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Abstract: A facile one-pot synthesis of novel oxindole derivatives bearing benzothiazolylmethyl-2-thioxothiazolidin-4-

one was accomplished via one-pot reaction of 5-oxoindolinylidene rhodanine-3-acetic acid derivatives, 2-aminothiophenol,

and triphenyl phosphite in the presence of tetrabutylammonium bromide (TBAB) and nano silica-bonded 5-n-propyl-

octahydro-pyrimido[1,2-a]azepinium chloride (NSB-DBU) as heterogeneous reusable nanocatalyst. The target com-

pounds were obtained in excellent yields (85%–92%) and short reaction times under fairly mild reaction conditions.

Key words: Oxindole derivatives, benzothiazoles, 4-thiazolidinones, nano silica-bonded 5-n-propyl-octahydro-pyrimido

[1,2-a]azepinium chloride, nano silica-supported catalyst

1. Introduction

The chemistry and pharmacology of thiazolidinone derivatives have generated considerable interest because of

their outstanding biological activities.1,2 They are reported to have antitumor,3,4 anticonvulsant,5 antibacterial,6

antiviral,7 cardiotonic,8,9 and antidiabetic10,11 properties. In particular, thiazolidinone-linked benzothiazole

analogs have recently proven to be attractive compounds considering that benzothiazole derivatives have a wide

spectrum of pharmacological activities.12−14 Some examples of mentioned structures with anticancer activity

are shown in Figure 1.15,16
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Figure 1. The structures of some thiazolidinone–benzothiazole hybrid molecules with anticancer activity.

The oxindole framework is a versatile structural motif found in a variety of biologically and pharmaceu-

tically active natural products and as a useful synthon in organic synthesis.17−20 Oxindole derivatives possess

various biological activities such as anesthetic,21 antirheumatic,22 and anti-inflammatory23 properties. It has
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been found that combination of two or more heterocyclic scaffolds in one hybrid molecule can give access to a

series of compounds with a broad spectrum of biological activity. Therefore, it is a great challenge to develop

an efficient and convenient strategy to access the new compounds containing thiazolidinone, benzothiazole, and

oxindole rings.

Recently, the use of nano silica-based materials as heterogeneous catalysts has attracted considerable

attention in organic synthesis.24−27 They have different physical and chemical properties when compared to

bulk material due to the higher surface area of silica nanoparticles.28 They offer several advantages, includ-

ing great catalytic activity, good thermal stability, low cost and toxicity, easy work-up, high catalyst loading

capacity, and good dispersion of active reagent sites.29,30 Many homogeneous catalysts can be converted to

heterogeneous ones by immobilizing on silica nanoparticles. Diazabicyclo[5.4.0]undec-7-ene (DBU) is a strong

homogeneous base catalyst that has been extensively used in various organic reactions.31−34 Recently, we

have prepared nano silica-bonded 5-n-propyl-octahydro-pyrimido[1,2-a]azepinium chloride (NSB-DBU) by the

reaction of nano silica-n-propyl chloride and DBU, which was used for the synthesis of novel benzothiazole

substituted 4-thiazolidinones.35 In continuation of our ongoing program aiming at yielding novel heterocyclic

compounds,35−38 herein we report a facile process for one-pot synthesis of new oxindole derivatives bear-

ing a benzothiazolylmethyl-2-thioxothiazolidin-4-one fragment using nano silica-bonded 5-n-propyl-octahydro-

pyrimido[1,2-a]azepinium chloride (NSB-DBU) as heterogeneous nanocatalyst.

