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Abstract

This study explains the synthesis of 1,3-dithiolane and benzothiazolo-[2,3-b]-quinazolin-1-one derivatives employing
DABCO-based ionic liquids as a facile, sustainable, and recyclable catalyst. FT-IR, NMR, and mass spectrometry were
used to characterize synthetic compounds. The current approach displays a number of advantages, including an affordable
and environmentally friendly catalyst, green solvent media, a reduced reaction time, good to exceptional product yields, and
recyclability of the ionic liquid for subsequent reactions without a significant loss in activity.
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1 Introduction

Ionic liquids are currently receiving a lot of interest for
their potential use as catalysts in a variety of chemical
reactions [1-4]. Ionic liquids have attracted research and
academia, and their catalytic properties have been studied
extensively in recent years because of their alluring prop-
erties, including low vapour pressure, dissolving power,
non-volatility, non-flammability, and high thermal stabil-
ity [5-7]. From an environmental viewpoint, the quest for
a variety of ionic liquids that may act as catalysts and
solvents is necessary. The popularity of ionic liquids in
numerous fields of science can be attributed to their struc-
tural flexibility, such as electrochemistry, chemistry, biol-
ogy, and synthetic and industrial chemistry [8—11]. The
physical and chemical properties of ionic liquids are deter-
mined by the types of their cation and anion constituents.
This shows that a given ionic liquid can be systematically
tailored to have precise features termed as “task specific”
and “designer” ionic liquids [12, 13].

The acetalization reaction is a technique that is fre-
quently used in organic synthesis to protect the carbonyl
group of aldehydes and ketones and to produce final prod-
ucts, such as enantiomerically pure compounds [14] that
are useful in the production of synthetic carbohydrates
[15], steroids [16], pharmaceuticals, and fragrances [17].
In the synthesis of natural products and polyfunctional
molecules, the protection and deprotection of reactive
functional groups is required. In organic synthesis, the car-
bonyl group is one of the most studied and highly valued
functional groups due to its strong reactivity and extensive
variety of transformations [18]. The protection of carbonyl
functionality as dithioacetals or dithioketals is a common
and widely utilized strategy in organic chemistry, and it
is regularly employed as a synthetic step for the synthesis
of many significant natural and synthetic organic com-
pounds [19, 20]. The last step of the multistep synthesis
includes deprotection of the thioacetal to the original car-
bonyl group. Dethioacetalization of thioacetals into the
corresponding carbonyl compounds is a crucial transfor-
mation, but it is not a simple procedure. Dithioacetals are
commonly prepared by condensation of aldehydes and
ketones with dithiols employing protic acids, lewis acids,
a number of transition metal complexes, and polymer sup-
ported silica reagents.

Protecting carbonyl functional groups from nucleo-
philic attack until their electrophilic nature is utilized
during multistep synthesis is one of the most difficult
challenges. Dithioacetals are a key family of compounds
among carbonyl protecting groups as acyl anion equiva-
lents or masked methylene in carbon—carbon bond-forming
processes [21, 22]. Owing to its efficiency in synthesis

and inherent stability under acidic or basic conditions,
1,3-dithioacetal protection is regarded as the most ver-
satile among the current protective groups. Deprotection
of acetals [23] and thioacetals [24] to the parent carbonyl
group and transthioacetalization of O,0O-acetals to S,S-
acetals is a synthetically advantageous conversion.

Despite the fact that many studies used traditional cata-
lysts for carbonyl compound protection; there is still a focus
on finding alternative catalysts to solve issues like hard
reaction conditions and low chemoselectivity. Additionally,
environmental and commercial factors drove us to redesign
these procedures. As a consequence, there is more scope
to investigate mild and effective ways to transthioacetal-
ize substances. Water based organic reactions without the
utilization of hazardous chemicals, have generated a lot of
interest in recent years because water is widely accessible,
relatively inexpensive, and environmentally friendly [25].
Various methods have been reported in the literature to deal
with these dithiols because of their significance (Table 1).

