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Abstract: Ultrasound promoted efficient procedure has been developed for the synthesis of spiro[acenaph-
thylene-thiazine]-diones in water using three component reaction of acenaphthalene-1,2-dione, anilines
and 3-mercaptopropionic acid in presence of polymer supported catalyst (PEG-OSO,H) as an inexpensive
catalyst. The dual role of the PEG-OSO,H as a Bronsted acid as well as phase-transfer catalyst has success-
fully expedited the present multi-component reaction. Reuse of the catalyst, excellent yield and use of water

as solvent make the procedure sustainable and eco-friendly.
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1. Introduction:

The finding of new chemical approaches
for preparation of organic compounds is a
fundamental research in the field of synthetic
organic, bioorganic and medicinal chemistry
[1,2]. One approach to deal with this challenge
include the growth of multicomponent
reactions (MCRs), in which reactants more
than two are combined mutually in a single
reaction flask to produce a product that contain
parts of all starting materials [3,4]. Thiazines
and its derivatives have been reported for
different pharmacological actions, such as anti-
microbial, anti-tubercular, anti-malarial, anti-
cancer, anti-inflammatory, anti-arrhythmic and
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anti-alzheimer activities etc [5].

Thiazine moiety is present in most valuable
drugs like Cephalosporins, Xylazin and
Chlormezanone etc [6]. The individuality,
resourcefulness and easy accessibility build
thiazines special sources of compounds [7, 8].
In view of the biological and pharmacological
importance of thiazines, considerable synthetic
efforts have been made to construct this class of
heterocycles recently [9-11].

Molecules with spirocyclic structure containing
one sp® carbon atom common to two rings
represent an attractive class of compounds
in  organic chemistry [12-14]. Spiro-
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acenaphthoquinones, occupy a significant
place among different families of spirocyclic
compounds, due to their pharmaceutical

properties [15-17].
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Figure-1; Some representative drugs
containing 1,3-thiazine

For the put up and increasing environmental
policy, organic chemists are requested to
build up environmentally friendly synthetic
methodologies by applying non-conventional
energy sources. In previous years the
improvement in synthetic protocols and to
activate weakly reactive molecules, utilization
of sonochemical approach is a new era change
in chemical synthesis [18]. The remarkable
features of the sonochemical approach are
improved reaction rates, formation of products
in high yields, easier handling, considered as
processing aid in terms of energy protection and
waste minimization compared with conventional
methods [19]. In addition, reactions in aqueous
medium have gained considerable momentum
[20-22] because water as a solvent is generally

PEG-OSO,H in aqueous medium (Scheme-1).
PEG‘—OSO3P.I is a polymer. sppported catal'yst
that is functionalized by acidic groups and is a
mild, non-volatile, and non-corrosive organic

acid which has been used in various organic
synthesis [26-28].

Itis relevant to mention that this is the first report
on the synthesis of new spiro[acenaphthylene-
1,2'[1,3]-thiazine]-2,4'(1H)-diones derivatives
(4a-f) installing PEG-OSO,H catalyzed three-
component protocol in water under sonication.
Generally, the synthesis of thiazine involves the
use of volatile carcinogenic hydrocarbons with
continuous azeotropic removal of water [29,30].
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Scheme 1. Synthesis of spiro[acenaphthylene-
1,2'-[1,3]-thiazine]-2,4'-(1 H)-diones
2. Results and Discussion

TABLE 1. Optimization of conditions for the
multicomponent synthesis of (4a).