2. Results and discussion

NSB-DBU was prepared from the reaction of nano silica-n-propyl chloride and DBU as shown in Figure 2.35 In

an effort to optimize the process, the one-pot reaction of 2-(4-oxo-5-(2-oxoindolin-3-ylidene)-2-thioxothiazolidin-

3-yl)acetic acid 1a (1 mmol), 2-aminothiophenol 2 (1 mmol), and triphenyl phosphite 3 (TPP) (1 mmol) was

carried out in various conditions as a simple model reaction (Figure 3). Initially, we focused on systematic

evaluation of different catalysts for the model reaction (Table 1). As shown in Table 1, the reaction did not take

place without any catalyst (Table 1, entry 1). The most interesting result was obtained with NSB-DBU as the

catalyst. Then the reaction was examined in the presence of different molar ratios of NSB-DBU and TBAB.

The best result was obtained with 10 mol% of NSB-DBU and 25 mol% TBAB at 100 ◦C (Table 1, entry 9).
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Figure 2. Preparation of NSB-DBU.

After optimization of the model reaction, the scope and generality of these conditions with other reactants

were examined by using 5-oxoindolinylidene rhodanine-3-acetic acid derivatives 1a–i (1 mmol), triphenyl phos-

phite (TPP) (1 mmol), and 2-aminothiophenol (1 mmol) in the presence of NSB-DBU (10 mol%, 0.09 g) and

TBAB (25 mol%) according to Figure 3. As shown in Table 2, the compounds 4a–i were produced in excellent

yields (85%–92%). The structures of the products were established by IR, 1H and 13C NMR spectroscopy,

mass spectrometry, and elemental analysis.
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Table 1. Optimization of the reaction conditions.a

Entry Catalyst (mol %) TBAB (mol %) Temperature (◦C) Time (h) Yield (%)
1 - - 100 10 5
2 - 25 100 4 20
3 Et3N (20) 25 100 3 25
4 DABCO (20) 25 100 3 25
5 SiO2-NPs (20) 25 100 5 20
6 DBU (20) 25 100 3 30
7 SB-DBUb (20) 25 100 2.5 65
8 NSB-DBU (5) 25 100 3 70
9 NSB-DBU (10) 25 100 2 92
10 NSB-DBU (20) 25 100 2 92
11 NSB-DBU (30) 25 100 3 85
12 NSB-DBU (10) - 100 4 42
13 NSB-DBU (10) 50 100 2 92
14 NSB-DBU (10) 25 120 2 92
15 NSB-DBU (10) 25 70 5 52

aReaction and conditions: 2-(4-oxo-5-(2-oxoindolin-3-ylidene)-2-thioxothiazolidin-3-yl)acetic acid 1a (1 mmol), 2-aminot-

hiophenol (1 mmol), TPP (1 mmol), different conditions, stirring. bSilica-Bonded 5-n-Propyl-Octahydro-Pyrimido[1,2-

a]Azepinium Chloride40
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Figure 3. Preparation of new oxindole derivatives.

Table 2. The synthesis of the compounds 4a–ia .

Entry R1 R2 Product Melting point (◦C) Time (min) Yieldb (%)
1 H H 4a 330–332 100 92
2 Cl H 4b 336–338 115 90
3 Br H 4c 319–321 100 85
4 NO2 H 4d 290–292 90 89
5 H Et 4e 171–173 120 91
6 H CH2Ph 4f 264–266 110 90
7 Cl CH2Ph 4g 170–172 105 88
8 H CH2CO2Et 4h 288–290 110 92
9 Cl CH2CO2Et 4i 279–281 120 87

aReaction and conditions: 5-oxoindolinylidene rhodanine-3-acetic acid derivatives 1a–i (1 mmol), TPP (1 mmol), 2-

aminothiophenol (1 mmol), NSB-DBU (10 mol%), TBAB (25 mol%), 100 ◦C, stirring. b Isolated yield.
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The mass spectrum of 4a displayed the molecular ion (M+•) peak at m/z 409.0, which was consistent

with the product structure. The 1H NMR spectrum of 4a in DMSO exhibited two sharp signals at 5.73

and 11.34 ppm for the methylene group and NH of oxindole, respectively. The four aromatic protons of the

benzothiazole ring appeared as one multiplet at 7.43–7.52 ppm and two doublets at 7.96 and 8.10 ppm (3JHH =

7.6 Hz). The protons of oxindole moiety were observed as two doublets at 6.98 and 8.87 ppm (3JHH = 7.6

Hz), one triplet at 7.08 ppm (3JHH = 7.6 Hz), and one multiplet at 7.43–7.52. The 13C NMR spectrum of 4a

exhibited 19 signals in agreement with the proposed structure.

