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Abstract

Our method exhibited a shorter reaction time and higher yield compared to the results of other groups. This suggests that our approach is not
only environmentally friendly but also highly efficient. Our results demonstrate the potential of using SiO2-BHSB as a catalyst for 14-aryl-
14Hdibenzo-[a,j]xanthenes synthesis. In summary, our study highlights the advantages of using a heterogeneous catalyst, SiO2-BHSB, for the
synthesis of 14-aryl-14Hdibenzo-[a,j]xanthenes. Our method offers a simple and green approach without the need for toxic solvents. The
catalyst demonstrated good catalytic activity, easy recoverability, and reusability for several runs without loss in activity. The results of our
study provide a promising avenue for the development of new strategies for 14-aryl-14Hdibenzo-[a,j]xanthenes synthesis,.
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Introduction

Dibenzo[a,j]xanthene are the prominent class of xanthene; it
is a pentacyclic ring system where pyran forms the central
part and is fused with four benzene rings ['], it is an essential
oxygen-containing heterocyclic moiety shows different types
of biological activities like antiviral, anti-plasmodial, having
biological importance like both sensitizers in photodynamic
therapy to localize and control tumors cells 23] even in the
development of Antileishmanial Agents ™, furthermore
xanthene used for generation of hydrogen peroxide five also
xanthene derivatives such as Benzo-xanthene have properties
like antibacterial and anti-inflammatory moreover used in
laser technology and extensively used in dyes [67],

By taking into consideration of the importance of this
compound, some recent development in 14-aryl or alkyl-14-
H-dibenzo[a,j]xanthene has been done from S-naphthol and
aryl aldehydes by using different catalytic systems; such as
nanocatalyst  like  Nano  Nickel-Cobalt  Ferrite [,
Fe;Os@Agar-Ag as nanocatalyst 1, ZrO, nanoparticles 1%,
Sulfonated starch nanoparticles '), Some environmentally
attractive ionic liquids to approach towards green chemistry
like Bronsted acidic di-cationic ionic liquid %, [(Et); N-
H]FeCly ionic liquid 3!, Some researchers done by using
biological catalyst like glycine [4, Supramolecular -
Cyclodextrin ', SO4*7/Sn0,-Fly Ash, bifunctional catalyst
using microwave-assisted reaction !'®], Some nanoparticle
coated catalyst like Sulphated-PWA-supported MCM-41
coated Nickel ferrite 7], ultrasonic irradiation system by
Fe;04 @Si04-SnCls 181, some transition metal-Pd Catalysed
Formal [3+3] Annulation of Benzylic gem-Diacetates %), H-
Zeolite 2%, CuSO4-5H,0 21, iodine catalyzed cyclization 2%,
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some acid such as Polystyrene Sulfonic Acid [?*l. These are
the various catalytic system used for the synthesis of 14-aryl-
14H-dibenzo[a, xanthenes. Indisputably, some of these
procedures are good in view of reactivity. However, these
synthetic procedures are hindered by the unavailability of
complex catalytic material 4],

In latterly years, surface synthetic organic chemistry is
gaining much appreciation due to its more surface area,
recyclability, stability, selectivity, and low toxicity. The use
of catalysts on solid supports has attained appreciable
importance. It helps both in the purification process and in the
prevention of reaction residues hence, it achieves solvent-free
conditions in addition to support by providing surface to the
reaction 125261,

In this report, we have reported use of SiO,—BHSB in the
synthesis of 14-aryl or 14H-dibenzo[a,j]xanthenes at room
temperature 27, SiOr-supported acid catalysts have received
widespread attention nowadays due to its -efficiency,
recyclability, and uniqueness of high efficiency. Thus, This
reaction is a more suitable green approach towards the
synthesis of 14-aryl or 14H-dibenzo[a,j]xanthenes to attain a
higher yield of the product.