considered as a cheap, safe and environmentally | gaery | Solvent |Condition C(;:)az/y;t Time Y'e'g /")f 4a
. . . 0 0
benign alternative to ‘synthetic’ solvents. : o s o 0
. . oqe . . min
Besides, this low solubility of organic molecule - :
) ) 2. | HO Us HCI 60 min 54
in water makes the separation of products easy :
. . 3. HO usS InCl, 60 min 56
by simple filtration. 2
4 | HO us p-TSA | 60min 73
o . 5. | HO Us CTABr | 60 min 75
Hence, inspired by these findings and due to our 2
; 6. | HO US  [PEG-OSOH| 20 min 88
research based on green chemistry theme [23- 2 :
. . 7. | CHCN | US  |PEG-OSOH| 20min 74
25], we wish to report herein a three-component :
. . 8. | THF US  |PEG-OSOH| 20 mi 59
protocol for the synthesis of drug-like ] o
spiro[acenaphthylene-thiazine]diones ~ (4a-f) | - | FOH US _|PEG-OSO.H| 20 min »
from the reaction of acenaphthalene-1,2-dione | ' | O | Stiring |[PEG-OSO;H| 20min | Noreaction
substituted anilines and 3-mercaptopropionic | ' | O | String |PEG-OSO,H| 60 min 46
. . . . . . Mixture of
acid under sonication in presence of an efficient, 12| H,0 | Reflux |PEG-OSO,H| 60min | * o
green, economical, recyclable polymericcatalyst  *jsolated yields
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Initially, to get 3'-(2-chlorophenyl)-
spiro[acenaphthylene-1,2'-[1,3]-thiazine]-
2,4'-(1H)-dione  (4a) we  tested the
reaction of acenaphthalene-1,2-dione 1 (2
mmol), 2-chloroaniline 2 (2 mmol), and
3-mercaptopropionic acid 3 (2 mmol) as a
simple model substrate in various reaction
conditions. The results are shown in Table 1. It
was found that when the reaction was carried
out without any catalysts in aqueous medium
and under sonication the yield of product was
very low (Table 1,< 30%, entry 1) even after
1h irradiation. To look up for better yields, we
did this reaction using different acid catalyst
(Table 1, entries 2-4). Bronsted acids HCl and
Lewis acid InCl, can catalyze this reaction with
moderate yields. However, the use of p-TSA
(p-toluenesulfonic acid), and surfactant CTABr
led good to better product formation (Table 1,
entries 4 & 5). Polymer supported, PEG-OSO,H
was identified as the optimal catalyst as the
desired product 4a was isolated in 88 % yield in
reduced time (Table 1, entry-6). Subsequently,
we further turned to testing the effect of solvents
CH,CN, tetrahydrofuran (THF) and EtOH but
they showed no superiority to water (Table 1,
entry 7-9) because water has higher maximum
cavitation intensity (Imax) than other solvents
[31].

To prove the effect of sonication the present
reaction was also carried out under conventional
manners in both stirring and refluxing conditions
in water and in presence of PEG-OSO,H (entry
10-12) in the absence of ultrasound irradiation.
As shown in Table 1, under high speed stirring on
magnetic stirrer, no reaction was observed after
same time but very lower yield of products was
obtained after a prolonged reaction time. While,
under refluxing a mixture of products were
formed as detected by TLC. Thus, ultrasonic
irradiation was found to have beneficial effect
on the synthesis of spiro[acenaphthylene-1,2'-
[1,3]-thiazine]-2,4'-(1H)-dione  (4a). After
that, the optimized reaction conditions was
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applied to other substituted anilines (Table-2),
and results given in Table 2 showed that all
the substrates reacted smoothly and efficiently
to afford the spiro[acenaphthylene-1,2'-[1,3]-
thiazine]-2,4'-(1H)-diones (4a-f) in good to
excellent yields. All the synthesized compounds
were characterized on the basis of spectral and
elemental analysis.

TABLE 2 Synthesis of spiro[acenaphthylene-
1,2'-[1,3]-thiazine]-2,4'-(1H)-diones (4a-f)

Time |Yield* o

Entry  [Products R (min) (%) Mp (°C)

193-
1 4a 2-Cl 20 88 195
2 4b 3-Cl 20 87 191-192
3 4c 4-CH, 25 85 226-228
4 4d 4-Br 35 88 194-197
5 4e 3-F 35 89 211-213
6 4f 4-NO, 38 85 240-242
*Isolated yield

Sulfonic group based PEG shows double action
in organic reactions: as an acid to activate the
reactants and as a phase transfer catalyst to
solubilise reactants in aqueous medium. The
catalytic potential of PEG-OSO,H in water
may be due to the creation of hydrophobic
supramolecular cavity which brings molecules
close to each other as shown in scheme-2. In this
particular MCR, we propose that, besides the
formation of supramolecular cavity, the catalyst
is also accompanied by inherent Bronsted acidity
of SO,H groups, which is capable of bonding
with carbonyl oxygen of acenaphthalene-1,2-
dione assisting the nucleophilic attack by the
aniline and in turn facilitates the formation
of imine intermediate A followed by reaction
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between the 3-mercaptopropionic acid and
imine derivative yielding spiro[acenaphthylene-
1,2'[1,3]-thiazine]-2,4'(1H)-dione 4a. Rapid
exclusion of water molecules from the
hydrophobic interior of the catalyst, generated
during the condensation reactions may also
facilitate the condensations (Scheme-2).