In order to investigate the recyclability of the NSB-DBU, the synthesis of 4a was examined as a model

reaction. The recovered dried catalyst was reused for the next run of reaction. The results showed that the

catalyst could be reused 9 times and no significant loss in the product yield was apparent (Table 3).

Table 3. Recyclability study of NSB-DBUa .

Run 1 2 3 4 5 6 7 8 9
Time (min) 100 100 105 105 110 110 110 120 120
Yieldb (%) 92 92 92 90 90 90 90 89 88

aModel reaction: 1a (1 mmol), TPP (1 mmol), 2-aminothiophenol (1 mmol), NSB-DBU (10 mol%), TBAB (25 mol%),

100 ◦C, stirring. b Isolated yield.

The probable mechanism for the formation of products is depicted in Figure 4. First, the reaction

of carboxylic acid 1 with triphenylphosphite in the presence of basic catalyst gives intermediate 5, which is

attacked by the anion of 2-aminothiophenol leading to adduct 6. Finally, the target product, 4, is formed by

intramolecular cyclization and dehydration of intermediates under the reaction conditions.

In summary, a series of unreported compounds containing thiazolidinone, benzothiazole, and oxindole

rings were synthesized using NSB-DBU as a heterogeneous reusable catalyst. The major advantages of the

present synthetic protocol are excellent yields, short reaction times, ecofriendly and reusable catalyst, and easy

reaction work-up procedure.

3. Experimental

All chemicals and reagents were purchased from Fluka and Merck and used without further purification. Nano

silica-n-propyl chloride was prepared according to the reported procedure.39 Melting points were measured on

an Electrothermal 9100 apparatus. NMR spectra were recorded with a Bruker DRX-400 AVANCE instrument

(400.1 MHz for 1H, 100.6 MHz for 13C) with DMSO as solvent. Chemical shifts (δ) are given in parts per million

(ppm) relative to TMS, and coupling constants (J) are reported in hertz (Hz). IR spectra were recorded on an

FT-IR Bruker vector 22 spectrometer. Mass spectra were recorded on a Finnigan-Matt 8430 mass spectrometer

operating at an ionization potential of 70 eV. Elemental analyses were carried out with a PerkinElmer 2400II

CHNS/O Elemental Analyzer.

3.1. Preparation of nano silica-bonded 5-n-propyl-octahydro-pyrimido[1,2-a]azepinium chloride

(NSB-DBU)

NSB-DBU was prepared according to our previously reported procedure.35 A mixture of nano silica-n-propyl

chloride (1.0 g) and DBU (0.76 g, 5.0 mmol) in cyclohexane (30 mL) was added to a 50-mL round-bottomed

flask connected to a reflux condenser. The mixture was stirred under reflux conditions for 36 h. The resulting
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mixture was then filtered, extracted with toluene in a Soxhlet extractor for 24 h, and dried at 60 ◦C in vacuo

to give NSB-DBU as a white powder (1.3 g). The amount of DBU grafted on nano silica was evaluated as

1.15 mmol g−1 , on the basis of elemental analysis and thermogravimetric (TG) analysis (see supplementary

information).
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Figure 4. Plausible mechanism for the formation of products 4a–i.
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3.2. General procedure for the synthesis of compounds 4a–i

