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Abstract

Three-component reactions of oxindole derivatives, thiosemicarbazide with dialkyl acetylenedicarboxylate (or maleimide)
led to novel indole-hydrazono thiazolidinones in high-to-excellent yields. The antioxidant activities of the synthesized
compounds were studied by 1,1-diphenyl-2-picrylhydrazyl radical scavenging assay. Among the products, those with
amide moiety exhibited better antioxidant activities than other ester derivatives of indole-hydrazono thiazolidinones.
Minimum bactericidal concentration (MBC) was evaluated against Gram-positive bacteria (Staphylococcus aureus and
Bacillus subtilis) and Gram-negative bacteria (Escherichia coli and Pseudomonas aeruginosa) at different concentrations.
However, the MBC values for compounds with amide group in their skeleton exhibited higher antibacterial activity than
compounds with ester group. Therefore, it is assumed that these compounds could be used as effective antioxidant and
antibacterial agents.
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anticancer [12, 13], and anti-HIV [14]. In addition, thiazo-
lidinone derivatives have given a huge blow to the fungal and
bacterial resistance by many of the antibiotics and drugs
[15-18]. On the other hand, oxindoles exhibit significant
medicinal and biological activities such as antitumor [19],
therapeutic [20], antimicrobial [21], antifungal [22], and
antiviral [23, 24]. For example, isatin-f-thiosemicarbazone
(D [23], and N-methylisatin-f-thiosemicarbazone or methi-
sazone (II) [24] are known as antiviral agent against pox-
viruses (Fig. 1). These results have initiated organic chemists
and pharmacologists to synthesize novel thiazolidinone
derivatives.

Many approaches for the synthesis of thiazolidinones were
reported in the literature. Thiazolidinones were synthesized
using cyclization reaction of thiourea derivatives with bro-
moacetic acid [25, 26]. Ocal et al. synthesized thiazolidinones
from the reaction of a carbonyl compound, amine, and a
mercaptoacid [27]. Nagarajan et al. reported cyclization
reactions of acetylenedicarboxylic esters with N,N'-di-
alkylthiourea for synthesis of 4-thiazolidinones [28]. Ansari
et al. have obtained 4-thiazolidinones from the reactions of
chalcone with mercaptoacetic acid and ammonium carbonate
[29]. Moghaddam et al. produced iminothiazolidinones from
the reactions of aryl or alkyl isothiocyanate with o-chlor-
oamides [30]. In addition, these compounds have been pre-
pared by reacting various carbonyl compounds with
thiosemicarbazide and subsequently with «-halocarbonyl
compounds [31-36]. Based on the above facts and consid-
ering the significant biological properties of thiazolidinones
and oxindole, synthesis of novel derivatives containing both
heterocyclic moieties could be an interesting subject to be
investigated. Herein, we report three-component reactions of
oxindole derivatives 1a—le, thiosemicarbazide (2) with dia-
lkyl acetylenedicarboxylate 3a, 3b that led to the novel
indole-hydrazono thiazolidinone acetates 4a—4j in high-to-
excellent yields (Scheme 1). In addition, the reactions of
oxindoles la—le and thiosemicarbazide with maleimide 5
performed which afforded the corresponding novel indole-
hydrazono thiazolidin acetamides 6a—6e in high yields
(Scheme 1).
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Fig. 1 Oxindole thiosemicarbazones with previously reported antivi-
ral protease inhibitors
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Results and discussion

Initially, the reaction of oxindole (1a), thiosemicarbazide
(2), and dimethyl acetylenedicarboxylate (3a) was carried
out in the presence of chloroacetic acid as a catalyst that
leads to 4a in high yield (87%), as shown in Table 1. To
determine the scope and limitation of the reactions, we
extended our work with the other oxindole derivatives 1b—
le. The obtained results indicated that oxindole derivatives
including electron-withdrawing substituents (Cl, NO,)
afforded the corresponding products in higher yields (for
example, entries 3 and 5 compared to entry 1). Whereas,
electron-donating substituents such as benzyl or propargyl
group decreased the reaction yields (entries of 7 and 9
compared to 1). It seems that the electrophilicity of car-
bonyl group of oxindoles plays an important role in the
reaction. When the reactions of oxindole la—le with
thiosemicarbazide were performed in the presence of
maleimide (5) instead of acetylenic diester, the yields of
the reactions decreased (for example, entry 11 compared to
entry 1). It can be due to less electrophilicity of maleimide
related to acetylenic diesters.

