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Abstract

In this work, we explored the convenient and sustainable method for the synthesis
of 1, 8 dioxodecahydroacridine derivatives was achieved via a one-pot condensa-
tion reaction of dimedone, para-nitrobenzaldehyde, and ammonium acetate by using
theophylline as a catalyst at room temperature in aqueous medium. This environ-
mentally friendly method boasts several notable features, including high product
yields, rapid completion of reactions, the use of eco-friendly and bio-based catalysts,
straightforward work-up procedures without the need for column chromatography,
cost-effectiveness, clean synthesis practices that avoid the use of harmful organic
solvents, and exceptional atom efficiency.

Keywords Heterocycles - Eco-friendly and bio-based catalyst - 1, 8
Dioxodecahydroacridine - Aqueous medium

Introduction

The growing volumes of waste and the harmful residues that inevitably lead to
chemical pollution need to be prevented from entering our environment. Con-
sequently, synthetic chemists are driven to develop safer technologies that are
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crucial for the principles of green chemistry. The development of inventive chemi-
cal processes should align with green principles, which encompass practices such
as efficient separation and catalyst reutilization, non-toxicity, non-flammability,
and the use of environmentally friendly solvents. Water is a solvent that is more
readily available, sustainable, and environmentally advantageous [1]. The integra-
tion of Multicomponent reactions (MCRs) with the class of heterocyclic chemistry
stands as a highly significant notion in organic synthesis [2]. The efficacy of MCRs
becomes apparent when applied to generate a range of heterocyclic frameworks [3].
As a result, the advancement of MCRs has emerged as a dynamic and intricate sub-
ject in contemporary organic chemistry. This evolution offers a more atom-efficient
pathway to access a diverse array of compounds [4]. Heterocyclic compounds hold a
noteworthy and distinctive position within the field of medicinal chemistry [5].

A nitrogen-based heterocyclic compound plays a pivotal role, found in a diverse
array of biologically active substances. These cores are present either through syn-
thetic means or naturally occurring processes, with a multitude of biological applica-
tions [6]. Acridine analogs have a wide range of medicinal applications, as depicted
in (Fig. 1) [7] including anti-bacterial (S-303) [8], anti-HIV (CGP40336A) [9], anti-
malarial (Quinacrine) [10], anti-cancer chemotherapeutics (N-(2-(dimethylamino)
ethyl)acridine-4-carboxamide (DACA), nitracrine, amsacrine [7], anti-tumor [11],
anti-glaucoma [12], and laser dyes due to their high fluorescence efficiency [11].

Hence, the synthesis of derivatives of Acridine diones stands as a crucial and
fundamental objective within the field of organic chemistry. Acridine molecule
was synthesized by many different catalysts such as, [MIMPS];PW,,0,, (a) and
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Fig. 1 Biological scaffolds of Acridine derivatives
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[TEAPS],PW,,0,, (b) [13], DBH or DCH [14], f-CD-mono SO;H [15], Nano-
FGT [16], Cobalt-alanine metal complex [17], Mo,s, [18], [TBA],[WO,0] [19],
Melamine—formaldehyde resin supported H* (MFRH) [20], Green graphene
oxide incorporated strontium magnetic nanocatalyst (MSrGO NCs) [21], Tung-
stophosphoric acid nanoparticles supported on polyamic acid (TPA NPs/PAA) [22],
Na*-MMT-[bip]-NH,* HSO,~ [23], Molybdic acid-functionalized silica-coated nano-
Fe;0, particles (Fe;0,@Si0,-MoO;H) [24], Ferric hydrogen sulfate supported on
silica-coated nickel ferrite.

Nanoparticles [NiFe,0,@SiO,-FHS] [25], Cerium-doped ZSM-5 [26], Carbon-
doped MoO; [27] Dicationic ionic liquid [28], KCC-1-nPr-NH-Arg [29]. Frequently,
they suffer from the disadvantages of extended reaction duration, harsh reaction condi-
tions, toxicity, and challenges in isolating the final products. These factors restrict their
applicability in the construction of intricate molecules. Drug molecules have signifi-
cant attention in research because of their eco-friendly and bio-based properties [30].
Numerous benefits come with utilizing theophylline (Fig. 2) as an environmentally
friendly and bio-based catalyst [31].

