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Appendix I 

List of publications 

 
1) Sulfonated Graphene‐Oxide as Metal‐Free Efficient Carbocatalyst for the 
Synthesis of 3‐Methyl‐4‐(hetero)arylmethyleneisoxazole‐5(4H)‐ones and Substituted 
pyrazole 
 Puja Basak, Sourav Dey and Pranab Ghosh. 
 ChemistrySelect, 2020, 5, 626. 
 
2) A Green Synthetic Approach Towards One Pot Multicomponent Synthesis 
of Hexahydroquinoline and 9‐Arylhexahydroacridine‐1, 8‐dione Derivatives 
Catalyzed by Sulphonated Rice Husk  
 Sourav Dey, Puja Basak and Pranab Ghosh. 
 ChemistrySelect, 2020, 5, 15209. 
 
3) Convenient one-pot synthesis of 1,2,4-oxadiazoles and 2,4,6-triarylpyridines 
using graphene oxide (GO) as a metal-free catalyst: Importance of dual catalytic 
activity 
 Puja Basak, Sourav Dey and Pranab Ghosh. 
 RSC Advances, 2021, 11, 32106. 
 
4) A design for convenient and greener root towards one pot multi-component 
synthesis of substituted pyrano-dichromeno-dione and chromeno-pyrido-
pyrimidinone derivatives using rice husk based heterogeneous catalyst 
   Sourav Dey, Puja Basak, Subhajit Sarkar and Pranab Ghosh. 
 Asian Journal of Green Chemistry, 2020, 6, 24-39. 
 
5)   A a collective laboratory studies on one pot multi-component 
synthesis of a few varieties of heterocyclic compounds following greener 
approach using rice husk based greener catalyst  

   Sourav Dey, Puja Basak and Pranab Ghosh. 
  Chemistry Select (communicated, Manuscript No.-slct 202203405). 
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Appendix II 

 

Seminar and Symposium Attended 

 Science Academic Lecture Workshop On “ Frontiers in Chemical and 
Material Sciences: Theory and Practice (February 8-10, 2018) 

 International Seminar on “Frontiers in Chemistry 2018”(August 27, 
2018) 

 National Seminar on “Frontiers in Chemistry-2019”(May 22,2019) 
 International Seminar on International Year of the Periodic Table of 

Chemical Elements-2019 (November 22-23,2019;Poster presented) 
 National Seminar on Frontiers in Chemistry-2020 (5th March, Poster 

presented) 
 

 International Webinar about “Drug discovery Development and 
Vaccinatiom”(September 13,2020) 
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z Catalysis

A Green Synthetic Approach Towards One Pot Multi
Component Synthesis of Hexahydroquinoline and 9-
Arylhexahydroacridine-1,8-dione Derivatives Catalyzed by
Sulphonated Rice Husk
Sourav Dey, Puja Basak, and Pranab Ghosh*[a]

An efficient, straight forward, eco-friendly procedure for the
synthesis of biologically active hexahydroquinoline derivatives
and hexahydroacridine-1,8-diones has been designed using a
novel bio-degradable heterogeneous catalyst, sulphonated
rice-husk (SRH). SRH provides high density of acid groups
making it different from conventional solid acids containing
single acid groups. We report an efficient protocol for the
synthesis of hexahydroquinolines and hexahydroacridine-1,8-

diones using this carbon based acid catalyst (SRH) in solvent
free and greener solvent respectively. Moreover, operational
simplicity, greener reaction condition, reusability of the catalyst,
excellent yield (upto 98 %) are the fundamental features of this
protocol. The metal free catalyst was characterised using
different spectroscopic techniques FTIR, SEM, EDX, Powder
XRD, ICP-AES.