The structures of newly synthesized compounds 4a—4j
were confirmed from IR, lH, B¢ NMR, and mass spectra.
The IR spectrum of 4a displayed two signals at 3438 and
3139 cm ™! for the two NH groups, two strong absorption
bands at 1701 and 1640 cm™" for the carbonyl groups, and
a signal at 1613 cm™" for the C=N group. The 'H NMR
spectrum of 4a in DMSO-ds exhibited a singlet at
3.79 ppm for the OCH; group and another singlet at
6.72 ppm for the vinyl proton (=CH). The aromatic protons
were observed as a triplet at 7.04 ppm (3JHH =7.6 Hz), a
triplet of doublet at 7.39 (*Jyy = 7.6 Hz, *Juy = 1.2 Hz),
and two doublets at 6.86 and 7.56 ppm (3JHH = 7.6 Hz). In
addition, two broad signals appeared at 10.76 ppm and
13.40 ppm for the two NH groups. The proton-decoupled
3C NMR spectrum of 4a showed 14 signals with appro-
priate chemical shifts. The mass spectrum of 4a exhibited
the molecular ion peak (M*) at m/z = 330 and the base
peak at m/z = 118 due to loss of thiazolidinone ring, which
are in agreement with the proposed structure. The 'H and
3C NMR spectra of 4b—4j are similar to those of 4a,
except for the oxindole and ester moieties, which exhibited
characteristic signals.

The structures of compounds 6a—6e were also deduced
from their IR, 'H, Bc NMR, and mass spectral data. The
IR spectrum of 6a showed absorption bands at about 3198
and 3422 cm™" for the NH groups. The "H NMR spectrum
of 6a displayed an AB quartet of doublet at 2.74
(*Juu = 16,0 Hz, *Jyy =92 Hz, CH,) and 2.97 ppm
(ZJHH =16.0 Hz, 3JHH = 4.0 Hz) for CH, group, a doublet
of doublet at 4.40 ppm (Jyy = 9.2 Hz, *Jyy = 4.0 Hz) for
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}leg'rz;onirfﬁf‘;‘;‘l‘i’;s(fn‘;d"le' Entry  Oxindole 3 5 4and 6 Timeh Mp/C  Yield/%
derivatives 1 X=H Y=H R=Me - 4a 13 264-266 87
2 X=H Y=H R =Et - 4b 15 260-262 88
3 X=HY=Cl R=Me - 4c 12 331-333 92
4 X=HY=C R = Et - 4d 14 322-325 89
5 X =H, Y =NO, R=Me - 4e 12 315-318 95
6 X =H, Y =NO, R =Et - 4f 13 321-323 94
7 X =benzyl, Y = H R=Me - 4g 17 217-220 81
8 X =benzyl, Y =H R =Et - 4h 18 214217 78
9 X =propargy, Y=H R=Me - 4i 20 229-231 79
10 X =propargyl, Y =H R =Et - 4j 24 238-240 75
11 X=H Y=H - Maleimide  6a 17 283-285 80
12 X=HY=C - Maleimide  6b 15 315-318 87
13 X =H,Y =NO, - Maleimide  6¢ 15 310-312 90
14 X =benzyl, Y = H - Maleimide  6d 20 288-290 77
15 X = propargyl, Y=H - Maleimide  6e 24 282-284 71
Reaction conditions: oxindole derivatives (1 mmol), thiosemicarbazide (1 mmol), DMAD/DEAD

(1 mmol) or maleimide (1 mmol), and 0.01 g chloroacetic acid as a catalyst

the methine proton, two broad singlets in the region 7.11

and 7.55 ppm for the amide protons (NH,), and two broad
signals at 10.71 ppm and 12.38 ppm for the two NH
groups. In addition, the oxindole ring protons appeared in

appropriate region (6.86—8.22 ppm). The proton-decoupled

3C NMR spectrum of 6a showed 13 signals in agreement

with the suggested structure. The mass spectrum of 6a
exhibited the molecular ion peak at m/z = 317 (M™).