4. Conclusion

We have successfully developed simple,
convenient, environmentally benign,
mild, and safe synthetic method to afford
spiro[acenaphthylene-1,2'[1,3]-thiazine]-
2,4'(1H)-diones using the polymer supported
acidic catalyst PEG-OSO,H in aqueous media
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under sonication. The significant advantage of
this methodology is high yield, simple work-up
procedure and easy handling of the catalyst. We
believe that this one pot catalytic transformations
would be a very attractive choice for the
synthesis of spiro[acenaphthylene-1,2'[1,3]-
thiazine]-2,4'(1H)-dione libraries in chemical
as well as pharmaceutical industries.

5. Experimental Section

Melting points were determined on a Toshniwal
apparatus. The purity of compounds was
checked on thin layers of silica gel in various
non-aqueous solvent systems, e.g. benzene:
ethylacetate (9 : 1), benzene : dichloromethane
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(8 : 2). IR spectra (KBr) were recorded on a
Perkin-Elmer spectrophotometer and '"H NMR
and “C NMR spectra were recorded on Jeol
400 MH_ using DMSO-d, at 400 and 100 MHz,
respectively. TMS wasused as internal reference.
ESI Mass spectra of representative compounds
were recorded on Waters UPLC-TQD Mass
spectrometer. The ultrasound-assisted reactions
were carried out using ultrasonic processor
probe system (Processor OSONICA Q700)
operating at 20 KHz, 750 W with 12.7 mm tip
diameter probes and provided with an infrared
sensor for temperature measurement.

Preparation of PEG-SO H [32]

At 0°C, chlorosulfonic acid (10 mmol) was
added to a solution of PEG-6000 (1mmol) in
CH,CI, (10mL), and the resulting solution was
stirred at room temperature overnight. Then, the
solution was concentrated, and ether was added
to it. The resulting solid mass was filtered and
washed with ether to obtain PEG-OSO,H as a
gummy solid.

General synthesis of spiro[acenaphthylene-
1,2'[1,3]-thiazolidine]-2,4'(1H)-dione (4a-f).

A mixture of acenaphthalene-1,2-dione
1 (2.0 mmol), aniline 2 (2.0 mmol),
3-mercaptopropionic acid (2.0 mmol) and
polymer supported catalyst PEG-OSO,H (10
mol %) were taken in a reaction vessel. The
reaction mixture was irradiated under sonication
for the appropriate time (20-38 min.) at 50
% power using 12.7 mm tip diameter probe.
After completion of reaction (TLC) the water
insoluble product was filtered and washed with
water and crystallized from ethanol to afford
the pure crystalline product. The extra water in
residue was evaporated under reduced pressure
and obtained gummy solid was washed with
diethylether, dried and reused.

3'-(2-Chlorophenyl)-spiro[acenaphthylene-
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1,2'-[1,3]-thiazine]-2,4'-(1 H)-dione (4a)
'HNMR (400 MHz, DMSO-d,) & (ppm):
2.50-2.60 (m, 1H, -CO-CH,-), 3.04-3.14 (m,
2H, -CH,-CH,-), 4.14-4.22 (m, 1H, S-CH,),
7.04-7.67 (m, 10, Ar-H); *CNMR (100 MHz,
DMSO-d)) & (ppm): 24.02, 34.03, 94.20,
121.50, 123.16, 124.45,125.13, 126.25, 127.46,
128.01, 129.89, 130.59, 131.34, 132.79, 133.08,
134.68, 135.34, 175.09, 192.65; MS (ESI, m/z,
M"): 379; Anal. calcd. For C, H ,CINO,S: C,
66.40; H, 3.71; N, 3.69 %. Found: C, 66.55; H,
3.74; N, 3.72.

3'-(3-Chlorophenyl)-spiro[acenaphthylene-
1,2'-[1,3]-thiazine]-2,4'-(1 H)-dione (4b)
'HNMR (400 MHz, DMSO-d,) & (ppm):
2.52-2.63 (m, 1H, -CO-CH,-), 3.06-3.16 (m,
2H, -CH,-CH,-), 4.16-4.24 (m, 1H, S-CH,),
7.02-7.64 (m, 10, Ar-H); *C NMR (100 MHz,
DMSO-d,) 3 (ppm): 24.10, 34.23,95.10, 120.51,
122.45,123.46, 124.56, 125.33,126.45, 128.11,
129.79,131.50, 132.60, 133.46, 133.89, 134.68,
173.09, 191.45; MS (ESI, m/z, M*): 379; Anal.
caled. For C, H ,CINO,S: C, 66.40; H, 3.71; N,
3.69 %. Found: 66.53; H, 3.75; N, 3.73.