5-Oxoindolinylidene rhodanine-3-acetic acid derivatives 1a–i were obtained by the reaction of rhodanine-3-

acetic acid with isatin derivatives in ethanol medium.40 A mixture of 5-oxoindolinylidene rhodanine-3-acetic

acid derivatives 1a–i (1 mmol), triphenyl phosphite (TPP) (1 mmol), 2-aminothiophenol (1 mmol), TBAB (0.25

mmol), and NSB-DBU (10 mol%, 0.09 g) as catalyst in a 10-mL round-bottomed flask was placed in an oil

bath. The solution was stirred at 100 ◦C for the specified time period. After completion of the reaction, the

mixture was diluted by the addition of 3 mL of hot methanol and filtered to separate the products as filtrate

from the catalyst. The recovered catalyst was washed with methanol–acetone (1:1), dried for about 60 min at

60 ◦C, and reused for the next run of reaction. The product was obtained by evaporating the filtrate and then

recrystallizing from methanol.

3.2.1. 3-(Benzo[d]thiazol-2-ylmethyl)-5-(2-oxoindolin-3-ylidene)-2-thioxothiazolidin-4-one (4a)

Orange red powder, mp: 330–332 ◦C; yield (0.38 g, 92%); IR (KBr) νmax : 3154, 1691, 1660, 1616, 1579, 1344,

1320, 1153 cm−1 ; 1H NMR (400.1 MHz, DMSO-d6)δ : 5.73 (s, 2H, CH2), 6.98 (d, 3JHH = 7.6, 1H, CHAr),

7.08 (t, 3JHH = 7.6, 1H, CHAr), 7.43–7.52 (m, 3H, 3CHAr), 7.96 (d, 3JHH = 7.6, 1H, CHAr), 8.10 (d, 3JHH

= 7.6, 1H, CHAr), 8.78 (d, 3JHH = 7.6, 1H, CHAr), 11.34 (s, 1H, NH); 13C NMR (100 MHz, DMSO-d6)δ :

45.7, 111.4, 120.2, 122.8, 122.9, 123.2, 126.0, 126.8, 126.9, 128.4, 129.8, 134.0, 135.3, 145.5, 152.4, 164.5, 166.8,

168.4, 197.7; MS, m/z: 409.0 (M+·); Anal. Calcd for C19H11N3O2S3 (409.50): C, 55.73; H, 2.71; N, 10.26;

S, 23.49%. Found: C, 55.81; H, 2.72; N, 10.20; S, 23.53%.

3.2.2. 3-(Benzo[d]thiazol-2-ylmethyl)-5-(5-chloro-2-oxoindolin-3-ylidene)-2-thioxothiazolidin-4-one

(4b)

Dark red powder, mp: 336–338 ◦C; yield (0.40 g, 90%); IR (KBr) νmax : 3424, 1701, 1614, 1564, 1543, 1347,

1323, 1156 cm−1 ; 1H NMR (400.1 MHz, DMSO-d6)δ : 5.74 (s, 2H, CH2), 7.00 (d, 3JHH = 8.4, 1H, CHAr),

7.45 (td, 3JHH = 8.0, 4JHH = 1.2, 1H, CHAr), 7.49–7.53 (m, 2H, 2CHAr), 7.97 (d, 3JHH = 8.0, 1H, CHAr),

8.11 (dd, 3JHH = 8.0, 4JHH = 1.2, 1H, CHAr), 8.81 (s, 1H, CHAr), 11.48 (s, 1H, NH); 13C NMR (100

MHz, DMSO-d6)δ : 49.7, 114.9, 122.9, 123.2, 126.1, 126.5, 126.9, 128.9, 130.5, 132.3, 133.1, 135.4, 139.7, 144.3,

152.4, 160.2, 168.0, 172.1, 197.4; MS, m/z: 445.0 (M+·+2), 443.0 (M+·); Anal. Calcd for C19H10ClN3O2S3

(443.95): C, 51.40; H, 2.27; N, 9.47; S, 21.67%. Found: C, 51.56; H, 2.27; N, 9.45; S, 21.58%.