The benefits of employing theophylline as an eco-friendly and bio-based catalyst in
organic compounds synthesis include its easy handling, eco-friendliness, affordability,
gentle nature, widespread availability, non-harmful properties, and biodegradability. In
this work we introduce the greener synthetic method by reporting a greener, simple,
environmental friendly, and mild reaction conditions for the synthesis of 1, 8 dioxo-
decahydroacridine using theophylline as a green, efficient and bio-based catalyst via
Hantzsch condensation. Theophylline is a medication belonging to the methylxanthine
class, prescribed for the treatment of respiratory conditions like chronic obstructive
pulmonary disease (COPD), wheezing, shortness of breath Emphysema, and other lung
diseases, and it is marketed under various brand names [32]. In this work, we would
like to report a new greener methodology for the synthesis of 1, 8 dioxodecahydroacri-
dine by using para-nitrobenzaldehyde, dimedone, and ammonium acetate catalyzed
by theophylline as an efficient and solid base catalyst in aqueous medium at room
temperature.

Result and discussion

We began by assessing the catalytic performance of theophylline in a model system,
a three-component reaction involving a mixture of para-nitrobenzaldehyde (1 mmol),
dimedone (2 mmol), and ammonium acetate (1 mmol). We fine-tuned the reaction con-

ditions by experimenting with different solvents, and amounts of catalyst. When the
reaction was performed without a catalyst at room temperature by using a mixture of
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N.S. Dhane et al.

Table 1 Screening of conditions for the synthesis of 1, 8 dioxodecahydroacridine

Entry Theophylline (mol%) Solvent/conditions Time (min) Isolated yields (%)
1 Catalyst free H,0:EtOH, rt 80 Trace

2 5 EtOH, rt 40 60

3 5 H,0, rt 45 57

4 10 H,0, rt 25 75

5 10 EtOH, rt 34 82

6 10 H,0, rt 45 90

7 15 EtOH, rt 17 95

8 15 H,0, rt 10 98

Reaction conditions: Para-nitrobenzaldehyde (1 mmol), Dimedone(2 mmol), Ammonium acetate
(1 mmol)

The yields are related to the isolated products

NO,

(o]
(o) (0] i o O
/©)J\H X N Theophylline 15 mol% 0 o
0N H,0,R.T
1mmol
1mmol 2mmol

Scheme 1. Synthesis of 1, 8 dioxodecahydroacridine

solvents H,O: EtOH for approximately 80 min, only a trace amount of product was
obtained (Table 1, entry 1). The most favorable outcome was achieved when we con-
ducted the reaction using theophylline (15 mol%) in a mixture of para-nitrobenzalde-
hyde (1 mmol), dimedone (2 mmol), and ammonium acetate (1 mmol) in an aqueous
medium at room temperature (Table 1, entry 8).

Subsequently, we applied the optimized conditions to the model scheme for the
synthesis of 1, 8 dioxodecahydroacridine (Scheme 1), using 15 mol% of theophyl-
line in aqueous medium at room temperature, for the condensation reaction of aro-
matic aldehydes containing electron-withdrawing and electron-donating groups to
synthesize the 1, 8 dioxodecahydroacridine. In addition, turn over number (TON)
and turn over frequency (TOF) were calculated for evaluate the efficiency and activ-
ity of the catalyst. (Table 2).

