a number of properties like easy recoverability, reusa-
bility, high thermal stability and non-inflammability, negligible
vapour pressure and solvating ability [36,37]. Because of such
noteworthy advantages of ionic liquid here, we report the use
of efficient and reusable Brgnsted acidic ionic liquid triphenyl-
(propyl-3-sulphonyl)phosphonium toluenesulfonate to perform
adual role as solvent and catalyst for the synthesis of xanthenes
derivatives. In literature, reusable Brgnsted acidic ionic liquid
has been used for different organic transformations such as -
amino carbonyl compounds [38], synthesis of ethyl acetate
[39], substituted imidazoles [40], coumarin derivatives [41]
and synthesis of 2,3-dihydroquinazolin-4(1H)-ones [42].

EXPERIMENTAL

The reagents and solvents were purchased from Merck,
S.D. fine and Aldrich chemical companies. Melting points of
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all compounds were recorded by open tube capillary method
and are uncorrected. The development of reaction and the
purity of synthesized compounds were monitored by thin-layer
chromatography (TLC), using analytical silica gel plates (Merck
60 Fas4). '"H & *C NMR spectra were recorded on Bruker spectro-
meter 500 and 125 MHz, respectively in CDCl; solvent with
tetramethylsilane (TMS) as internal standard. Mass spectra
were recorded on a macro mass spectrometer, applying electro
spray ionization (ESI) method.

Synthesis of ionic liquid triphenyl(propyl-3-sulphonyl)-
phosphonium toluenesulfonate: Triphenyl(propyl-3-sulphonyl)-
phosphonium toluenesulfonate as a stable reagent was easily
synthesized by the reaction of triphenylphosphine and 1,3-
propane sultone [39] (Scheme-I).

General procedure for the synthesis of xanthene deri-
vatives: A mixture of triphenyl(propyl-3-sulfonyl)phosphonium
toluenesulfonate (0.04 g), aromatic aldehyde (1.0 mmol) and
the desired substrate (1.0 mmol) was heated at 80 °C under
solvent-free conditions. The development of the reaction was
monitored by TLC (Scheme-II). After the completion of reaction,
ice cold water (10 mL) was poured into the reaction mixture
and stirred for 10 min. The catalyst was decanted and the crude
product was recrystallized from ethanol.

Spectral data

14-(4-Chlorophenyl)-14H-dibenzo[a,j]xanthenes
(Table-1, entry 2): 'H NMR (500 MHz, CDCl;): 8 = 6.45 (s,
1H, CH), 7.07-7.09 (d, J = 9.3 Hz, 2H, ArH), 7.39-7.83 (m,
14H, ArH), 8.29-8.31 (d, J = 9.5 Hz, 2H, ArH); ®C NMR (125
MHz, CDCl3): 6=37.3,116.7,118.0, 122.4,124.3,126.9, 128.6,
128.9, 129.0, 129.4, 131.0, 131.2, 132.0, 143.4, 148.7; MS:
m/z =393 (M + H).

14-(4-Hydroxyphenyl)-14H-dibenzo[a,j]xanthenes
(Table-1, entry 3): '"H NMR: (500 MHz, CDCl;): 6 = 4.73
(1H, brs, OH), 6.42 (s, 1H, CH), 6.56-6.58 (d, J = 8.8 Hz, 2H,
Ar-H), 7.35-7.58 (m, 8H, Ar-H), 7.76-7.82 (m, 4H, Ar-H),
8.34-8.36 (d, J = 8.4 Hz, 2H, Ar-H), ®C NMR (125 MHz,
CDCly): 6 = 37.0, 115.2, 117.4, 118.0, 122.6, 124.2, 126.7,
128.8,129.3,131.0, 131.3, 137.4, 148.6, 153.8 ppm MS: m/z
=375 M + H).

14-(3,4-Dimethoxy phenyl)-14H-dibenzo[a,j]xanthenes
(Table-1, entry 4): 'H NMR (500 MHz, CDCl;): 8 = 3.68 (s,
3H, OCHs;), 3.72 (s, 3H, OCHs), 6.44 (s, 1H, CH), 6.65 (d, J =
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Scheme-I: Synthesis of ionic liquid triphenyl(propyl-3-sulphonyl)phosphonium toluenesulfonate
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Scheme-II: Synthesis of xanthenes derivatives