3.2.3. 3-(Benzo[d]thiazol-2-ylmethyl)-5-(5-bromo-2-oxoindolin-3-ylidene)-2-thioxothiazolidin-4-

one (4c)

Dark red powder, mp: 319–321 ◦C; yield (0.41 g, 85%); IR (KBr) νmax : 3424, 1701, 1655, 1613, 1563, 1543,

1504, 1347, 1322, 1156 cm−1 ; 1H NMR (400.1 MHz, DMSO-d6)δ : 5.74 (s, 2H, CH2), 6.96 (d, 3JHH = 8.4,

1H, CHAr), 7.45 (td, 3JHH = 7.2, 4JHH = 1.6, 1H, CHAr), 7.51 (td, 3JHH = 7.2, 4JHH = 1.6, 1H, CHAr),

7.63 (dd, 3JHH = 8.4, 4JHH = 1.6, 1H, CHAr), 7.97 (d, 3JHH = 7.6, 1H, CHAr), 8.11 (d, 3JHH = 7.6, 1H,

CHAr), 8.94 (d, 4JHH = 1.6, 1H, CHAr), 11.49 (s, 1H, NH); 13C NMR (100 MHz, DMSO-d6)δ : 45.7, 114.2,

122.0, 122.9, 123.2, 125.3, 126.0, 126.9, 130.3, 132.2, 135.4, 135.9, 144.5, 152.3, 157.9, 162.8, 164.4, 167.0, 197.7;

MS, m/z: 488.9 (M+·+2), 486.9 (M+·); Anal. Calcd for C19H10BrN3O2S3 (488.40): C, 46.72; H, 2.06; N,

8.60; S, 19.70%. Found: C, 46.70; H, 2.03; N, 8.66; S, 19.68%.
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3.2.4. 3-(Benzo[d]thiazol-2-ylmethyl)-5-(5-nitro-2-oxoindolin-3-ylidene)-2-thioxothiazolidin-4-one

(4d)

Dark red powder, mp: 290–292 ◦C; yield (0.40 g, 89%); IR (KBr) νmax : 3391, 1705, 1620, 1521, 1450, 1339,

1224, 1157 cm−1 ; 1H NMR (400.1 MHz, DMSO-d6)δ : 5.78 (s, 2H, CH2), 7.20 (d, 3JHH = 8.0, 1H, CHAr),

7.45 (td, 3JHH = 7.6, 4JHH = 1.6, 1H, CHAr), 7.50 (td, 3JHH = 7.6, 4JHH = 1.6, 1H, CHAr), 7.97 (d,

3JHH = 7.6, 1H, CHAr), 8.11 (d, 3JHH = 7.6, 1H, CHAr), 8.36 (d, 3JHH = 8.0, 1H, CHAr), 9.69 (s, 1H,

CHAr), 12.02 (s, 1H, NH); 13C NMR (100 MHz, DMSO-d6) δ : 46.0, 112.7, 123.0, 123.1, 123.2, 126.0, 126.9,

132.2, 132.2, 132.9, 133.2, 135.2, 136.4, 148.9, 152.4, 161.2, 164.6, 166.8, 197.3; MS, m/z: 454.0 (M+·); Anal.

Calcd for C19H10N4O4S3 (454.50): C, 50.21; H, 2.22; N, 12.33; S, 21.16%. Found: C, 50.33; H, 2.20; N, 12.37;

S, 21.17%.

3.2.5. 3-(Benzo[d]thiazol-2-ylmethyl)-5-(1-ethyl-2-oxoindolin-3-ylidene)-2-thioxothiazolidin-4-one

(4e)

Red powder, mp: 171–173 ◦C; yield (0.40 g, 91%); IR (KBr) νmax : 3402, 1731, 1707, 1611, 1563, 1525, 1339,

1207 cm−1 ; 1H NMR (400.1 MHz, DMSO-d6)δ : 1.21 (t, 3JHH = 7, 3H, CH3), 3.83 (q, 3JHH = 7, 2H, CH2),