Owing to the vast spectrum of biological actions, benzo-
thiazolo-[2,3-b]-quinazolin-1-one derivatives are the most
significant class of heterocyclic molecules, and the synthe-
sis of these molecules has attracted a lot of interest in the
realm of medicinal chemistry. A review of the literature
revealed that pyrimido[2,1-b]benzothiazoles demonstrate a
number of biological activities, including anti-inflammatory
[26], anti-fertility [27], anticancer [28], antimicrobial [29],
anti-allergic [30], anti-HIV [31], antiviral [32], fungicidal
[33], and anticonvulsant [34]. Considering the importance
of these benzothiazoloquinazolinone molecules, numerous
techniques have been documented in the literature (Table 2).

There is a great need to design a new and improved
method that employs less hazardous and ecologically
friendly materials to limit the amount of toxic waste and
byproducts. In continuation of our ongoing framework
to support environmentally benign methods in aqueous
medium, we report a convenient, mild, and highly chem-
oselective method for the thioacetalization of aldehydes and
ketones and the synthesis of benzothiazolo-[2,3-b]-quinazo-
lin-1-one derivatives utilizing DABCO based acidic ionic
liquids using a catalytic amount of DABCO based acidic
ionic liquids.

2 Experimental Section

2.1 Materials and Methods

All solvents and chemical materials used in this study were
acquired from Spectrochem, Merk, and Sigma Aldrich and
used without any purification, while solvents were puri-
fied by distillation before being used. Melting points were
recorded in capillary tubes by a programmable melting point
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Table 1 Literature survey for

the thioacetalization of carbonyl

compounds

Table 2 Literature survey for

the synthesis of benzothiazolo-

[2,3-b]-quinazolin-1-one
derivatives

@ Springer

Entry Reactions Solvent Temp Time Yield (%) Reference
conditions/Catalyst °O)

1 CSA Acetonitrile r.t 22 min 94 [35]

2 NBS CH,Cl, r.t 30min 78 [36]

3 Y(OTL;) CH,CN r.t 45 min 89 [37]

4 BTPTB Solvent-free r.t 70s 95 [38]

5 Catalyst free Glycerol 90 4h 75 [39]

6 HBA CH,CN r.t 1 min 95 [40]

7 Sc(0Tt;) CH,Cl, r.t 40min 90 [41]

8 CuBr CH,;CN r.t 8h 85 [42]

9 DBSA H,0O Reflux 1.3h 89 [43]

10 [Hmim]HSO,/NH,NO, Solvent-free 80 10 min 80 [44]

11 Catalyst free [bmim|]Br r.t 20 min 85 [45]

12 IL@SBA-15-Pr-SO;H Solvent-free  r.t 2h 98 [46]

13 [bmim]HSO, Solvent-free .t 1h 90 [47]

14 PEG, y0-DAIL Toulene 80 8 min 92 [48]

15 [BEPSe]|BF, Solvent-free  r.t 25h 83 [49]

16 SSA Solvent-free 60 5 min 95 [50]

17 SA-MNPs Solvent-free r.t 1h 96 [51]

18 SBA-15-ph-SO;H CH,;CN r.t 30min 96 [52]

19 [H,-DABCO][H,PO,], H,0 Reflux 70 min 82 Present work
20 [H,-DABCO][HSO,], H,0 Reflux ~ 70 min 82 Present work
21 [H,-DABCO][CIO,], H,0 Reflux ~ 70 min 85 Present work
22 [C,H,;-DABCO][HSO,], H,O Reflux ~ 60min 86 Present work
23 [C,H,-DABCO][CIO,], H,0 Reflux 60 min 89 Present work
Entry  Reactions conditions/Catalyst ~ Solvent Temp Time Yield Ref

O (%)

1 [NicTC]JHSO,@MNPs Solvent-free 50 l1h 83 [53]

2 C/TiO,-SO;-SbCl, Solvent-free 90 125h 93 [54]

3 Nano-TiCl,/cellulose PEG-400 70 1h 97 [55]

4 Nano-cellulose/BF5/Fe;0, Solvent-free 100 45min 98 [56]

5 Nano-Fe;0,@Si0,-TiCl, Solvent-free 80 45min 90 [57]

6 TMGT Solvent-free 100 5h 77 [58]

7 Fe;0,@NCs/Sb(V) Solvent-free 90 30min 98 [59]

8 Cu/GQDs/NiFe,0, H,0 r.t 40min 98 [60]

9 Guanidinium chloride Solvent-free 110 30 min 91 [61]

10 SBA-Pr-SO;H Solvent-free Heating 10 min 90 [62]

11 Fe;0,@chitoson Ethanol 40 90 min 90 [63]

12 [H,-DABCOI][HSO,], Solvent-free 100 20min 90 [64]