To assess how theophylline functions as a catalyst, we have depicted the gen-
eral schematic representation in Fig. 3, according to the literature [32]. Based on
the proposed mechanism theophylline abstracts the proton of active methylene from
dimedone then Knoevenagel condensation between dimedone and para-nitroben-
zaldehyde to form an intermediate (I). Which further shows Michael addition with
another molecule of dimedone to form an intermediate (II). That intermediate (II)
again reacts with ammonium acetate to form an intermediate (III) which undergoes
intramolecular cyclisation to get the final product (IV) (Fig. 4).
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Table 2 Synthesis of 1, 8 dioxodecahydroacridine derivatives catalyzed by theophylline

Entry Aldehyde M.P M.P (Theo.)°C Yield % TON® TOF*
(1 mmol) (Obs.)°C

1 ©/°“° 194-196 192-194 [33] 94 631 2524

2 /©/°”° 284-286 286-289 [34] 98 6.55  40.93
O,N

3 Q/C“o 288-290 291-294 [35] 95 6.38 22.78
F

4 e N 294-296 297-299 [36] 96 6.45 24.80
AJ

\

5 “"90:@/“0 OMe 248-250 250-252[37] 90 6.005 20.01

6 288-289 300-302[38] 93 629 3145

7 276 279 [39] 89 6.06 28.85
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Table 2 (continued)

Entry Aldehyde Product M.P M.P (Theo.)°C Yield % TON® TOF*
(1 mmol) (Obs.)°C

8 265 267 [40] 86 582 3238

9 286-288 300 [23] 89 6.05 2423

10 295-296 297-299 [41] 92 6.20 22.15

11 292-294 294-295[42] 94 6.38  24.54

Reaction conditions: Para-nitrobenzaldehyde (1 mmol), Dimedone(2 mmol), Ammonium acetate

(1 mmol), Theophylline (15 mol%), Distilled water (5 ml)
STON is the moles of reactant converted per mole of catalyst
*TOF was defined as mol ,mol™! h™!

product catalyst

Recyclability of catalyst

The primary factor of greatest significance in organic transformations is the ability
of a catalyst to be reused efficiently. After completion of the reaction, filter the prod-
uct which is in crude solid form, and give washings by using distilled water. Then
collect the filtrate to recover the catalyst, which is soluble in water, the filtrate was
subjected to extraction with diethyl ether. The aqueous layer containing theophylline
was separated, and its solvent was removed under reduced pressure to recover and
reuse the theophylline. As depicted in Fig. 5, the catalyst recovered from this process
exhibited consistent performance up to the second run. However, in the third, fourth,
and fifth runs, there was a slight decrease in product yield, possibly attributable to a
minor loss of catalyst weight during each recovery cycle. Initially, our focus was on
synthesizing 1, 8 dioxodecahydroacridine derivatives, employing theophylline as a
highly effective, environmentally friendly, and bio-based catalyst. Here, we present
a comparative table that illustrates the differences between the previous study and
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Fig.3 General schematic representation for the synthesis of 1, 8 dioxodecahydroacridine catalyzed by
theophylline in an aqueous medium

the current one (Table 3). In addition after the fifth run both IR and NMR data were
recorded. IR data shows that small change in IR (Fig. 6) but NMR data does not
show any change (Fig. 7). These findings indicate that initial characteristics of theo-
phylline remained as it is even after fifth run without any change.

Conclusion

In conclusion, using theophylline as a catalyst in the three-component Hantzsch
condensation reaction to produce 1, 8 dioxodecahydroacridine presents a compelling
eco-friendly and bio-based approach in organic synthesis. The highlighted advan-
tages of this method, such as its environmentally benign reaction conditions, facile
product isolation, impressive yields, reduced reaction times, and catalyst recycla-
bility, underscore its alignment with the core tenets of green chemistry. However,
as with any novel synthetic approach, several future challenges and opportunities
for further improvement can be anticipated. We are exploring a wider range of sub-
strates and functional groups to enhance the versatility and applicability of this
method. Investigating methods to improve the catalytic efficiency of theophylline
and optimizing reaction conditions for even higher yields, selectivity, and transition-
ing from laboratory-scale synthesis to larger-scale production while maintaining the
efficiency and sustainability of the process for industrial implementation. Delving
deeper into the mechanistic aspects of the reaction to gain a comprehensive under-
standing and potentially refine the reaction pathway. Evaluating the cost-effective-
ness of this approach concerning large-scale production and its economic feasibility
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NO,

Fig.4 A plausible reaction mechanism for the synthesis of 1, 8 dioxodecahydroacridine catalyzed by
theophylline in an aqueous medium

compared to traditional methods. Addressing these challenges will not only refine
this eco-friendly synthetic route but also contribute to its broader adoption in practi-
cal applications. By overcoming these hurdles, the synthesis of 1, 8 dioxodecahy-
droacridine via Hantzsch condensation using theophylline can further solidify its
place as a sustainable, efficient, and environmentally benign protocol in the realm of
organic synthesis.