Experimental

All chemicals were available and purchased from Sigma
Aldrich and alfa aesar. The catalyst was synthesized
according to the literature. Melting points were recorded on a
Veego melting point apparatus VMP-CM. The IR spectra
were obtained using a Nicolet impact 410 FTIR spectrometer
using the KBr pellet technique. The H'NMR (400 MHz)
spectra were recorded with a Bruker DRX-400 spectrometer.
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Fig 1: Synthesis of silica chemisorbed bis(hydrogensulhato)benzene (SiO2-BHSB)

Synthesis of SiO,-BHSB was achieved in three steps, by the
necessary modifications in the literature procedures (2%,

Step-I: Synthesis of Silica Chloride (SiO02-Cl) 128!

To a vigorously stirring, ice cold mixture of oven dried silica
gel (100-200 mesh, 10 g) and dichloromethane (50 mL) into a
round bottom flask (250 mL) equipped with water condenser
and a calcium chloride guard tube, cold thionyl chloride (10
g) was added drop wise, the mixture is further stirred at room
temperature for 24 h. The unreacted thionyl chloride and
solvent were removed under reduced pressure, obtained light
gray particles of silica chloride (SiO,-Cl) are flame dried and
immediately stored in a previously weighed airtight glass
bottle. The yield of so obtained SiO,-Cl was found 10.380 g
and it can be used for months without decrease in its activity.
The silica chloride (SiO»-Cl) being a moisture sensitive
compound, it gets covered into original silica gel when it
comes in contact with moisture. Therefore it needs to be
stored in an airtight glass bottle. The amount of chloride in the
Si0,-Cl sample was determined using the simple acid—base
titration, in which the liberated HCI from silica chloride (100
mg) in 50mL deionized water was titrated against the
standardized alkali solution. About 1.666 milli-equivalent
chloride was found per gram of SiO,-Cl sample.

Step-I1, Synthesis of SiO2-Phloroglucinol

Silica chloride (SiO»-Cl, 8.30 mmol) from step-I and
phloroglucinol (7.5 mmol) were stirred in dry CH>CL, (30
mL) taken into a round bottom flask equipped with a drying
tube (Scheme 3, step-II). Evolving HCI bubbles from the
reaction mixture indicate progress of the reaction. After 2 h of
stirring, the resulting silica bound phloroglucinol (SiO,-Phgl)
was filtered at the pump, washed with CH,Cl, (30 mL), dried
at 60-70 °C and weighed. A 5.520 g yield of SiO2-Phgl was
obtained.

Step-III, Synthesis of silica chemisorbed bis(hydrogen
sulphate)benzene (SiO:-BHSB)

A 10% solution of chlorosulfonic acid (15 mmol) in CH,Cl,
was added drop wise to a magnetically stirring, cold
suspension of SiOz-phloroglucinol (7.5 mmol) in CH,Cl; (30
mL) with the help of constant dropping funnel. The
immediately evolving HCl gas was trapped by a NaOH
scavenger assembly arranged along. After completion of
addition, the mixture was stirred for further 2 h, the resulting
suspension was filtered at a pump, washed thrice with
methanol and once with distilled water in order to remove
even a last fraction of an unreacted or physisorbed
chlorosulfonic acid. The filtered brown solid was dried at 60
°C for 6 h, resulted free flowing particles were weighed 6.240
g as a final yield and stored in a glass bottle. The formation of
SiO,-BHSB was examined by qualitative as well as
quantitative analytical methods.

General Procedure for the Synthesis of 14-aryl-14H-
dibenzo[a,xanthenes

A mixture of 2-naphtol (1 mmol), aromatic aldehyde (2
mmol) and SiO,-BHSB (2.5 mol%) as a catalyst was added
and stirred in a flask. The mixture was heated at 90 °C for an
appropriate period of time (Scheme 1), as mentioned in Table
2. After completion of the reaction (monitored by TLC), the
reaction mixture was cooled to room temperature. The crude
product was heated in ethyl acetate, and the catalyst was
removed by filtration. The pure product was obtained by
cooling of the filtrate. Some of the products are known
compounds. New compounds were characterized by IR and
NMR spectroscopy. Their melting points are compared with
reported values in literature. The recovered catalyst from the
reaction mixture was washed with ample ethanol, dried at 60
°C, After drying, it can be reused without a noticeable loss of
reactivity.