13 [DABCO](SO;3H),(Cl), Solvent-free 100 75min 95 [65]

14 [DABCO](SO;H),(HSO,), Solvent-free 100 60 min 93 [65]

15 [H,-DABCO][H,PO,], H,0 r.t 70 min 82 Present work
16 [H,-DABCO][HSO,4], H,0 r.t 70 min 82 Present work
17 [H,-DABCO][CIO,], H,0 r.t 70 min 85 Present work
18 [C4H,;-DABCO][HSO,], H,0 r.t 60 min 86 Present work
19 [C,H,,-DABCO][CIO,], H,0 r.t 60 min 89 Present work
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apparatus, and changes in chemicals were observed visu-
ally. FT-IR spectra were recorded with KBr pellets by the
Perkin-Elmer spectrometer. 'HNMR and '>*CNMR spectra
were determined on the BRUKER AVANCE NEO Spec-
trometer at 500 MHz and 125 MHz respectively, in CDCl,
and DMSO-d, solvents. Mass spectra were analyzed by a
Maldi Synapt XS HD mass spectrometer. TLC was used to
examine the purity of the product and monitor the reaction.

2.2 Procedure for Synthesis
of 1,4-Diethyl-1,4-diazoniabicyclo[2,2,2]octane
Dibromide

In a 100 mL flask, bromoethane (22 mmol) and 1,4-diazabi-
cyclo[2.2.2]octane (DABCO) (10 mmol) in dichloromethane
(10 mL) were mixed and stirred at room temperature for
12 h. The reaction mixture was then vacuum evaporated to
obtain a white residue, which was subsequently triturated
with dichloromethane (3 X 15 mL) to yield a white precipi-
tate, which was later filtered off and vacuum dried.

2.3 Procedure for the Synthesis
of 1,4-Diethyl-1,4-diazabicyclo[2,2,2]
octane-1,4-diium Hydrogen Sulfate

A stoichiometric amount of sulfuric acid (70%, 12 mmol)
was added drop-by-drop at 0 °C to a suspension of 1,4-die-
thyl-1,4-diazoniabicyclo[2,2,2]octane dibromide (5 mmol)
in diethyl ether (10 mL) and the mixture was stirred for 10 h
at room temperature. After completion of the reaction, the
solvent was decanted, and the resulting yellowish tinted
solid was frequently washed with diethyl ether (3 x 10 mL)
to obliterate non-ionic residues. Finally, the acquired white

Scheme 1 Synthesis of
[C,H,,-DABCO][HSO,],

r.t, 12h

DABCO

—N Br
[ NJ chhloromethane,
r.t, 12h J

DABCO

Scheme 2 Synthesis of [C,H,,-DABCO][CIO,],

—N
A7 i A2
chhloromethane, Diethyl ether,

5

Bromide salt

solid product was filtered and vacuum dried (Scheme 1)
[66].

2.4 Procedure for the Synthesis
of 1,4-Diethyl-1,4-diazabicyclo[2,2,2]
octane-1,4-diium Perchlorate

A stoichiometric amount of perchloric acid (70%,12 mmol)
was added drop-by-drop at 0 °C to a suspension of 1,4-die-
thyl-1,4-diazoniabicyclo[2,2,2]octane dibromide (5 mmol)
in diethyl ether (10 mL) and the mixture was stirred for 10 h
at room temperature. After completion of the reaction, the
solvent was decanted, and the resulting yellowish tinted
solid was frequently washed with diethyl ether (3 X 10 mL)
to obliterate non-ionic residues. Finally, the acquired white
solid product was filtered and vacuum dried (Scheme 2)
[67].