Experimental
General
All chemicals were garnered from Loba and Sigma-Aldrich chemical compa-

nies and used without any additional purification. Double distilled water was
employed as an aqueous medium. The rate of reaction was enhanced by using
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Fig.5 Recyclability of Theophylline

theophylline. Melting points were ruled uncorrected using a melting/boiling point
apparatus (EQ730A-EQUIPTRONICS). By using a Bruker or JEOL spectrom-
eter, the 'H and '*C NMR spectra were recorded at 400 and 100 MHz, respec-
tively. High-resolution mass spectra were recorded via a Waters Synapt G2 apply-
ing electrospray ionization (ESI).

General procedure for the synthesis of 1, 8 dioxodecahydroacridine

An equimolar mixture of para-nitrobenzaldehyde (1 mmol-0.1511 gm), dimedone
(2 mmol-0.5606 gm), ammonium acetate (1 mmol-0.07708 gm), and 15 mol%
theophylline (15 mol%-0.027 gm)and double distilled water was stirred under a
magnetic stirrer at room temperature and within 10 min we got the crude prod-
uct. Completion of the reaction was supervised by TLC in n-hexane: ethyl acetate
(7:3). The solid product was separated by simple filtration by giving washings of
water. The separated solid product was recrystallized by ethanol and character-
ized by IR, NMR, and HRMS.

1. 9-(4-Nitrophenyl)-3,3,6,6-tetramethyl-1,8-dioxodecahydroacridine (Table 2,
Entry-2)

@ Springer



N.S. Dhane et al.

JIOM 1u9saId 8696 un O OH“Ld aurpifydoay, (4
[zs] 8668 urw g1-¢ 3211 JUSA[OS D, 0L s.dANIN OSIN®"0%d 1
uu g

:ﬂ WO\OO ﬁ— N\EME WW 'l EOHM ,Uo Ow UﬁmOQEOOOE&GOMQ QEENOHU.Tﬂoﬁmrﬁﬁ_n—oxﬁvauﬂmwOﬁr_o oﬁvﬂwmz Oﬁ

[og] 8 uu O HOM Do 08 [VSINES]proe druognsoydessw[[Ayia(£xooyins)-z]osornya) 6

[1+] €8 ug O'H:HOM ‘Do 071 "OdHY 8

[6t] 76798 qg HOMW “L 4 (SNODAV) s199ysouru 9prxo duaydess pazieuonouny-suruy L

[st] 86 unu ¢ 901J JUAATOS “L {5(ND)DIINTIAH] ) 3es uajjowr parmonnsoueN 9

[L¥] SL—SY 49¢ (% 10w 67) yong» ‘Xnyoy IsATereo-ny S

[ot] 6 Tl 3a1) JUAA[OS D, 0TI _SON)D +“HN-[diq]-%O1L v

[sy] 8 08 HOM “xngoy saponaedoueu 7o'y o duz 0ns OIN €

[+¥] L6 yl O°H “xngoy VVIOIS®VHU® Y 4

[ev] S6-0L uw Z1—¢ HOM:OH "L ¥ HOS-uesoy) I
SQIUAIAYY (%) PIRIA Quil], SuonIpuo)) 141818 ON ‘IS

suonIpuod uonoear pajiodoy ym Apnis aaneredwos v ¢ ajqeL

pringer

As



Synthesis of 1, 8-dioxodecahydroacridines via Hantzsch...