8.3 Hz, 1H, ArH), 6.91 (d,J = 1.7 Hz, 1H, ArH), 7.11-7.13 (dd,
J = 8.3 Hz, J = 1.8 Hz, 1H, ArH), 7.39-7.58 (m, 6H, ArH),
7.77-7.83 (m, 4H, ArH), 8.40 (d, J = 8.4 Hz, 2H, ArH). °C
NMR (125 MHz, CDCl5): 6 =37.4,55.7,110.7, 111.6, 117.4,
117.9,120.3,122.7, 124.2, 126.7, 128.7, 128.8, 131.1, 131 4,
137.6, 147.5, 148.7, 149.0 ppm; MS: m/z =419 (M + H).
14-(3-Nitrophenyl)-14H-dibenzo[a,j]xanthenes (Table-
1, entry 6): '"H NMR (500 MHz, CDCl;): 8 = 6.58 (s, 1H, CH),
7.25-7.85 (m, 13H, ArH), 8.28-8.29 (d, J = 7.5 Hz, 2H, ArH),
8.40 (s, 1H, ArH) ppm. "C NMR (125 MHz, CDCls): & =
148.8, 148.2, 146.9, 134.2, 131.0, 129.5, 129.0, 127.2, 124.5,
122.7, 122.0, 121.7, 118.1, 115.8, 37.7 ppm; MS: m/z = 404
(M + H).
9-(4-Nitrophenyl)-1,8-dioxo-octahydroxanthene
(Table-1, entry 9): '"H NMR (500 MHz, CDCls) 8 (ppm): 0.99
(s, 6H, 2CHj3), 1.12 (s, 6H, 2CH3), 2.15-2.27 (m, 4H, CHa),
2.49 (s, 4H, CH,), 4.82 (s, 1H, CH), 7.46-7.48 (d, J = 8.6 Hz,

2H, ArH), 8.08-8.10 (d, J = 8.8 Hz, 2H, Ar-H), "C NMR (125
MHz, CDCls5) & (ppm): 27.2,29.2,32.2,32.3,40.8,50.6, 114.5,
123.4,129.3, 146.4, 151.5, 162.9, 196.2; MS: m/z =396 (M +
H).

9-(2, 4-Dichlorophenyl)-1,8-dioxo-octahydroxanthene
(Table-1, entry 10): 'H NMR (500 MHz, CDCls) 8 (ppm):
1.01 (s, 6H, 2CHj3), 1.10 (s, 6H, 2CHj3), 2.17 (d, 2H, CH,),
2.24 (d, 2H, CH»), 2.44 (d, 2H, CH,), 2.48 (d, 2H, CH,), 4.94
(s, 1H, CH), 7.13-7.15 (dd, J = 8.3 Hz, J = 1.8 Hz, 1H, ArH),
7.24 (d,J = 1.8 Hz, 1H, Ar-H), 7.38 (d, / = 8.3 Hz, 1H, ArH);
C NMR (125 MHz, CDCl;) 8 (ppm): 27.3, 29.2, 32.0, 40.7,
50.6, 113.3, 126.7, 129.8, 132.7, 133.7, 134.0, 138.6, 163.2,
196.5; MS: m/z =419 (M + H).

9-(4-Methoxyphenyl)-1,8-dioxo-octahydroxanthene
(Table-1, entry 11): '"H NMR (500 MHz, CDCL): & = 0.99
(S, 6H, 2CHj3), 1.09 (S, 6H, 2CH3), 2.18-2.24 (d, J =16.4 Hz,
4H, 2CH,), 2.45 (S, 4H, 2CH.»), 3.73 (S, 3H, OCH,), 4.69 (S,
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TABLE-1

BR@NSTED ACIDIC IONIC LIQUID, TRIPHENYL(PROPYL-3-SULPHONYL) PHOSPHONIUM
TOLUENESULFONATE CATALYZED SYNTHESIS OF XANTHENES DERIVATIVES*

p. (°C
Entry Aryl aldehyde Time (min) Yield® (%) m.p. () Ref.
Found Reported
CHO
1 ©/ 12 94 180-182 182-183 [19]
CHO
2 Q/ 10 96 286-288 288-289 [19]
Cl
CHO
3 Q/ 15 88 138-140 139-141 [19]
HO
CHO
4 2 90 170-172 - -
H,CO
OCH,
CHO
5 ©/ 10 96 311-313 311-312 [19]
O,N
CHO
6 Q/ 1 92 210-211 210-212 [19]
NO,
CHO
7 O/ 12 90 203-205 204-206 [12]
CHO
AN
8 10 94 232234 230-231 9]
Cl/ 7
CHO
AN
9 10 94 226-227 226-228 [12]
OZN/ F
CHO
AN
10 12 92 178-180 177-179 [12]
cn/ 7 a
CHO
11 2 90 247-249 248-249 [12]
H,CO
CHO
i H,C 15 85 218-220 219-221 [11]
N
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CHO