2.5 Procedure for the Preparation of Catalyst
[H,-DABCO][H,PO,],/[H,-DABCO][HSO,],/
[H,-DABCO][CIO,],

A stoichiometric amount of phosphoric acid/sulfuric acid/
perchloric acid (12 mmol) was added drop-by-drop at 0 °C
to the solution of 1,4-diazabicyclo[2.2.2]octane (5 mmol)
in dichloromethane (10 mL) and the mixture was stirred for
20 h at room temperature. Then the solvent was decanted,
and the resultant white solid was frequently washed with
diethyl ether (3 x 10 mL) to exclude all non-ionic residues.
Finally, the obtained ionic liquid was vacuum dried and
employed as a catalyst for further reactions [68, 69].

\ 2HSO,
J r.t, 10h J@
Bromide salt DDAIL
HCIO, A °
2Br _ = [ ® 2010,
Diethyl ether, N
r.t, 10h

I

DDAIL
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2.6 General Procedure for the Synthesis
of 2-(phenyl)-1,3-dithiolane

In a mixture of carbonyl compound (1 mmol) and 1,2-ethan-
edithiol (1.2 mmol), the dicationic acidic ionic liquid
(4 mol%) catalyst and water (5 mL) is added and left for
stirring at the room temperature for the required time
(Scheme 3). After completion of the reaction, the reaction
mixture was extracted with ethyl acetate. The organic and
aqueous layers were separated. The organic layer was con-
centrated under reduced pressure and purified the crude
product by recrystallization with methanol. Using a func-
tional test for aldehydes or ketones, the purified product was
screened qualitatively.

2.7 General Procedure for the Synthesis
of Benzothiazolo-[2,3-b]-quinazolin-1-one

A mixture of aromatic aldehydes (1 mmol), 1,3-diketones
(1 mmol) (Scheme 4) or B-dicarbonyls (Scheme 5), and
2-aminobenzothiazole (1 mmol) in water (5 mL) was
refluxed for the required period of time while being exposed
to the ionic liquid catalyst (4 mol%). After completion of the

Scheme 3 Synthesis of
1,3-dithiolane derivatives

reaction, the reaction mixture was cooled to room tempera-
ture, and extracted with ethyl acetate. The organic layer and
aqueous layers were separated, the organic layer was con-
centrated under reduced pressure, and the crude product was
purified by recrystallization with methanol. The catalyst was
dissolved in water and extracted by condensing the aqueous
layer under low pressure.

3 Results and Discussion

An ionic liquid that has undergone anionic variations to
modify its activity and selectivity is described as a task-
specific ionic liquid. In the ongoing work, we examine the
feasibility of several acidic ionic liquids based on DABCO,
including [H,-DABCO][H,PO,],, [H,-DABCO][HSO,],,
[H,-DABCO][CIO,],, [C4H,,-DABCO][HSO,],, and
[C4H,;-DABCO][CIO,],.

To optimize the reaction conditions, the synthesis of
2-(4-chlorophenyl)- 1,3-dithiolane from 4-CI benzaldehydes
(1 mmol) and 1,2-ethanedithiol (1.2 mmol) was selected as
the model reaction, and it was carried out under various
reaction parameters, including the solvent and amount of

/\

[N ¢

e R, 5
l'.t, HzO >< j

+
I
m%
»
s
\

R4 R
1 2 R1 S
R;=Phenyl, Alkyl 3a-3r
R2=H,CH3
Scheme 4 Synthesis of
benzothiazolo-[2,3-b]-quinazo- /\
lin-1-one derivati
1n-1-one derivatives N\7 2X
\>-N|-|2
H,0, Reflux
R1 R,
5 6(a-g)
7
Scheme 5 Synthesis of %
pyrimido-[2,1-b]-benzothiazole
derivatives CHO [N x°

@E \}NHZ .
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catalysts has been investigated and observations were noted
in Table 3. The model reaction was initially performed using
a variety of solvents, including ethanol, DMF, acetonitrile,
toluene, water, and solvent free.