The proposed mechanism based on the results for the
synthesis of hydrazono thiazolidin-4-ones is shown in

@ Springer



2330 S. Asghari et al.
Scheme 2
0} Cl
H—O
O‘
S
Y M
_NH
|
X
( OR
J H20 3 ’3//NH2 cyclization ’\?//
>
-ROH N
N v /
S _NH Y. /
>/ 2 o o)
HN | 4
N Michael 4 8 X
Y. / addition
(0]
(6]
NH HoN
x 4 ¢
O
7 (o
NH
5 / 2 cyclization J NH
S —— N .
X=H, benzyl, propargy! N N
Y=H, CI, NO, )/ Y. /
R=Me, Et o mo
X 9 ¥ 6

Scheme 2. Initially, reaction between oxindole 1 and
thiosemicarbazide (2) led to thiosemicarbazone 7. Then,
the sulfur atom of compound 7 performs Michael addition
on acetylenic diester 3 or maleimide (5) to afford inter-
mediate 8 or 9, respectively. Intermediate 8 undergoes a
cyclization reaction and loss of ROH to produce compound
4. Intermediate 9 carries out cyclization reaction and then
ring opening maleimide ring to afford the desired com-
pound 6. Chloroacetic acid was used as an acidic catalyst
for increasing of electrophilicity of carbonyl groups in this
reaction.

Antioxidant activity

1,1-Diphenyl-2-picrylhydrazyl (DPPH) is a stable free
radical of purple color that changes to light yellow color in
the presence of antioxidants. The absorbance of DPPH
radicals decreases in the presence of antioxidants which
could be due to hydrogen transfer or electron donation
from the antioxidants. The antioxidant activity of the
synthesized indole-hydrazono thiazolidinones 4a—4j and
6a—6e was evaluated. As depicted in Fig. 2, these com-
pounds exhibited good-to-high DPPH® scavenging ability
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(61.8-85.9%). Interestingly, compound 6b showed to
possess more potent antioxidant activity (85.9%) compar-
ing with other synthesized compounds and ascorbic acid as
a standard antioxidant (82.3%) [37]. This might be attrib-
uted to presence of sulfur atom as an easily oxidisable
element [38] in thiazolidine ring or hydrogen donors [39]
such as NH, and NH groups in the structure of 6b. To
prove this hypothesis, compound 4j was synthesized. This
compound showed the lowest antioxidant activity which is
due to replacement of NH, and NH groups with OEt and
NR groups, respectively. This result confirm that NH, and
NH groups are better radical scavengers than OEt and NR
groups. It is assumed that the exchangeable hydrogens in
the NH, and NH groups are responsible for the high
antioxidant activity of compound 6b.

Antibacterial activity

Minimum bactericidal concentration (MBC) of compounds
4a, 4c, 4g, 6a, 6b, and 6d was evaluated against Gram-
positive bacteria (Staphylococcus aureus and Bacillus
subtilis) and Gram-negative bacteria (Escherichia coli and
Pseudomonas aeruginosa) at different concentrations. As
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Fig. 2 Antioxidant activity of 100
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shown in Table 2, compounds 6a, 6b, and 6d with amide
moiety  indicated  higher  antibacterial  activity
(0.1-0.15 mg cm™>) than compounds 4a, 4c, and 4g
(0.5-2.0 mg cm ™). When alkyl groups were substituted
on nitrogen atom in indole ring, the antibacterial activities
decreased (for example, 6d compared to 6a in Table 2). It
seem that the exchangeable hydrogens in compounds 6a,
6b, and 6d (NH, and NH groups) play important role in
their antibacterial activity.