1. Introduction

Over the past decade, green chemistry has emerged as an
important environmental aspect to reduce the use of toxic and
hazardous reagents in synthetic and industrial chemistry. In
recent years industrial usage of agricultural wastage has
received much interest due to economical and environmental
reasons. Rice husk is a major agricultural by-product in south
Asian countries that can be a promising feedstock of industrial
use.[1,2] Rice husk (RH) contains cellulose, hemicelluloses, lignin,
ash like other lignocellulosic material and the features like high
silica content, high porosity, light weight and high external
surface area turn it a good catalyst support for many industrial
synthesis [3,4]. The use of eco-friendly catalysts and selected
green solvents are of being promising demand in recent years
for the synthesis of organic compounds.[5] In terms of green
chemistry, the development of efficient multi-component
reactions (MCRs) has attracted much consideration regarding
the use of heterogeneous catalyst.[2–3] One-pot MCRs are energy
saving processes that eliminates the multiple steps and
increases the productivity with high level of structural
diversity.[5–10] MCRs are convergent in nature and an important
toolbox of green chemistry to synthesize different biologically
active heterocyclic compounds. A large variety of MCRs are
catalyzed by homogeneous and heterogeneous acid catalyst.
However, solid acid catalyst have gained attention due to their

heterogeneous nature and are favoured over homogeneous
one as they can be easily separated from the reaction system.

Quinolines are ubiquitous in nature and they represent a
wide variety of pharmaceutical (Figure 1and agrochemical
products.[11] Substituted quinolines exhibit diverse biological
activities and they are found to be major building blocks in
various natural products.[12] Quinoline posseses considerable
interest due to their biological activity including antibacterial,
antifungal, antioxidant, anticancer, anticonvulsant, and antiviral
activity.[12–16] Substituted quinolines and tetrahydroquinolines
(THQ) are a class of heterocycles that serve as chemotherapeu-
tic agents also.[17–19] Many heterocyclic,[25] compounds contain-
ing the quinoline nucleus display anti-inflammatory activity
and they serve as antagonist inhibitors.[20]

Many heterocyclic,[25] compounds containing the quinoline
nucleus display anti-inflammatory activity and they serve as
antagonist inhibitors.[20] Quinolines with 1,4-Dihydropyridine
(DHP) nucleus have been found efficient in cardiovascular
diseases as calcium channel blockers.[21,22] Along with these, this
heterocyclic moiety have vast application in agricultural field
also.[23] Many recent research works are carried on this unique
heterocyclic motif due to its diverse biological activity.[24–25]

Several homogeneous and heterogeneous catalysts have
been employed for the synthesis of substituted hexahydroqui-
nolines derivatives. Among them, the synthesis using nano-
ZnO/ultrasound nano-Fe3O4,

[26] AcOH,[27] K2CO3,
[28]

triethylamine,[29] Fe3-xTixO4@SPDETATSA (N-(3-silyl propyl) dieth-
ylene triamine N,N’,N’’-tri-sulfonic acid immobilized on Fe3-

xTixO4magnetic nanoparticles[30] are noteworthy to mention.
Acridine derivatives containing keto functional groups are
found to be good anti-malarial agents and substituted
hexahydroacridine-1,8-dione being resemble to dihydropyri-
dine molecule can act as a K-channel openers in urinary-
bladder smooth muscle.[31,32] These acridinediones were also
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found to act as laser dyes due to electron delocalization and
exhibit fluorescence and laser activity.[33,34] The effectiveness of
lasing is dependent upon the substituents at C-9 and N-10 of
the acridine chromophore. Apart from the above applications,
acridinediones also possess other important photo-physical
and electrochemical properties.[35] Acridine dyes can bind with
photo damaged nucleic acids which have increasing interest as
mutagens in micro-organisms.[36] The usefulness of acridines
have led to the development of numerous methods of their
synthesis by the three component Hantzsch condensation of
aldehydes with β-diketones and ammonium acetate or appro-
priate primary amines. Many procedures describe the synthesis
of acridinedione derivatives by cyclocondensation between
dimedone and aldehyde and primary amine in the presence of
heat in organic solvents with a varity of catalysts such as
Fe3O4@B-MCM-41,[37] SO4 2/TiO2NPs,[38] Scolecite,[39] Pd
nanoparticle,[40] MNPsN-propyl-benzoguanamine-SO3H,[41] silica
bonded N-propyl sulfamic acid[42], CH3SO3H,[43] tetrabutylammo-
nium hexatungstate,[44] nano TiO2,

[45] SiO2/ZnCl2,
[46] protic pyr-

idinium ionic liquid,[47] CsCO3,
[48] ceric ammonium nitrate,[49]

organocatalysts,[50] Ni nanoparticles,[51] MgO,[52] thiamine
hydrochloride,[53] SnO2,