It was found that among all solvents, water was the most
efficient solvent for this reaction rather than other solvents
in terms of both reaction time and yield of the required
2-(4-chlorophenyl)-1,3-dithiolane. Investigating the effects
of varied ionic liquid concentrations on the model reaction,
it was found that 4 mol% of catalyst was adequate to carry
out the reaction in high yields regardless of the concentra-
tion of the ionic liquid. In order to increase the yield of
the desired product, the catalyst was increased to 5 mol%,
but no appreciable improvements were seen in the yield
of 2-(4-chlorophenyl)-1,3-dithiolane. Therefore, utilizing
4 mol% of the catalyst at room temperature in an aqueous
medium is the ideal reaction condition for the synthesis of
2-(4-chlorophenyl)-1,3-dithiolane derivatives (Table 3, row
7).

To provide favourable conditions for the synthesis of
benzothiazolo-[2,3-b]-quinazolin-1-ones, the model reac-
tion was selected and ran it under different reaction param-
eters, as shown in Table 4. Initially, the model reaction was

conducted using different solvents like ethanol, methanol,
DMEF, acetonitrile, water, toluene, and solvent free condi-
tions. It was found that, among all solvents, water was the
most effective solvent for this reaction rather than other
solvents in terms of reaction time and yield of the desired
benzothiazolo-[2,3-b]-quinazolin-1-ones. The effect of the
catalyst on the model reaction was investigated in varying
amounts. It was found that increasing the ionic liquid con-
centration by 4 mol% was sufficient to complete the reac-
tion with a high yield. To increase the yield of the desired
product, the catalyst concentration was raised to 5 mol%,
but this had no noticeable influence on the yield of benzo-
thiazolo-[2,3-b]-quinazolin-1-one. Under the reflux condi-
tion, the maximum yield of the end product was noted. As a
result, refluxing the reaction with 4 mol% of the catalyst in
an aqueous medium provides the optimal reaction condition
for the synthesis of benzothiazolo-[2,3-b]-quinazolin-1-one
derivative (Table 4 Row 9).

The next step is to test the catalytic ability of ionic liquids
in the acceleration of organic transformations in the synthe-
sis of 2-(4-chlorolphenyl)-1,3-dithiolane. The catalytic effi-
ciency of DABCO based ionic liquids was evaluated, and the
findings demonstrated that [C,H,,-DABCO][CIO,], ionic

Table 3 Effect of solvent and amount of catalysts for the synthesis of 1,3-dithiolane using [H,-DABCO][H,PO,],, [H,-DABCO][HSO,],,
[H,-DABCO][CIO,],, [C,H,,-DABCO][HSO,], and [C,H,,-DABCO][CIO,], catalysts as A, B, C, D, and E respectively

cl cl
SH DDAIL
O —— S
r.t, Soivent
H s
CHO
Entry Solvent Catalyst Time (h) Yield (%)*
(mol %)
A B C D E A B C D E
1 Ethanol 5 2.5 2 2 2 2 60 60 62 65 68
2 DMF 5 35 3 3 3 3 57 57 58 60 65
3 Acetonitrile 5 2.5 2 2 2 2 65 67 69 72 75
4 H,0 1 3 3 3 3 3 64 62 65 68 70
5 H,0 2 3 3 3 3 3 70 70 72 74 74
6 H,0 3 2 2 2 2 2 75 75 76 77 77
7 H,0 4 1 1 1 1 1 82 82 85 86 89
8 H,0 5 1 1 1 1 1 82 82 85 86 89
9 H,0 - 3 3 3 3 3 Trace Trace Trace Trace Trace
10 Toluene 3 3 3 3 3 3 NR® NR® NR® NR® NR®
11 Solvent free 3 3 3 3 3 3 60 64 65 65 67
12 Solvent free - 4 4 4 4 4 trace trace trace trace trace

Reaction conditions: 4-chlorobenzaldehyde (1 mmol), 1,2-ethanedithiol (1.2 mmol) and ionic liquids (1-5 mol%), solvent (10 mL), r.t, *Isolated

yields, YNo Reaction
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Table 4 Effect of solvent and amounts of catalysts [H,-DABCO][H,PO,],, [H,-DABCO][HSO,],, [H,-DABCO][CIO,],, [C,H,;,-DABCO]
[HSO,], and [C,H,-DABCO][CIO,], as A, B, C, D, and E respectively