Conclusions

In summary, we have reported novel indole-hydrazono
thiazolidinone acetates 4a—4j and indole-hydrazono thia-
zolidin acetamides 6a—6e of potential synthetic and phar-
maceutical interest. We envisioned that from many
synthetic methods for the construction of these skeletons,
multicomponent reaction would be highly appealing
because of the simplicity of procedure, the mild reaction
conditions, and high yields. Antioxidant activity of the
synthesized compounds was evaluated by 1,1-diphenyl-2-
picrylhydrazyl radical scavenging assay. The results
showed that compound 6b possesses more potent antioxi-
dant activity comparing with other synthesized compounds
and ascorbic acid as a standard antioxidant. This might be
attributed to the presence of sulfur atom as an easily

4d 4e 4f

4g 4h 4i 4j 6a
Compounds

6b 6c 6d 6e AA

oxidisable element in thiazolidine ring or hydrogen donors
such as NH, and NH groups in the structure of 6b. The
antibacterial activities of compounds 4a, 4c, 4g, 6a, 6b,
and 6d were investigated. In general, compounds 6a, 6b,
and 6d showed better antibacterial activities than com-
pounds 4a, 4c, and 4g against both Gram-positive and
Gram-negative bacteria. Therefore, it is assumed that these
compounds with amide group in their structure could be
used as effective antioxidant and antibacterial agents.

Experimental

All of the reagents and solvents were purchased from
Merck Company (Germany) and Sigma-Aldrich (Ger-
many) in high purity and were used without further
purification. Melting points of products were measured
with Electrothermal 9100 apparatus. '"H NMR and '*C
NMR spectra were recorded with a Bruker DRX-400
AVANCE instrument (400.1 MHz for lH, 100.6 MHz for
13C). NMR spectra were obtained in DMSO-dg solution
and reported as parts per million (ppm) downfield from
tetramethylsilane as internal standard. IR spectra were
recorded on an FT-IR Bruker vector 22 spectrometer. EI-
MS (70 eV) was performed by Finnigan-MAT-8430 mass
spectrometer. Elemental analyses were performed using a
Costech ECS 4010 CHNS/O Elemental Analyzer.

Table 2 Minimum bactericidal

. Test strain
concentration (MBC) of the

Minimum bactericidal concentration (MBC) of the compounds/mg cm™"

3

compounds 4a 4c 4g 6a 6b 6d Tetracycline
E. coli 0.75 0.5 2.0 0.15 0.1 0.2 0.02
P. aeruginosa 0.75 0.75 1.5 0.15 0.15 0.2 0.05
S. aureus 1.0 0.5 2.0 0.15 0.1 0.15 0.05
B. subtilis 1.0 0.5 2.0 0.1 0.15 0.15 0.02
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General procedure for the synthesis
of compounds 4a—4j

A mixture of oxindole derivatives la-le (1.0 mmol),
thiosemicarbazide (2, 1.0 mmol), and dialkyl acetylenedi-
carboxylate 3a, 3b (1.0 mmol) in the presence of 0.01 g
chloroacetic acid as a catalyst in 5 cm® of absolute EtOH
was magnetically stirred at room temperature for 12-24 h.
After the completion of the reaction (followed by TLC),
the solvent was removed and the residue recrystallized in
EtOH and the product 4a—4j was obtained as an orange
powder.