[54] La2O3/TFE (2,2,2-trifluoroethanol),[55]

Cd(NO3)2 .4H2O.[56] However, many protocols suffer from some
limitations such as harsh reaction conditions, costly and non
recyclable catalyst, and tedious purification, use of toxic
reagents and generation of hazardous wastes. By eliminating
the drawbacks of previous methods, it is important to find out
new greener protocols for the synthesis of substituted quino-
lines and hexahydroacridine-1,8-dione. Eco-friendly heteroge-
neous solid acid catalysts have gained much attention over
homogeneous catalysts owing to its easy separation process.
Amongst them carbon-based sulphonated catalysts are most
promising because of the presence of different acidic functional
groups and large carbon framework. Owing to the low price
and simple preparation, biomass waste (RH) is extensively used
in several field as mentioned above. With increasing demand in
green chemistry, the use of heterogeneous solid acid catalyst
has attracted the researchers regarding environmental issues.
An ideal solid acid catalyst should be the one which have
excellent stability, high porosity, active acidic sites, low cost
and hydrophobic surfaces. Among them carbon-based acidic
catalysts are most promising as they can be extensively
prepared from biomass material (RH). However, RH based
alkaline catalyst and solid acid catalyst under MW irradiation

has been reported previously.[57,58] Herein, we report a conven-
tional heating technique for the preparation of sulphonated RH
(SRH) and characterisation as well. We report the use of this
novel green catalyst SRH for feasible synthesis of hexahydro-
quinoline and hexahydroacridine-1,8-diones derivatives in one-
pot strategy.)

2. Results and discussion

The prepared catalyst was characterised by FTIR spectroscopy,
scanning electron microscopy (SEM), powder X-ray diffraction
(XRD) and ICP-AES for quantifying weight percentage of
sulphur and other elements. The comparison of FTIR, SEM
image and XRD pattern of RH and SRH strongly supports the
synthesis of the sulphonated catalyst through a completely
new method. The comparison of SEM images of RH and SRH
shows that a molecular aggregation occurs in SRH resulted
from the incorporation of –SO3H functional group into the
skeleton of rice husk material (Figure 2). EDX analysis of
sulphonated rice husk and rice husk showed a measurable
difference in the weight percentage of the elements especially
carbon, slicon, sulphur and oxygen (Figure 2).

The newly appearing band with a peak 1098 cm� 1 repre-
sents the symmetric and asymmetric streatching of S=O bonds
of –SO3H (sulphonic acid).The the new broad band at
3342 cm� 1 along with the band at 1098 cm� 1 both confirmly
denoting the incorporation of –SO3H groups in SRH after
sulphonation of rice husk (Figure 3). The powder XRD analysis
shows characteristics peaks at 2θ=20.82°, 22.28°, 26.67° in
which a broad peak at around 20° is due to the carbon
composed aromatic sheets which are oriented in a random
manner (Figure 4).[58]

ICP-AES analysis showed that weight percentage sulphur is
1 % to that of total weight of all the elements present. To make
surety in broad aspect all the results and graphs were
thoroughly viewd and compared with other sulphonated
materials such as sulphonated rice husk ash,[59] CBSC (carbon-
based sulphonated catalyst)[57] which confirmly showed that
SRH was morphologically and compositionally different from
those reported sulphonated catalysts. Detailed informations are
attached into the supporting information for further support.

Initially, the reaction was first started with benzaldehyde
(1 mmol), malononitrile (1 mmol), ammonium acetate
(1.2 mmol) and 5,5-dimethylecyclohex-1,3-dione (1 mmol) were

Figure 1. Some examples of biologically active drugs.
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taken in a 25 mL RB with 100 mg of catalyst. For screening the
reaction p-toluealdehyde (0.5 mmol), ammonium acetate
(0.8 mmol) and 5,5-dimethylecyclohex-1,3-dione (1 mmol) were
taken in a 25 mL RB.. However, in absence of catalyst the
formation of the corresponding product was diminished
(Table 1,entry 10). Excellent yield was observed in presence of
100 mg of SRH catalyst in ethanol solvent at 80 °C temperature
(Table 1, entry 1).With decreasing the amount of catalyst, the

yield of the product decreases slightly in ethanol. From the
optimized condition it is clear that SRH catalyst is proved to be
suitable for the conversion of hexahydroquinoline with ex-
cellent yield in short reaction time. The amount of the catalyst
and time of the reaction was further checked to find out the
optimized condition of the reaction. It was observed that the
best result was obtained at 70 °C temperature using 60 mg of