Spectroscopic Data of Representative Compounds
14-phenyl-14H-dibenzo[a,j|xanthene 3a: White solid, IR
(KBr, cm—1): vmax = 3074, 3020, 2924, 1623, 1590, 1512,
1454, 1400, 1251, 1077, 961, 826, 802, 742 cm™' ; 1TH NMR
(250 MHz, CDCl3): 6 = 6.48 (s, 1H, CH), 6.97 (t, ] = 7.5 Hz,
1H, ArH), 7.13 (t, ] = 7.5 Hz, 2H, ArH), 7.39 (t, ] = 7.5 Hz,
2H, ArH), 7.45-7.59 (m, 6H, ArH), 7.79 (t, ] = 8.5 Hz, 4H,
ArH), 8.40 (d, J = 8.5 Hz, 2H, ArH) ppm.

Results and Discussion

In this paper, the condensation of P-naphtol and various
aldehydes in the presence of a SiO,-BHSB as a
heterogeneous catalyst for the preparation of 14-aryl or alkyl-
14Hdibenzo[a,j]xanthenes has been studied (Scheme 1). We
initially investigated the catalytic activity of SiO>—BHSB in
the synthesis of benzoxanthenes under different reaction
conditions. The solvent effect in the condensation of
benzaldehyde and B-naphthol in the presence of SiO,—BHSB
as a model has been studied. As shown in Table 1, among the
tested solvents, such as ethanol, methanol, CH3CN, 1,2-
dichloroethane, CHCI; and a solvent-free system, the best
result was obtained after 20 min under solvent-free conditions
in excellent yield (98%). Therefore, this reaction was
developed with other aldehydes, and the results are
summarized in Table 2. The time of reaction was within 18-
40 min, and high vyields of 14-aryl or alkyl-14H-
dibenzo[a,j]xanthenes were obtained. After completion of the
reaction (monitored by TLC), the crude product was dissolved
in hot ethyl acetate, the heterogencous solid catalyst was
removed easily by simple filtration and, after cooling of the
filtrate, the pure crystals of products were obtained. The
catalyst can be reactivated by simple washing, then reused
without noticeable loss of reactivity. The new products were
characterized by IR and NMR spectroscopy. Melting points
are compared with reported values in literature.
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The suggested mechanism for the SiO,—-BHSB catalyzed Table 1: Synthesis of 14-phenyl-14H-dibenzo[a,j]xanthene 3a in the
transformation is shown in Figure 2. Concerning the reaction presence of SiO2 — BHSB in different solvents

mechanism, we suggest that, 1n1t1glly a carbocation be formed Entry Solvent Temperature (°C) | Time(h) | Yield (%)
and then aryl-or alkyl-methane is naphthol prepared, which vent fo -
then undergo dehydration to give the final product. ! Solvent free 20 20 min o7
2 Methanol 90 10 45
3 Acetonitrile 90 10 41
4 Water 90 20 23
5 Tetrahydrofuran 90 12 34
6 | Dichloromethane 90 12 70
:'Y H*  _COA o
—_— -
H =]
-H*
Y
B ZH
~ 1
3 o

-H-0

Ar Ar

]