Methyl (2E)-[(22)-4-0x0-2-[(22)-(2-0x0-1,2-dihydro-3H-indol-
3-ylidene)hydrazonol-1,3-thiazolidin-5-ylidene]acetate (4a,
Ci4H10N40,4S)  Yield: 0.29 g (87%); m.p.: 264-266 °C;
Ry =0.52 (n-hexane/ethyl acetate 3:2); '"H NMR
(400.1 MHz, DMSO-dg): 0 = 3.79 (s, 3H, OMe), 6.72 (s,
1H, C=CH), 6.86 (d, 1H, *Juy = 7.6 Hz, CHoxindgore), 7.04
(t, 1H, *Jyu = 7.6 Hz, CHoxindole), 7.39 (td, 1H, *Jyy =
7.6 Hz, *Ju = 1.2 Hz, CHogindole)s 7-56 (d, 1H, *Juy =
7.6 Hz, CHoingore)s 10.76 (s, 1TH, NH), 13.40 (s, 1H, NH)
ppm; "*C NMR (100 MHz, DMSO-dq): é = 53.0 (OMe),
110.9 (CHoxindole)s 111.0 (CHoxindote)s 115.8 (CHyiny1),
120.8 (Cy), 122.3 (CHoxindole)s 122.6 (CHoyingole)s 133.6
(Cy), 1425 (Cy), 144.1 (C=Noxindole)> 144.3 (C=Ooxindote);
147.7 (C=Nthiazote), 159.1 (C=0), 166.3 (C=Orhiazote) PPm;
IR (KBr): 7 = 3438 and 3139 (NH), 3069 (C,pp-H), 2890
(Cops-H), 1701, 1685 and 1640 (C=0), 1613 (C=N), 1551
and 1465 (C=C) cm™'; MS (70 eV): m/z = 330 (95, M*"),
302 (69), 270 (10), 243 (78), 145 (29), 131 (76), 118 (100),
103 (60), 85 (47), 59 (22).

Ethyl (2E)-[(22)-4-0x0-2-[(22)-(2-0x0-1,2-dihydro-3H-indol-3-
ylidene)hydrazono]-1,3-thiazolidin-5-ylidene]acetate  (4b,
Ci5H12N40,45)  Yield: 0.30 g (88%); m.p.: 260-262 °C;
Ry =0.52 (n-hexane/ethyl acetate 3:2); 'H NMR
(400.1 MHz, DMSO-dg): 6 = 1.27 (t, 3H, *Jyu = 6.8 Hz,
CH3), 4.25 (q, 2H, *Juyn = 6.8 Hz, OCH,), 6.69 (s, 1H,
C=CH), 6.86 (d, 1H, >Jy; = 8.0 Hz, CHoyindore), 7-04 (t,
1H, *Jun = 7.6 Hz, CHoxindole)s 7.39 (td, 1H, *Jygy = 8.0
Hz, *Jun = 1.2 Hz, CHoxindole)s 7.55 (d, 1H, *Jyy = 7.6
Hz, CHoxingore), 10.76 (s, 1H, NH), 13.37 (s, 1H, NH) ppm;
3C NMR (100 MHz, DMSO-dg): 6 = 14.5 (CH3), 61.9
(OCH,), 111.0 (CHoxindote)s 116.1 (CHyiny1), 120.8 (Cy),
120.9 (CHoxindote)s 122.2 (CHoxindote)> 122.6 (CHoxindole)s
133.6 (Cp), 1429 (Cy), 1441 (C=Noxingore) 144.2
(C=Ooxindote)s 147.7 (C=Nrhiazole), 159.1 (C=0), 166.3
(C=Orhiazole) pPpm; IR (KBr): v = 3460 and 3203 (NH),
3071 (Cypp-H), 2986 (Cyp3-H), 1723, 1688 and 1642 (C=0),
1613 (C=N), 1550 and 1466 (C=C) cm™'; MS (70 eV): m/
7z =344 (82, M™), 316 (55), 329 (2), 299 (9), 270 (5), 243
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(90), 158 (20), 145 (27), 131 (87), 118 (100), 103 (65), 85
(45).