Figure 2. (a) SEM image of rice husk(RH) (b) SEM image of sulphonatrice husk (SRH) (c)EDX of RH (d) EDX of SRH.

Figure 3. FTIR of RH and SRH.
Figure 4. Powder XRD plot of SRH.
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catalyst SRH under neat reaction contion (Table 1, entry 13).
The effectiveness of SRH over other acid catalyst was estab-
lished as it requires very short reaction time under solvent free
condition and easily seperable from the reaction mixture
(Table 2, entry 11). The progress of the reaction was monitored
by thin layer chromatography (TLC) and the pure product was
separated by column chromatography with petroleum ether/
ethyl acetate (v/v ratio70/30) mixture. Role of methanol has
also been observed(table 1,entry 15) showing that product
yield is quite closer to that of ethanol but methanol is
considered as toxic alcohol so it should be avoided in greener
aspect of reaction. From the optimized condition it is clear that
SRH catalyst is proved to be suitable for the conversion of
hexahydroquinoline with excellent yield in short reaction time.
The amount of the catalyst and time of the reaction was further
checked to find out the optimized condition of the reaction. It
was observed that the best result was obtained at 70 °C

temperature using 60 mg of catalyst SRH under neat reaction
contion (Table 1, entry 13). Few controlled experiments were
carried out to compare our prepared catalyst (SRH) with some
conventional solid and liquid acid catalyst (Table 2). It was
observed from the results that most of the acid catalyst showed
good activity in ethanol solvent. However, some base catalyst
was also employed and they exerted the corresponding
product with high yield in 30 minutes (Table 2, entry 8–9). The
effectiveness of SRH over other acid catalyst was established as
it requires very short reaction time under solvent free condition
and easily seperable from the reaction mixture (Table 2,
entry 11). The progress of the reaction was monitored by thin
layer chromatography (TLC) and the pure product was
separated by column chromatography with petroleum ether/
ethyl acetate (v/v ratio70/30) mixture.

The generality of the reaction was also observed with a
variety of aromatic and heterocyclic aldehydes (Scheme 1).
There is no significant difference in the yield of the desired
product with electron donating and electron withdrawing
substituents at ortho, meta and para position of the aromatic
aldehyde. The target compounds (5a–5q) are successively
synthesized using SRH as efficient catalyst under neat reaction
condition and short reaction time.

2.1. Mechanism

A plausible SRH catalyzed synthesis of hexahydroquinoline is
established by considering the acidic behaviour of the catalyst
(Figure5). At very first step of the reaction, protonation occurs
at aldehyde oxygen of aromatic aldehyde followed by the
Knoevenagel condensation of malononitrile and aromatic
aldehyde. After that, Michael addition reaction occurs between
5,5-dimethylecyclohex-1,3-dione and 2-arylidenemalononitrile,
resulting a intermediate. However, this intermediate rapidly

Figure 5. The plausible mechanism for the synthesis of hexahydroquinoline.

Table 1. Optimisation of the reaction condition for the synthesis of
substituted 5-oxo-1,4,5,6,7,8-hexahydroquinolines.[a]

Entry Catalyst
(mg)

Solvent Temperature
(°C)

Time
(min)

Yield
(%)[b]

1 100 Ethanol 80 40 96
2 80 Ethanol 80 30 96
3 70 Ethanol 80 30 94
4 50 Ethanol 80 30 85
5 40 Ethanol 80 30 78
6 40 Ethanol 100 30 80
7 30 Neat 50 120 80
8 30 Neat 50 90 70
9 20 Neat 60 60 64
10 None Neat 80 120 30
11 80 Neat 70 40 96
12 80 Neat 70 30 96
13 60 Neat 70 20 96
14 60 Neat 60 20 92
15 80 Methanol 80 30 94

[a] Reaction of p-toluealdehyde (1mmol), malononitrile (1mmol), 5,5-
dimethyl-cyclohexane-1,3-dione (1mmol), ammonium acetate (1.2 mmol),
[b] tablefIsolated yield after purification through column chromatography.