CHO
N HO ° O ppamL HO
\>—NH2 + + ——
s Solvent, Temp N
SJ\N
Entry Solvent Temp Catalyst Time (h) Yield (%)*
(°C) (mol %)
A B C D E A B C D E
1 Ethanol R.T 3 3 4 4 4 35 60 60 65 64 70
2 Ethanol 80 3 3 2 2 1.5 1.5 72 75 75 75 80
3 Methanol R.T 3 3 4.5 4.5 4 4 62 64 68 69 75
4 Methanol 80 3 3 3 3 3 2.5 70 72 73 74 82
5 DMF R.T 3 3 4 4 4 3.5 60 58 65 67 70
6 DMF 80 3 3 3 3 3 2.5 70 72 74 72 80
7 Acetonitrile R.T 3 3 6 6 6 5 60 60 60 60 65
8 H,0 Reflux 3 3 2 2 2 2 72 75 78 78 80
9 H,0 Reflux 4 3 2.5 2.5 2 2.5 75 80 83 82 85
10 H,0 Reflux 5 5 3 2.5 2.5 2 75 80 83 82 85
11 Toulene R.T 4 4 2 2.5 2.5 2 70 76 78 78 80
12 Toulene 80 5 5 2 2.5 2.5 2 74 76 78 78 80
13 Solvent free R.T 3 3 6 6 6 5 55 60 65 62 68

Reaction conditions: 2-hydroxybenzaldehyde (1 mmol), 1,3-diketone (1
(3-5 mol%), solvent (10 mL)

Tsolated yields

Table 5 Catalytic activity
of different acidic ionic
liquids in the synthesis of
2-(4-chlorolphenyl)-1,3-
dithiolane

Table 6 Catalytic activity
of different acidic ionic
liquids in the synthesis of
12-(4-Hydroxy-phenyl)-

2,3,4,12-tetrahydrobenzo[4,5]
thiazolo[2,3-b]quinazolin-1-one

@ Springer

mmol), and 2-aminobenzothiazole (1 mmol), and ionic liquids

Entry  Ionic liquids Catalyst ~ Condition  Time (min)  Yield (%) Reference
(mol %)
1 [H,-DABCO][H,PO,], 4 H,O/r.t 70 82 Present work
2 [H,-DABCO][HSO,], 4 H,0/r.t 70 82 Present work
3 [H,-DABCO][CIO,], 4 H,0/r.t 70 85 Present work
4 [C4H,-DABCO][HSO,], 4 H,0/r.t 60 86 Present work
5 [C,H,,-DABCO][CIO,], 4 H,O/rt 60 89 Present work
Entry  Ionic Catalyst Condition Time (h)  Yield (%)  Reference
liquids (mol %)
1 [H,-DABCO][H,PO,], 4 H,0O/Reflux 3 75 Present work
2 [H,-DABCO][HSO,], 4 H,0O/Reflux 2.5 80 Present work
3 [H,-DABCO][CIO,], 4 H,0O/Reflux 2.5 83 Present work
4 [C,H,;-DABCO][HSO,], 4 H,0O/Reflux 2 82 Present work
5 [C,H,,-DABCO][CIO,], 4 H,O/Reflux 2.5 85 Present work
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Table 7 Synthesis of 1,3-dithiolane and benzothiazolo[2,3-b]quinazolin-1-one derivatives
Entry Carbonyl compounds Products Time (min) Yield (%)
[Refer-
ence]
1 O O 50 85[New]
S
(e 0
- )
3a
2 S 45 90[New]
Oy O
d S
3b
3 S 40 89[70]
S
3c
4 S 40 91[70]
S
3d
> s 50 90(50]
OHCONOZ 02N‘®—< :\
S
3e
6 S 40 85[50]
OHCOOH ’ 04®_< :\
S
3f
7 S 45 90[70]
) O
S
3g
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Table 7 (continued)

Entry Carbonyl compounds Products Time (min) Yield (%)
[Refer-
ence]

8 S 40 88[50]

OHCOBr . j
S
3h
9 S 20 92[73]
/\CHO /\(\>
S
3i
1 /\/CHO S/> 25 90[73]
MS
3]
11 S 30 87[73]
>—CHO >__< j
S
3k
12 P2 s 30 89[73]
S
3]
13 CHO 35 88[73]
>\/ s/w
S
3m
14 COCH; H,C 50 89[70]