5.74 (s, 2H, CH2), 7.24 (d, 3JHH = 8.0, 1H, CHAr), 7.43–7.56 (m, 4H, 4CHAr), 7.96 (d, 3JHH = 7.6, 1H,

CHAr), 8.10 (d, 3JHH = 7.6, 1H, CHAr), 8.83 (d, 3JHH = 8.0, 1H, CHAr);
13C NMR (100 MHz, DMSO-d6)

δ : 13.0, 35.2, 45.8, 110.3, 115.0, 119.7, 122.9, 123.2, 123.2, 126.0, 126.9, 128.4, 133.9, 135.4, 138.6, 145.4, 152.4,

164.5, 166.9, 167.9, 197.7; MS, m/z: 437.0 (M+·); Anal. Calcd for C21H15N3O2S3 (437.56): C, 57.64; H,

3.46; N, 9.60; S, 21.98%. Found: C, 57.59; H, 3.48; N, 9.64; S, 21.90%.

3.2.6. 3-(Benzo[d]thiazol-2-ylmethyl)-5-(1-benzyl-2-oxoindolin-3-ylidene)-2-thioxothiazolidin-4-

one (4f)

Orange red powder, mp: 264–266 ◦C; yield (0.45 g, 90%); IR (KBr) νmax : 1716, 1690, 1608, 1507, 1462, 1352,

1321, 1221, 1147 cm−1 ; 1H NMR (400.1 MHz, DMSO-d6)δ : 5.05 (s, 2H, CH2), 5.75 (s, 2H, CH2), 7.10 (d,

3JHH = 8.0, 1H, CHAr), 7.14 (t, 3JHH = 8.0, 1H, CHAr), 7.26–7.37 (m, 5H, 5CHAr), 7.43–7.52 (m, 3H,

3CHAr), 7.96 (d, 3JHH = 7.6, 1H, CHAr), 8.10 (d, 3JHH = 7.6, 1H, CHAr), 8.85 (d, 3JHH = 7.6, 1H,

CHAr);
13C NMR (100 MHz, DMSO-d6)δ : 43.6, 45.8, 110.7, 119.8, 122.9, 123.2, 123.5, 125.5, 126.0, 126.9,

127.7, 128.1, 128.4, 129.2, 131.6, 133.8, 135.3, 136.2, 145.3, 152.3, 164.5, 166.7, 167.1, 197.3; MS, m/z: 499.0

(M+·); Anal. Calcd for C26H17N3O2S3 (499.63): C, 62.50; H, 3.43; N, 8.41; S, 19.25%. Found: C, 62.54; H,

3.39; N, 8.40; S, 19.36%.

3.2.7. 3-(Benzo[d]thiazol-2-ylmethyl)-5-(1-benzyl-5-chloro-2-oxoindolin-3-ylidene)-2-thioxothiazo-

lidin-4-one (4g)

Yellow powder, mp: 170–172 ◦C; yield (0.47 g, 88%); IR (KBr) νmax : 1750, 1708, 1633, 1520, 1456, 1326, 1198

cm−1 ; 1H NMR (400.1 MHz, DMSO-d6)δ : 5.00 (s, 2H, CH2), 5.79 (s, 2H, CH2), 6.89 (d, 3JHH = 8.4, 1H,

CHAr), 7.23–7.36 (m, 6H, 6CHAr), 7.45 (td, 3JHH = 7.6, 4JHH = 1.2, 1H, CHAr), 7.51 (td, 3JHH = 7.6,

4JHH = 1.2, 1H, CHAr), 7.6 (s, 1H, CHAr), 7.96 (d, 3JHH = 8.0, 1H, CHAr), 8.04 (d, 3JHH = 8.0, 1H,

CHAr);
13C NMR (100 MHz, DMSO-d6)δ : 46.3, 47.2, 111.4, 122.7, 123.2, 125.1, 126.0, 126.8, 127.2, 127.2,
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127.7, 127.8, 128.0, 129.0, 129.1, 129.4, 135.4, 136.1, 143.0, 152.4, 164.4, 173.5, 174.2, 200.5; MS, m/z: 535.0

(M+·+2), 533.0 (M+·); Anal. Calcd for C26H16ClN3O2S3 (534.07): C, 58.47; H, 3.02; N, 7.87; S, 18.01%.