3'-(4-Methylphenyl)-spiro[acenaphthylene-
1,2'-[1,3]-thiazine]-2,4"-(1H)-dione (4c)
'HNMR (400 MHz, DMSO-d,) 8 (ppm): 2.11(s,
3H, CH,), 2.58-2.67 (m, 1H, -CO-CH,-), 3.06-
3.19 (m, 2H, -CH,-CH,-), 3.88-3.97 (m, 1H,
S-CH,), 7.12-7.84 (m, 10, Ar-H); "CNMR(100
MHz, DMSO-d,) 8 (ppm): 17.09, 23.72, 33.23,
93.60, 121.56, 123.06, 123.86, 124.66, 125.73,
126.75,128.09, 129.59, 131.59, 132.69, 133.28,
134.56, 173.54, 191.25; MS (ESI, m/z, M")
359.10; Anal. caled. for C_ H _NO,S: C, 73.51;
H, 4.77; N, 3.90 %. Found: C, 73.65; H, 4.80;
N, 3.93 %.

3'-(4-Bromophenyl)-spiro[acenaphthylene-
1,2'-[1,3]-thiazine]-2,4'-(1 H)-dione (4d)

'HNMR (400 MHz, DMSO-d,) & (ppm):
2.53-2.66 (m, 1H, -CO-CH,-), 3.05-3.17 (m,
2H, -CH,-CH,-), 4.18-4.27 (m, 1H, S-CH.-),
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7.09-7.68 (m, 10, Ar-H); *CNMR(100 MHz,
DMSO-d,) 6(ppm): 23.43,34.63, 94.66, 121.80,
122.86, 123.76, 124.86, 125.83, 126.65, 127.08,
129.19, 130.49, 131.79, 132.08, 133.68, 173.67,
190.75; MS (ESI, m/z, M*): 379; Anal. calcd.
For C, H ,BrNO,S: C, 59.44; H, 3.33; N, 3.30
%. Found: C, 59.58; H, 3.35; N, 3.32 %.

3'-(3-Fluorophenyl)-spiro[acenaphthylene-
1,2'-[1,3]-thiazine]-2,4'-(1 H)-dione (4e)
'HNMR (400 MHz, DMSO-d,) & (ppm):
2.52-2.65 (m, 1H, -CO-CH,-), 3.11-3.21(m,
2H, -CH,-CH,-), 4.15-4.26 (m, 1H, S-CH.-),
7.22-7.69 (m, 10, Ar-H); *CNMR (100 MHz,
DMSO-d,) 6(ppm): 24.62,34.43, 93.50, 120.59,
122.86, 123.68, 124.89, 125.13, 125.95, 126.75,
127.56,128.01, 129.79, 130.59, 131.67, 132.79,
133.08, 175.09, 192.85; MS (ESI, m/z, M"):
365; Anal. calcd. For C, H FNO.S: C, 69.41;
H, 3.88; N, 3.85 %. Found: C, 69.65; H, 3.91;
N, 3.88 %.

3'-(4-Nitrophenyl)-spiro[acenaphthylene-1,2'-
[1,3]-thiazine]-2,4'-(1H)-dione (4f)

'HNMR (400 MHz, DMSO-d,) & (ppm):
2.62-2.71 (m, 1H, -CO-CH,-), 3.09-3.19 (m,
2H, -CH,-CH,-), 4.16-4.26 (m, 1H, S-CH.-
), 7.02-7.64 (m, 10, Ar-H); *C NMR (100
MHz, DMSO-d,) 6 (ppm): 25.04, 34.63, 95.60,
121.50, 122.45,123.16, 124.46, 125.13, 126.25,
128.01, 129.89, 130.59, 132.79, 133.08, 135.68,
134.56, 136.39, 174.09, 191.65; MS (ESI, m/z,
M"): 390; Anal. calcd. For C,H N.O,S: C,
64.60; H, 3.61; N, 7.18 %. Found: C, 64.51; H,
3.58; N, 7.21%.
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