@ Springer
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Table 7 (continued)

Entry Carbonyl compounds Products Time (min) Yield (%)
[Refer-
ence]

15 COCH; cl 55 88[52]

cl He s
30
16 COCHg3; Br 70 90[52]
: : S j
Br H;C S
3p
17 COCH;,4 H,;CO 60 89[71]
S j
OCHj H,;C S
3q
13 COCH; O,N 55 90[71]
[: ] S j
NO, Hi¢” s
3r
19 CHO 50 85[New]
HO

@ Springer
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Table 7 (continued)

Entry Carbonyl compounds Products Time (min) Yield (%)
[Refer-
ence]
20 CH, 45 90[New]
CHO

21 cl 40 89[33]
CHO

22 OH 40 91[33]
CHO

23 NO, 50 90[33]
CHO

@ Springer
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Table 7 (continued)

Entry Carbonyl compounds Products Time (min) Yield (%)
[Refer-
ence]

24 CHO 40 85[33]

25 CHO 45 90[33]

26 HO % 50 77[74]

CHO
27 CHO 60 82[75]
@ OEt
28 NO, 55 88[75]
CHO

OEt

10c
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Table 7 (continued)

Entry Carbonyl compounds Products Time (min) Yield (%)
[Refer-
ence]

29 Cl 55 85[75]

CHO OEt
30 Br 50 86[75]
CHO

OEt

liquid promoted reaction in a shorter time with a higher yield
than the other stated DABCO based ionic liquids (Table 5).
Then the efficiency of acidic ionic liquids based on DABCO
in the synthesis of 12-(4-Hydroxy-phenyl)-2,3.4,12-tetrahy-
drobenzo[4,5]thiazolo[2,3-b]quinazolin-1-one was exam-
ined, and the findings demonstrated that [H,-DABCO]
[C1O,4], promoted reaction in a shorter time with a higher
yield than the other indicated acidic ionic liquids Table 6).
We explored reaction applicability with several aldehydes
and ketones containing different electron withdrawing or
electron donating substituents, which gave the expected
products, 1,3-dithiolane and benzothiazolo-[2,3-b]-quinazo-
lin-1-one derivatives (Table 7), at good to high yields with
high purity in aqueous media. It was observed that aromatic
aldehydes with electron withdrawing groups give the desired
products faster than those with electron donating groups.
Due to the reactivity difference between aldehydes and
ketones, this methodology may be used for chemoselec-
tive protection of the aldehydes in the presence of ketones.
For this confirmation, an equimolar mixture of benzalde-
hydes and acetophenone was reacted with 1,2-ethanedith-
iol using ionic liquid (4 mol%) as a catalyst, yielding only

@ Springer

2-(phenyl)-1,3-dithiolane in a 90% yield and 96% recovery
of acetophenone (Scheme 6).

By periodically performing the model reaction under
optimum conditions, the recyclability of ionic liquid was
examined for the synthesis of 2-(4-chlorophenyl)-1,3-dithi-
olane (Fig. 1) and 12-(4-Hydroxy-phenyl)-2,3,4,12-tetrahy-
drobenzo[4,5]thiazolo[2,3-b]quinazolin-1-one (Fig. 2). The
product was separated after the completion of the reaction
by extracting with ethyl acetate and separating the organic
and aqueous phases. The catalyst was recovered by condens-
ing the aqueous layer at reduced pressure, washing it in hot
ethanol, and reusing it without losing any reactivity in the
subsequent cycles. As a consequence, it can be stated that
the recovered catalyst is sufficiently stable after five cycles
and can be used in the synthesis of 2-(4-chlorophenyl)-
1,3-dithiolane and 12-(4-Hydroxy-phenyl)-2,3,4,12-tetrahy-
drobenzo[4,5]thiazolo[2,3-b]quinazolin-1-one.