Methyl (2E)-[(22)-2-[(22)-(5-chloro-2-oxo0-1,2-dihydro-3H-in-
dol-3-ylidene)hydrazono]-4-oxo-1,3-thiazolidin-5-ylidene]-
acetate (4c, Cy4HoCIN,O,S) Yield: 0.33 g (92%); m.p.:
331-333 °C; Ry = 0.4 (n-hexane/ethyl acetate 3:2); 'H
NMR (400.1 MHz, DMSO-dg): 6 = 3.80 (s, 3H, OMe),
6.73 (s, 1H, C=CH), 6.87 (d, 1H, *Jyy = 8.4 Hz,
CHoxindole)s 7-42 (dd, 1H, *Jyy = 8.4 Hz, *Jyyy = 2.0 Hz,
CHoxindote)s 7-47 (d, 1H, *Jyy = 2.0 Hz, CHoyingore), 10.88
(s, IH, NH), 13.50 (s, 1H, NH) ppm; "*C NMR (100 MHz,
DMSO-dg): 6 = 63.0 (OMe), 112.6 (CHoyindore), 116.1
(CHyiny), 121.5 (Cy), 122.5 (CHoxindote)> 126.6 (C-CI),
132.8  (CHoxindole)s 142.3 (Cy), 1429 (Cp), 146.7
(C:NOXinO]C)9 158.8 (C:OOXindole), 166.2 (C:NThiazole)a
166.5 (C=0), 168.2 (C=O-piazole) ppm; IR (KBr): v = 3450
and 3217 (NH), 3065 (Cyp-H), 2905 (Cyp3-H), 1724, 1684
and 1643 (C=0), 1614 (C=N), 1544 and 1444 (C=C) cm™!;
MS (70 eV): m/z = 366 (33, M*'+2), 364 (100, M™), 338
(92), 336 (31), 304 (9), 279 (25), 277 (76), 167 (21), 165
(64), 152 (93), 124 (42), 85 (44), 59 (13).

Ethyl  (2F)-[(22)-2-[(22)-(5-chloro-2-o0x0-1,2-dihydro-3H-in-
dol-3-ylidene)hydrazono]-4-oxo-1,3-thiazolidin-5-ylidene]-
acetate (4d, Cy5H,;CIN,0,S) Yield: 0.34 g (89%); m.p.:
322-325 °C; Ry = 0.42 (n-hexane/ethyl acetate 3:2); 'H
NMR (400.1 MHz, DMSO-de): d = 1.28 (t, 3H, *Jyy =
6.8 Hz, CH3), 3.80 (q, 3H, *Ji = 6.8 Hz, OCH,), 6.68 (s,
1H, C=CH), 6.85 (d, 1H, *Jun = 8.4 Hz, CHoxindore)s 7.40
(dd, 1H, *Jyy = 8.4 Hz, *Juy = 2.4 Hz, CHoyindore)s 7.45
(d, 1H, *Jup = 2.4 Hz, CHoxingore)s 10.86 (s, 1H, NH),
13.44 (s, 1H, NH) ppm; >C NMR (100 MHz, DMSO-dy):
0 = 14.5 (CH3), 62.0 (OCH,), 112.6 (CHoyindole), 116.3
(CHyiny), 1214 (Cy), 122.5 (CHogindole)> 126.6 (C-CI),
132.8  (CHoxindole), 142.3 (Cyp), 1429 (C,), 146.6
(C=Noxindole)» 138.7 (C=Ooxindote)> 165.8 (C=Nrhiazote),
166.6 (C=0), 168.5 (C=Orpjazole) ppm; IR (KBr): v = 3446
and 3193 (NH), 3042 (C,p,-H), 2918 (Cyp3-H), 1729, 1696
and 1643 (C=0), 1615 (C=N), 1537 and 1463 (C=C) cm ™ ';
MS (70 eV): m/z = 380 (32, M*+2), 378 (96, M"), 352
(33), 350 (100), 324 (7), 322 (22), 279 (16), 277 (47), 165
(56), 152 (62), 85 (40).