13 O/ 15
CHO
14 D/ 10
O,N
CHO
15 Q/ 12
H,CO
CHO
16 Q/ 10
c

CHO

17 ©/ 11

NO,

90 150-151 149-151 [13]
92 173-175 174-176 [13]
89 202-204 202-204 [13]
94 178-180 178-180 [13]
92 164-166 166-168 [13]

“Reaction conditions: A mixture of triphenyl(propyl-3-sulfonyl)phosphonium toluenesulfonate (0.04 g), aromatic aldehyde (1 mmol), and the
desired substrate (1, mmol, according to Scheme-II) was heated at 80 °C under solvent-free conditions. °Isolated yield.

1H, CH), 6.76 (d, J =8.8 Hz, 2H, Ar-H), 7.20 (d, J =8.8 Hz,
2H, Ar-H), ppm; *C NMR (125 MHz, CDCl3): § =27.3,29.2,
30.9,32.2,40.8,50.7,55.1,113.4, 115.8, 129.3, 136.5, 157.9,
162.0, 196.5 ppm; MS: m/z =381 (M + H).

12-(4-Chlorophenyl)-9,9-dimethyl-8,9,10,12-octahy-
drobenzo[a]xanthenes-11-one (Table-1, entry 16): 'H NMR
(500 MHz, CDCl3): 8 = 0.96 (s, 3H, CHs), 1.12 (s, 3H, CH3),
2.25(d,J =163 Hz, 1H, CH,), 2.32 (d, J = 16.3 Hz, 1H, CH,),
2.56 (s,2H, CH»), 5.68 (s, 1H, CH), 7.08-7.14 (d, J = 8.4 Hz,
2H, ArH), 7.25-7.59 (m, 5H, ArH), 7.76-7.90 (m, 2H, ArH),
8.31 (d, J = 8.4 Hz, 1H, ArH); "C NMR (125 MHz, CDCl):
27.1,29.3, 32.2, 34.1, 37.3, 41.4, 50.8, 113.8, 116.7, 117.0,
118.0, 122.4, 123.4, 124.3, 125.0, 126.9, 127.1, 128.4, 128.9,
129.4, 129.8, 131.2, 131.9, 132.0, 143.4, 148.7, 164.0, 196.9
ppm; MS (m/z): 389 (M + H).

Antimicrobial activity: The antimicrobial activity of
synthesized compound was determined by turbidometric method
[43-45]. A sample was prepared in DMSO solvent as per the
required concentration of solvent for microbial culture (Luria
Bertani broth and potato dextrose Luria Bertani). Incubated
microbial cultures were growed in media for 24 h. Before use
of microbial culture for antimicrobial activity count of micro-
organism was carried out. Microbial culture for activity taken
as 10° in freshly prepared Luria Bertani broth (bacteria) and
potato dextrose Luria Bertani (Candida albicans) to active final
volume 200 UL in 96 well plate and concentration of newly
synthesized compound added in seeded culture of 96 well plate.
Control was taken as culture and respective media. For this assay,
penicillin is used as standard in same plate with culture and
media. Microbial plate was incubated for 24 h at 37 °C and
OD was measured at 600 nm by using 96 well plate reader. Assay
was conducted in triplicates for same concentration and experi-
mental conditions. From obtained OD antimicrobial activity
of compound was calculated as follows:

D

control _ODsample XIOO

OD

Antioxidant activity: The antioxidant activity of synthe-
sized compounds was determined by using DPPH stable free
radical method [46-48] and ascorbic acid was used as a standard.
Stock solution of the DPPH radicals was prepared by dissolving
in methanol to obtain 0.1 mM concentration. The assay was
carried out in a 96 well plate. A 500 ug of compound was added
in 200 puL of methanolic 0.1 mM of DPPH. The mixture was
shaken and kept in the dark at 37 °C for 10 min. After 10 min,
the absorbance values were measured at 517 nm and converted
into the percentage antioxidant activity (%) using the following
equation [45]. All the experiments were performed in triplicate.

o
Inhibition (%) =

control

RESULTS AND DISCUSSION

In the present investigation, a condensation of 3-naphthol
and variety of aromatic aldehydes in the presence of Brgnsted
acidic ionic liquid, triphenyl(propyl-3-sulphonyl)phosphonium
toluenesulfonate as a catalyst for the synthesis of 14H-dibenzo-
[a,j]xanthenes was carried out.