Figure 3 and 4 demonstrates the relationship
between the yield of 2-(4-chlorophenyl)-1,3-dithi-
olane and 12-(4-Hydroxy-phenyl)-2,3,4,12-tetrahyd-
robenzo[4,5]thiazolo[2,3-b]quinazolin-1-one with reac-
tion time. The yield of 2-(4-chlorophenyl)-1,3-dithiolane
increased significantly between 0.1 and 1 h, whereas



Study of DABCO Based Acidic lonic Liquids Strategy for the Synthesis of 1,3-Dithiolane and... 1475

Scheme 6 Chemoselectivity of (o)
aldehyde and ketone in presence
of acidic ionic liquid

S
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Fig. 1 Recyclability of [C,H,;-DABCO][HSO,], and
[C,H,,-DABCO][CIO,], catalyst A and B respectively in the synthe-
sis of 2-(4-chlorophenyl)-1,3-dithiolane

£ BA
=
o
= mB
Pl

Runs

Fig.2 Recyclability of [C,H,;-DABCO][HSO,], and
[C,H,)-DABCO][CIO,], catalyst as A and B respectively in the
synthesis of 12-(4-Hydroxyphenyl)-2,3,4,12-tetrahydrobenzo[4,5]
thiazolo[2,3-b]quinazolin-1-one

extending the reaction time had no effect on the reac-
tion rate and was completed in about 1 h. Also the yield

Time (min)

Fig.3 The effect of reaction time on the yield for the synthesis of
2-(4-chlorophenyl)-1,3-dithiolane using [C,H;,-DABCO][HSO,],
and [C,H,-DABCO][CIO,], catalyst A and B respectively
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Fig.4 The effect of reaction time on the yield for the synthe-
sis of 12-(4-Hydroxy-phenyl)-2,3,4,12-tetrahydrobenzo[4,5]
thiazolo[2,3-b]quinazolin-1-one using [C,H;,-DABCO][HSO,], and
[C4H,;-DABCO][CIO,], catalyst A and B respectively
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Scheme 7 Proposed mechanism for the synthesis of 1,3-dithiolane

of 12-(4-Hydroxy-phenyl)-2,3,4,12-tetrahydrobenzo[4,5]
thiazolo[2,3-b]quinazolin-1-one increased between 1 and

Scheme 8 Proposed mechanism
for the synthesis of benzothia-
zolo-[2,3-b]-quinazolin-1-one

ﬂ /\
4 % 3
)N@ 2X

2.5 h Contrarily, increasing the reaction time has no impact
on the reaction rate.

The probable mechanism for the synthesis of 1,3-dithi-
olane is shown in Scheme 7. When aldehydes are coordi-
nated with ionic liquid, the carbonyl group of the aldehydes
is activated, and the thiol group of the ethylenedithiol attacks
the activated carbon of the carbonyl group, resulting in an
intermediate 1. Finally, the intermediate undergoes intramo-
lecular proton transfer followed by the removal of the water
molecule to produce 1,3-dithiolane.

Scheme 8 proposes a potential chemical pathway for
the reaction between aldehyde, 1,3-diketone, and 2-amin-
obenzothiazole. Aldehyde and 1,3-diketone have first been
bound to an ionic liquid catalyst and activated for fur-
ther condensation. The Knoevenagel reaction was used
to carry out the condensation of activated aldehyde and
1,3-diketone, producing an intermediate I. Following
that, 2-aminobenzothiazole generated an iminium ion by
reacting with intermediate I through a Michael addition.
Through proton transfer and cyclization, the final product,
4H-pyrimido[2,1-b]benzothiazole, was produced [53, 72].
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4 Conclusions

The present study shows the synthesis of 2-(phenyl)-
1,3-dithiolane and benzothiazolo-[2,3-b]-quinazolin-1-one
derivatives using DABCO based acidic ionic liquids as an
eco-friendly, recyclable, non toxic, and thermally stable
catalyst in an aqueous medium. FT-IR, NMR, and mass
spectrometry were used to characterize the structure of
synthesized compounds. In this work, the catalytic appli-
cability of different DABCO based ionic liquids was
investigated, and the results revealed that [H,-DABCO]
[H,PO,], ionic liquid had lower catalytic activity, whereas
[C,H,,-DABCO][CIO,], ionic liquid shows higher cata-
lytic activity. The proposed method displayed several nota-
ble merits, including an environment friendly and inexpen-
sive catalyst, green solvent media, a shorter reaction time,
good to excellent product yield, and recyclability of the
ionic liquid without a considerable reduction in activity.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10562-023-04411-1.
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