[ - l

Fig 2: Possible mechanism of present reaction.
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Table 2: Preparation of 14-aryl-14H-dibenzo[a,j]xanthene’s using SiO2 — BHSB (2.5 mol %) as catalyst
Entry Aldehyde (1) Product (3) Time (min) Yield (%) Melting point (°C)
a O O 20 98 182-183
- | T
0
cl
b 24 97 288-289
0
O o} O
OH
c O O 35 93 240-242
- LT
o
OMe
d 30 98 205
0
O e} O
NO,
I O
e O O 35 98 210
- T
0
Br
f 33 90 299-301
_°
O o} O
F
F @
g 18 98 238
_°
O o} O
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Conclusion

Our findings revealed a simple synthesis of 14-aryl-14H-
dibenzo-[a,j]xanthenes using SiO,-BHSB as an efficient
catalyst. The attractive features of this protocol are simple
procedure, short reaction time, high yields, simple workup,
reusability of the catalyst and non-chromatographic
purification of products, i.e. simple recrystallization from
ethyl acetate. In the field of benzoxanthene synthesis, this
approach could make a valuable contribution.

Acknowledgments
The authors are thankful to the Principal, Bahirji Smarak
Mahavidyalaya, Basmath, Maharashtra to provides the
laboratory facilities.

References

1. Najmedin A, Task specific dicationic acidic ionic
liquids catalyzed efficient and rapid synthesis of
benzoxanthenones derivatives, Journal of Molecular
Liquids, October 2016; 222:783-787.
https://doi.org/10.1016/j.molliq.2016.07.128.

2. Burange A. Green synthesis of xanthene and acridine-
based heterocycles of pharmaceutical importance: a
review, Environmental Chemistry Letters, 2021;
19:3283-3314,  https://doi.org/10.1007/s10311-021-
01223.

3. Korupolu RB, Maripi S, Madasu SB, Majji RK, Ganta
RK, Chilla PN. Nano Nickel-Cobalt Ferrite Catalyzed
One Pot Synthesis of 14-Aryl-14H-Dibenzol[A,
J]Xanthenes and  12-Aryl-8, 9, 10, 12-
Tetrahydrobenzo[ A]Xanthene-11-One Derivatives.
Orient J Chem 2017, 33(1).

4. Pratibha Bansal, Navneet Kaur, Chander Prakash,
Ganga Ram Chaudhary, ZrO2 nanoparticles: An
industrially viable, efficient and recyclable catalyst for
synthesis of pharmaceutically significant xanthene
derivatives, Vacuum. 2018; 157:9-16.

5. Javad Safari, Pegah Aftabi, Majid Ahmadzadeh,
Masoud Sadeghi, Zohre Zarnegar, Sulfonated starch
nanoparticles: An effective, heterogeneous and bio-
based catalyst for synthesis of 14-aryl-14-H-
dibenzo[a,j]xanthenes, Journal of Molecular Structure.
2017; 1142:33-39.

6. Abdolhamid Bamoniri, Bi Bi Fatemeh Mirjalili & Sara
Fouladgar Fe;04@Si0,-SnCls: An Efficient Catalyst
for the Synthesis of Xanthene Derivatives under
Ultrasonic Irradiation, Polycyclic Aromatic
Compounds. 2017; 37(5):345-361
DOI: 10.1080/10406638.2015.1122640

7. Pd-Catalyzed  Formal [3+3] Annulation of
Benzylic gem-Diacetates: ~ Synthesis of  Various
(Hetero)Arene-Fused Benzo[f]chromenes
Organometallics Article ASAP
DOI:10.1021/acs.organomet.2c00472

<57>

10.

11.

12.

13.

14.

15.

16.