Further, to study the effect of Brgnsted acidic ionic liquid,
triphenyl(propyl-3-sulphonyl)phosphonium toluenesulfonate
as catalyst, we have used as a model reaction 4-chlorobenzal-
dehyde and B-naphthol which leads to formation of 14H-
dibenzo-[a,j]xanthenes derivatives (Table-1, entry 2). During
this study, the optimized temperature, time and amount of
Brgnsted acidic ionic liquid, triphenyl(propyl-3-sulphonyl)-
phosphonium toluenesulfonate for the reaction was found to
be 80 °C, 10 min and (0.04 g, 8 mol %, 0.08 mmol) of catalyst
to carry out the reaction smoothly (Table-2, entry 6). Encouraged
by this, experiment was extended to a variety of aromatic alde-
hydes possessing both electron donating and electron with-
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TABLE-2
OPTIMIZATION OF REACTION CONDITION BETWEEN
4-CHLOROBENZALDEHYDE (1.0 mmol) AND 3-NAPHTHOL
(2.0 mmol) IN THE PRESENCE OF TRIPHENYL (PROPYL-3-
SULFONYL) PHOSPHONIUM TOLUENESULFONATE
UNDER SOLVENT-FREE CONDITIONS

Entry Ionicliquid(g) Temp.(°C) Time (min) Yield® (%)
1 - 120 360 Trace
2 0.04 50 60 45
3 0.04 60 50 65
4 0.04 65 40 75
5 0.04 70 25 89
6 0.04 80 10 94
7 0.01 80 60 45
8 0.02 80 40 68
9 0.03 80 30 82
10 0.05 80 10 94
“Isolated yield.

drawing substituent, which were converted into their correspon-
ding xanthenes derivatives yielding excellent yields (Table-1).

Effect of catalyst: A mixture of 4-chlorobenzaldehyde
and B-naphthol was stirred at 120 °C for 6 h in absence of
catalyst (Table-2, entry 1). It was found that the reaction did
not give any desired product, indicating that catalyst to be must
for this transformation. With this successful synthesis of 14H-
dibenzo[a,j]xanthene derivatives from the reactions of 4-chloro-
benzaldehyde and B-naphthol react with greater ease under
these reaction conditions. Furthermore, one pot efficient
synthesis of 1,8-dioxooctahydroxanthene derivatives with
excellent yields by replacing B--naphthol with dimedone under
same reaction conditions (Table-1, entries 7-12).

It is well documented both above conversion, we finally
turned our attention towards the one pot efficient synthesis of
12-aryl-tetrahdrobenzo[a]xanthenes-11-ones by condensation
of aryl aldehydes with B-naphthol and dimedone under solvent
free condition (Table-1, Entries 13-17). In order to understand
efficiency and non-toxicity of the catalyst, a comparison to
other reported catalyst is shown in Table-3, revealing that more
prominent catalytic activity of Brgnsted acidic ionic liquid,
triphenyl(propyl-3-sulphonyl)phosphonium toluenesulfonate
than the other reported method.

We also studied, recycling of the catalyst under solvent
free condition in the reaction of 4-chlorobenzaldehyde and [3-
naphthol. After completion of the reaction, ice cold water poured
into the reaction mixture and the solid precipitate was filtered
off for separation of crude product. After complete washing
of solid products with water, water soluble ionic liquid had evap-

orated under reduced pressure and the ionic liquid was recovered
and reused. The recoverable catalyst reused for further four
times without loss of its significant activity Table-4.

TABLE-4
RECYCLING OF THE CATALYST UNDER
SOLVENT FREE CONDITION IN THE REACTION OF
4-CHLOROBENZALDEHYDE AND 3-NAPHTHOL

Entry Time (min) Isolated yield (%)
1 10 94
2 10 93
3 11 92
4 12 90
5 13 89

The mechanism pathway for the synthesis of xanthenes
derivatives is proposed in Scheme-III. Initially, activation of
carbonyl group of aromatic aldehydes by triphenyl(propyl-3-
sulphonyl)phosphonium toluenesulfonate (acidic proton),
facilitates to nucleophilic attack of 2-naphthol [A] or dimedone
[B] to form the Knoevenagel products [I or IT]. Then subsequent
addition of [T or IT] to [A] or [B] gives the acyclic adduct inter-
mediates, followed by intramolecular cyclisation with the parti-
cipation of two hydroxyl groups to gives xanthenes derivatives
(Scheme-III).