T T T T T T T T v T T T T

& J
o~
& w
Q ] TS 7
Q b NN -
(<] aA30e
g = coe
& 888
é. g
w1
g | Before
=
=~ -

Z
o 'l Bl
w Oz O
= wl, w
! 3 53
8 ﬂ;”
s 8 8 B
= S = B
7e g8 5 8
® R ®
[EPEEEE TP TP | N

4000 3500 3000 2500 2000 1500 1000
-1
Wavenumber (cm )

Fig.6 FTIR of theophylline catalyst before (blue) and after (red) the Sth run of the reaction. (Color fig-
ure online)

'H NMR(400 MHz, CDCl; § ppm): 1.11 (s, 6H), 1.24 (s, 6H), 2.36-2.47 (m, 8H),
5.54 (s, 1H), 7.24-7.26 (d, 2H), 8.12-8.14 (d, 2H), 11.80 (s, 1H); '3C NMR(100
MHz, CDCl;, § ppm):27.47, 29.53, 31.49, 33.27, 46.41, 46.99, 114.91, 123.32,
127.67, 146.58, 190.97; HR-MS: 395.1971 (M + 1). DEPT of two —CH, carbon
appeared at 46.41 and 47.00 resp.

2. 9-(4-Chlorophenyl)-3,3,6,6-tetramethyl-1,8-dioxodecahydroacridine (Table 2,
Entry-6)

'H NMR (400 MHz, CDCl;_ 6 ppm): 1.09 (s, 6H), 1.21 (s, 6H), 2.32-2.43 (m,
8H), 5.46 (s, 1H), 7.00-7.02 (d, 2H), 7.21-7.23 (d, 2H), 11.87 (s, 1H); '*C NMR
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Fig.7 'H NMR spectrum of Theophylline (before the use of catalyst) and (after the 5th run of catalyst)

(100 MHz, CDCl;, & ppm): 27.44, 29.60, 31.44, 32.42, 46.44, 47.06, 115.33,
128.24, 128.35, 131.55, 136.77, 190.65; DEPT of two —CH, carbon appeared at

46.44 and 47.06 resp.

3. 9-(4-Methoxyphenyl)-3,3,6,6-tetramethyl-1,8-dioxodecahydroacridine (Table 2,

Entry-8)
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'"H NMR(400 MHz, CDCl;, 6 ppm): 1.09 (s, 6H), 1.22 (s, 6H), 2.34-2.42 (m,
8H), 3.76 (s, 3H), 5.48 (s, 1H), 6.79-6.81 (d, 2H), 6.99-7.01 (d, 2H), 11.92 (s, 1H);
13C NMR(100 MHz, CDCl,, 6 ppm):27.42, 29.67, 31.42, 32.06, 46.46, 47.10, 55.20,
113.67, 115.80, 127.82, 129.87, 157.62, 190.41.

4. 9-(4-Methylphenyl)-3,3,6,6-tetramethyl-1,8-dioxodecahydroacridine (Table 2,
Entry-7).

'"H NMR (400 MHz, CDCl; 6 ppm): 0.86 (s, 6H), 1.00 (s, 6H), 1.97 (d, 2H), 2.16
(d, 5H), 2.31 (d, 2H), 2.44 (d, 2H), 4.77 (s, 1H), 6.95 (d, 2H), 7.04 (d, 2H), 9.21 (s,
1H); 3C NMR (100 MHz, CDCl,, 6 ppm): 20.5, 26.4, 29.1, 32.1, 32.3, 50.2, 111.6,
127.5,128.0, 134.2, 144.3, 149.0, 194.2.

5. 9-(2-Nitrophenyl)-3,3,6,6-tetramethyl-1,8-dioxodecahydroacridine (Table 2,
Entry-10).

'H NMR (400 MHz, CDCl; § ppm): 0.85 (s, 6H), 1.00 (s, 6H), 1.93 (d, 2H), 2.14
(d, 2H), 2.32 (d, 2H), 2.45 (d, 2H), 5.62 (s, 1H), 7.26 (¢, 1H), 7.34 (d, 1H), 7.52 (1,
1H), 7.71 (d, 1H,), 9.34 (s, 1H); '*C NMR(100 MHz, CDCl,, 6 ppm): 27.1, 29.3,
29.9,32.5,50.7, 111.6, 124.1, 127.0, 130.8, 133.0, 142.2, 148.6, 150.3, 194.6.
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org/10.1007/s11164-023-05213-1.
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