Sami Ullah Bhat, Rawoof Ahmad Naikoo, Muzzaffar
Ahmad Mir, Rayees Ahmad Bhat, Manzoor Ahmad
Malla, Radha Tomar, "Synthesis of 14-Aryl-14H-
dibenzo[a,j]xanthene Derivatives Using H-Zeolite A
as an Efficient and Reusable Catalyst under Solvent-
Free Condition", Journal of Materials, vol. 2016,
Article ID 7908584, 10  pages, 2016.
https://doi.org/10.1155/2016/7908584

Farahnaz K. Behbahani, Mastooreh Valiallahi,
Synthesis of 14-aryl-14H-dibenzo[a,j]xanthenes using
CuSO4-5H20 as a green and reusable catalyst,
Arabian Journal of Chemistry,2017, Volume 10,
Supplement 2,Pages S1686-S1689

Roy Choudhury, A., Paul, S. B. & Choudhury, S.
(2019). 14-(4-Chloro-phen-yl)-14H-
dibenzol[a,j]xanthene. IUCrData, 4,

https://doi.org/10.1107/S2414314618018461

Bi Fatemeh Mirjalili, Zahra Zaghaghi & Azam
Monfared (2020) Polystyrene Sulfonic Acid Promoted
Synthesis  of  14-Aryl-14H-dibenzo[a,j]xanthenes,
Organic Preparations and Procedures International,
52:5,422-427.

Rajesh H. Vekariya, Neelam P. Prajapati & Hitesh D.
Patel. Silica-supported polyphosphoric acid (PPA-
SiO2): An efficient and reusable heterogeneous
catalyst for ecofriendly organic synthesis, Synthetic
Communications. 2016; 46(3):197-
219, DOI: 10.1080/00397911.2015.1114633
Babasaheb P. Bandgar, Shrikant S. Gawande &
Dnyanoba B. Muley. Silica supported perchloric acid
(HCI04-Si03): a green, reusable, and highly efficient
heterogeneous catalyst for the synthesis of thioethers
under solvent-free conditions at room temperature,
Green Chemistry Letters and Reviews. 2010; 3(1):49-
54, DOI: 10.1080/17518250903447118

Zolfigol MA, Madrakian T, Ghaemi E, Afkhami A,
Azizian S, Afshar S. Synthesis of Morpholinated and
8-Hydroxyquinolinated =~ Silica Gel and Their
Application to Water Softening. Green Chem. 2002;
4:611-614. DOI: 10.1039/b208526¢g

Karade H, Sathe M, Kaushik MP. An Efficient Method
for the Synthesis of 2-Aminothiazoles Using Silica
Chloride as a Heterogeneous Catalyst. Catal.
Commun. 2007; 8:741-746. DOI:
10.1016/j.catcom.2006.09.005.

Vinod T. Kamble, Kailas R. Kadam, Amit S.
Waghmare, Vaishali D. Murade, Synthesis of silica
chemisorbed bis(hydrogen sulphate)benzene (SiO»-
BHSB) as a new hybrid material and it's utility as an
efficient, recyclable catalyst for the green synthesis of
bis(indolyl)methanes, Sustainable Chemistry and
Pharmacy, 2020; 18:100-314.


https://academicjournal.ijraw.com/

IJRAW

17.

18.

19.

Zhigiang Wu, Gang Wang, Shuo Yuan, Dan Wu,
Wanyi Liu, Baojun Ma, Shuxian Bi, Haijuan Zhana
and Xiaoyan Chena. Synthesis of
bis(indolyl)methanes under dry grinding conditions,
promoted by a Lewis acid—surfactant—SiO2-combined
nanocatalyst; Green Chemistry, 2019, Issue 13.

Kabeer Ahmed Shaikh and Uddhav Nivrutti Chaudhar.
Facile and efficient synthesis of xanthene derivatives
mediated by lanthanum(iii) nitrate hexahydrate under
solvent free conditions. Chemistry Journal of
Moldova, 2020, 15(2).

G. Mohammadi Ziarani, A.-R. Badiei, M. Azizi. The
one-pot synthesis of 14-aryl-14H-dibenzo[a,j]xanthene
derivatives using sulfonic acid functionalized silica
(SiO2-Pr-SO3H) wunder solvent free conditions.
Scientia Iranica. 2011; 18(3):453-457.

<58>

https://academicjournal.ijraw.com


https://academicjournal.ijraw.com/