Microbial activity: The antimicrobial activity of hetero-
cyclic compound studied by turbidometric methods results
demonstrate that most of the compounds exhibited promising
activity. Standard microbial culture antimicrobial activity
profile was studied with respect to standard antibiotic penicillin.
The synthesized scaffolds were evaluated for their in vitro
antibacterial activity. Among the synthesized compounds, only
compounds 6, 10 and 16 shows moderate to less active against
Gram-negative bacteria (Pseudomonas aeruginosa) at 100 pug
sample remaining were less or no active against Gram-negative
bacteria and compound 16 showed less to moderate activity
against Gram-positive bacteria (Bacillus subtilis) at 100 pg
sample remaining were less or no active against Gram-positive
bacteria compared to standard penicillin (Table-5).

The maximum antifungal activity was observed for comp-
ound 9, while compound 11 shows a moderate activity and
remaining compounds showed less or no activity at 100 pg
sample against Candida albicans compared to standard peni-
cillin (Table-5). These results showed that the nature of substi-
tuent groups plays a significant role in the activity of substrate.
Electron withdrawing substituent shows a moderate to maximum
and electron donating substituent shows less to moderate activity.

TABLE-3
COMPARISON OF EFFICIENCY OF VARIOUS CATALYSTS IN SYNTHESIS OF 14-ARYL-14H-DIBENZO [a,j]XANTHENES
Entry Catalyst Conditions Time Yield (%) Ref.
1 Molecular iodine Solvent-free/90-95 °C 20 min 90 [22]
2 Sulfamic acid Solvent-free/125 °C 8h 93 [8]
3 SiO,-Pr-SO;H Solvent-free/125 °C 20 min 98 [19]
4 Phosphosulfonic acid Solvent-free/110 °C 35 min 93 [17]
5 Succinimide-N-sulfonic acid Solvent-free/80 °C 35 min 92 [9]
6 Niobium pentachloride CH,CL/RT 48 h 90 [14]
7 Montmorillonite K10 Solvent-free/120 °C 3h 75 [20]
8 Poly(4-vinylpyridinium)perchlorate Solvent-free, grinding/60 °C 30 min 92 [21]
9 Triphenyl(propyl-3-sulphonyl)phosphonium Solvent-free/80 °C 12 min 94 Present work

toluenesulfonate
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Scheme-III: A plausible mechanism for the synthesis of xanthenes derivatives in the presence of Brgnsted acidic ionic liquid under solvent

free conditions

TABLE-5
INHIBITION OF ANTIBACTERIAL AND ANTIFUNGAL
ACTIVITY OF SYNTHESIZED SCAFFOLDS

Inhibition (%)

Compound Pseudomonas Bacillus Candida
aeruginosa subtilis albicans

2 26.69 Nil kare 28.22

3 24.22 23.12 18.55

4 Nil kare 2.27 0.024

6 48.39 22.20 4.30

9 30.17 9.22 70.18

10 40.53 1.07 26.74

11 28.86 Nil kare 33.30
16 47.99 33.58 Nil kare

Penicillin 91.78 93.71 97.74

Antioxidant activity: The newly synthesized xanthenes
derivatives was examined for their antioxidant activity against
standard free radical like DPPH. Table-6 indicates that most
of the xanthenes derivatives show free radical scavenging
activity. Maximum free radical scavenging capacity was found
for compounds 4 and 11. Variation in activity might be observed

because of the functional groups and electron donating capacity
of compound for scavenging free radicals.

Conclusion

In summary, an efficient and environmentally benign method
for the synthesis of xanthene derivatives via condensation of
aromatic aldehydes with B-naphthol or dimedone and/or a mixture
of B-naphthol and dimedone in the presence of Brgnsted acidic
ionic liquid, triphenyl(propyl-3-sulphonyl)phosphonium toluene-
sulfonate under solvent-free conditions. Compared with the
reported methodologies, present protocol features operational
simplicity, inexpensive catalyst, high reaction rates and excellent
yields, environmentally benign and no side reactions. In addition,
determination of antimicrobial and antioxidant activities of
synthesized xanthene derivatives and catalyst can be reused
in four successive runs without loss of catalytic activity.
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TABLE 6
SCREENING OF ANTIOXIDANT ACTIVITY OF SYNTHESIZED COMPOUNDS BY DPPH METHOD

Compound 2 3 4 6

9 10 11 16 Ascorbic acid

Inhibition (%) DPPH assay 12.17 17.98 30.88

13.76

2.99 9.72 53.70 3.11 95.22
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