Table 2. Comparison of efficiency of the catalyst for the synthesis of
substituted 5-oxo-1,4,5,6,7,8-hexahydroquinolines.[a]

Entry Catalyst Solvent Temperature
(°C)

Time
(min)

Yield
(%)[b]

1 PTSA(60mg) Ethanol 80 30 93
2 PEG-

400(5mL)
– 80 40 80

3 PEG-
200(5mL)

– 80 60 70

4 Glycerol
(5mL)

– 80 60 72

5 H2SO4 (5mL) Ethanol 70 30 85
6 AcOH (5mL) – 80 30 80
7 HClO4 (5mL) – 70 30 90
8 K2CO3

(60mg)
Neat 80 30 94

9 Et3N(5mL) – 80 30 95
10 Fe3O4 (60

mg)
Neat 80 30 91

11 SRH (60mg) Neat 70 20 96

[a] Reaction of p-toluealdehyde (1mmol), malononitrile (1mmol), 5,5-
dimethyl-cyclohexane-1,3-dione (1mmol), ammonium acetate (1.2 mmol),
[b] Isolated yield after purification through column chromatography.
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Scheme 1. Synthesis of substituted 5-oxo-1,4,5,6,7,8-hexahydroquinoline derivatives using sulphonated rice huska [a] Reaction of aromatic aldehyde (1mmol),
malononitrile (1mmol), 5,5-dimethyl-cyclohexane-1,3-dione (1mmol), ammonium acetate (1.2 mmol) and SRH (60 mg). The yields are isolated through column
chromatography.
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undergoes in cyclization and exters the target hexahydroquino-
line product.

First, the reaction was started with Anisaldehyde (1 mmol),
ammonium acetate (1.2 mmol) and 5,5-dimethylecyclohex-1,3-
dione (2 mmol) and the catalyst (SRH) in a 25 mL RB.
Optimisation reaction was carried out with taking anisaldehyde
and excellent yield was observed in presence of 40 mg of SRH
catalyst in ethanol solvent at 60 °C temperature (Table 3,
entry 7) with reaction time of 50 minutes. With decreasing the
amount of catalyst, the yield of the product decreases slightly
in ethanol. However, in absence of catalyst the formation of the
product was diminished (Table 3, entry 13). The performance of
the reaction is almost similar in methanol solvent but for
greener aspect ethanol is is considered as more safer solvent

than methanol to get the maximum yield. (Table3, entry 7 & 8).
From the optimized condition it is clear that SRH catalyst is
proved to be suitable for the conversion of hexahydroacridine-
1,8-dione with excellent yield in short reaction time. The
amount of the catalyst and time of the reaction was checked to
find out the optimized condition of the reaction. It was
observed that the best result was obtained at 60 °C temper-
ature using minimum amount of catalyst SRH (40 mg) in
ethanol (Table 3, entry 7).The progress of the reaction was
monitored continuously by thin layer chromatography (TLC)
and the pure product was separated only by recrystalisation
procedure in ethyl acetate and petroleum ether (1 : 1)

Scheme 2. Synthesis of substituted 9-arylhexahydroacridine-1,8-dione derivatives using sulphonated rice huska [a] Reaction of aromatic aldehyde (1mmol), 5,5-
dimethyl-cyclohexane-1,3-dione (2mmol), ammonium acetate (1.2 mmol) and SRH (50 mg). The yields are isolated through recrystalisation.
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2.2. Mechanism

A plausible SRH catalyzed synthesis of hexahydroacridine-1,8-
dione are established considering the acidic behaviour of the
catalyst (Figure 6). At very first step of the reaction, protonation
occurs at aldehyde oxygen of aromatic aldehyde followed by
Hantzsch condensation of aldehydes with β-diketones and
ammonium acetate. Intermediates are produced in situ rapidly
undergo cyclization and exters the targeted hexahydroacridine-
1,8-dione product.