Found: 58.59; H, 3.00; N, 7.91; S, 17.94%.

3.2.8. Ethyl 2-(3-(3-(benzo[d]thiazol-2-ylmethyl)-4-oxo-2-thioxothiazolidin-5-ylidene)-2-oxoindolin-

1-yl)acetate (4h)

Orange red powder, mp: 288–290 ◦C; yield (0.46 g, 92%); IR (KBr) νmax : 1743, 1718, 1694, 1472, 1347, 1317,

1227, 1146 cm−1 ; 1H NMR (400.1 MHz, DMSO-d6)δ : 1.22 (t, 3JHH = 7.2, 3H, CH3), 4.17 (q, 3JHH =

7.2, 2H, CH2), 4.75 (s, 2H, CH2), 5.74 (s, 2H, CH2), 7.17–7.22 (m, 2H, 2CHAr), 7.43–7.55 (m, 3H, 3CHAr),

7.97 (d, 3JHH = 7.6, 1H, CHAr), 8.10 (d, 3JHH = 7.6, 1H, CHAr), 8.87 (d, 3JHH = 7.6, 1H, CHAr);
13C

NMR (100 MHz, DMSO-d6)δ : 14.5, 41.9, 45.8, 61.9, 110.5, 119.5, 122.9, 123.2, 123.7, 124.9, 126.0, 126.9, 128.3,

131.9, 133.9, 135.4, 145.2, 152.3, 154.7, 164.4, 166.6, 168.0, 197.0; MS, m/z: 495.0 (M+·); Anal. Calcd for

C23H17N3O4S3 (495.59): C, 55.74; H, 3.46; N, 8.48; S, 19.41%. Found: C, 55.87; H, 3.43; N, 8.48; S, 19.40%.

3.2.9. Ethyl 2-(3-(3-(benzo[d]thiazol-2-ylmethyl)-4-oxo-2-thioxothiazolidin-5-ylidene)-5-chloro-2-

oxoindolin-1-yl)acetate (4i)

Dark red powder, mp: 279–281 ◦C; yield (0.46 g, 87%); IR (KBr) νmax : 1738, 1694, 1543, 1414, 1348, 1222,

cm−1 ; 1H NMR (400.1 MHz, DMSO-d6)δ : 1.22 (t, 3JHH = 7.2, 3H, CH3), 4.17 (q, 3JHH = 7.2, 2H, CH2),

4.76 (s, 2H, CH2), 5.75 (s, 2H, CH2), 7.28 (d, 3JHH = 8.4, 1H, CHAr), 7.45 (td, 3JHH = 7.6, 4JHH =

1.2, 1H, CHAr), 7.50 (td, 3JHH = 7.6, 4JHH = 1.2, 1H, CHAr), 7.61 (d, 3JHH = 8.4, 1H, CHAr), 7.97

(d, 3JHH = 7.6, 1H, CHAr), 8.10 (d, 3JHH = 7.6, 1H, CHAr); 8.89 (s, 1H, CHAr);
13C NMR (100 MHz,

DMSO-d6) δ : 14.5, 42.1, 45.8, 61.9, 112.1, 117.4, 121.6, 122.9, 123.2, 126.1, 126.2, 126.9, 127.5, 131.7, 133.0,

135.5, 147.8, 152.4, 155.1, 157.7, 162.4, 168.9, 197.3; MS, m/z: 531.0 (M+·+2), 529.0 (M+·); Anal. Calcd

for C23H16ClN3O4S3 (530.04): C, 52.12; H, 3.04; N, 7.93; S, 18.15%. Found: C, 52.26; H, 3.07; N, 7.88; S,

18.14%.
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