2.3. Catalyst Recyclability Experiment

To check the recyclability of the catalyst, a model reaction
between benzaldehyde(1.6 mmol), malononitrile(1.6 mmol),
ammonium acetate(1.92 mmol) and 5,5-dimethylecyclohex-1,3-
dione(1 mmol) in presence of 100 mg of sulphonated rice husk
was carried out under optimised reaction condition. After
successful completion of the each reaction step, ethyl acetate
(10 ml) and water was added to the reaction mixture. The
supernatant liquid (ethyl acetate extract) was decanted off and
this process was repeated thrice. The catalyst was then filtered
and washed with water and acetone repeatedly and dried
under vaccum. The recovered catalyst weight was measured
after every recovery step and the next reaction was repeated in
required proportion of the reactants to that of weight of the
recovered catalyst. The temperature and time of the reaction
were kept constant in this regard. Amount of catalyst,
aldehyde, reaction time,temperature and yield percentage of
the product have been shown in table 4 (entry 1–7) The
catalyst can easily be separated from the reaction mixture by
simple filtration and was found to retain its acidic property,
even after 7th run (Figure 8). This was further supported by
comparing the FTIR spectra of fresh SRH catalyst and recovered
catalyst after successive reactions (Figure 7).

3. Conclusion

In conclusion, a simple and greener methodology for the
synthesis of variety of hexahydroquinolines and hexahydroacri-
dine-1,8-dione from commercially available aldehydes has been
established. We have introduced a new cheap and green
heterogeneous catalyst SRH (Sulphonated rice husk) for the
synthesis of substituted 5-oxo-1,4,5,6,7,8-hexahydroquinoline
and 9-Arylhexahydroacridine-1,8-dione derivatives with excel-
lent yield. This heterogeneous catalyst is found to be highly
efficient for the synthesis of hexahydroquinoline and hexahy-
droacridine-1,8-dione in short reaction time. The catalyst is
highly recyclable upto 7th run and has profound effect to
catalyze a wide range of acid-catalysed reactions.

Table 3. Optimisation of the reaction condition for the synthesis of
hexahydroacridine-1,8-dione [a]

Entry Catalyst
(mg)

Solvent Temperature
(°C)

Time
(min)

Yield
(%)[b]

1 90 Ethanol 80 120 97
2 80 Ethanol 80 90 97
3 70 Ethanol 80 70 97
4 60 Ethanol 80 60 97
5 50 Ethanol 70 60 95
6 40 Ethanol 70 60 95
7 40 Ethanol 60 50 95
8 40 methanol 60 60 94
9 40 Neat 60 50 84
10 40 Neat 80 90 86
11 40 Ethanol/H2O

(3:1)
70 60 62

12 40 Methanol/H2O
(3:1)

70 60 58

13 None Ethanol 70 120 20

[a] Reaction of anisaldehyde (1mmol), 5,5-dimethyl-cyclohexane-1,3-dione
(2mmol), ammonium acetate (1.2 mmol). [b] Isolated yield after purification
through recrystalisation procedure.

Figure 6. The plausible mechanism for the synthesis of hexahydroacridine-
1,8-dione.

Table 4. Table for the amount of recovered catatyst with isolated product
yield[a]

Entry Catalyst
(mg)

Aldehyde
(x mmol)

Temperature
(°C)

Time
(min)

Yield
(%)[b]

1 100 1.6 mmol 70 20 96
2 80 1.3 mmol 70 20 94
3 60 1.0 mmol 70 20 90
4 50 0.8 mmol 70 20 87
5 40 0.6 mmol 70 20 82
6 30 0.5 mmol 70 20 76
7 20 0.3 mmol 70 20 71

[a] Reaction of benzaldehyde (x mmol), malononitrile (x mmol), 5,5-
dimethyl-cyclohexane-1,3-dione (2x mmol), ammonium acetate
(1.2x mmol), [b] Isolated yield after purification through recrystalisation.
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Supporting Inforamation Summary

Supporting information data are provided in electronic sup-
porting information include experimental details, 1H NMR, 13C
NMR spectra of all the synthesized compounds (5a-5p), (4a-4h)
and EDX & ICP-AES data of the prepared catalyst.
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