Methyl  (2E)-[(22)-2-[(22)-(5-nitro-2-0x0-1,2-dihydro-3H-in-
dol-3-ylidene)hydrazono]-4-oxo-1,3-thiazolidin-5-ylidene]-

acetate (4e, C14H9oNs06S)  Yield: 0.36 g (95%); m.p.: 315-
318 °C; R = 0.34 (n-hexane/ethyl acetate 3:2); '"H NMR
(400.1 MHz, DMSO-d): 0 = 3.81 (s, 3H, OMe), 6.76 (s,
1H, C=CH), 6.89 (d, 1H, *Juy = 8.4 Hz, CHogindgore), 7-43
(dd, 1H, *Jyy = 8.4 Hz, *Jun = 2.4 Hz, CHoxindole)s 8.25
(d, 1H, “Juu = 2.4 Hz, CHoxindore)s 10.44 (s, 1H, NH),
13.45 (s, 1H, NH) ppm; >°C NMR (100 MHz, DMSO-dy):
0 = 53.2 (OMe), 112.6 (CHoxindole)s 116.5 (CHyiny1), 118.5



Synthesis, characterization, and evaluation of antioxidant and antibacterial activities of... 2333

(CHoxindote)> 126.4 (CHoxindaole)s 128.6 (Cy), 133.2 (C-
NO,), 142.2 (Cy), 143.8 (Cy), 149.3 (C=Noyindole)» 164.7
(C=Oo0xindole)» 166.1 (C=Nrpjaze1e), 166.2 (C=0), 168.9
(C=Orpizrote) ppm; IR (KBr): v = 3450 and 3305 (NH),
3016 (Copo-H), 2944 (Cyp3-H), 1728, 1674 and 1656 (C=0),
1615 (C=N), 1544 and 1448 (C=C) cm™"; MS (70 eV): m/
z =375 (10, M%), 347 (7), 275 (27), 261 (52), 233 (23),
206 (33), 187 (30), 116 (25), 88 (22), 64 (100).

Ethyl (2E)-[(22)-2-[(22)-(5-nitro-2-ox0-1,2-dihydro-3H-indol-
3-ylidene)hydrazono]-4-oxo-1,3-thiazolidin-5-ylidene]-
acetate (4f, C;5H,1NsOgS) Yield: 0.35 g (94%); m.p.:
321-323 °C; Ry = 0.34 (n-hexane/ethyl acetate 3:2); 'H
NMR (400.1 MHz, DMSO-de): 6 = 1.26 (t, 3H, *Jyy =
7.2 Hz, CH3), 4.24 (q, 3H, *Jyu = 7.2 Hz, OCH.), 6.64 (s,
1H, C=CH), 6.86 (d, 1H, >/ = 8.4 Hz, CHoxindore)s 7.40
(dd, 1H, Jyy = 8.4 Hz, *Juyn = 2.4 Hz, CHoindore)s 8.20
(d, 1H, *Jup = 2.4 Hz, CHoxingoe), 10.92 (s, 1H, NH),
13.40 (s, 1H, NH) ppm; >°C NMR (100 MHz, DMSO-dy):
0 = 14.5 (CH3), 62.0 (OCH,), 112.5 (CHoxindole), 116.6
(CHVinyl)s 118.4 (CHOxindole)v 126.4 (CHOxindolc)a 128.6
(Cy, 133.1 (C-NO,), 142.0 (Cy), 143.8 (Cy), 149.2
(C=Noxindole)s 164.7 (C=Ooxindotc)> 165.6 (C=Nrpiszolc)
166.0 (C=0), 169.0 (C=Opiazole) ppm; IR (KBr): v = 3455
and 3265 (NH), 3041 (Cpo-H), 2998 (Cyp3-H), 1721, 1674
and 1658 (C=0), 1617 (C=N), 1548 and 1452 (C=C) cm™";
MS (70 eV): m/z = 389 (93, M™), 361 (28), 316 (7), 288
(65), 248 (100), 237 (84), 206 (35), 190 (67), 144 (77), 115
(37).

Methyl (2E)-[(22)-2-[(22)-(1-benzyl-2-ox0-1,2-dihydro-3H-in-
dol-3-ylidene)hydrazono]-4-oxo-1,3-thiazolidin-5-ylidene]-
acetate (4g, C21H16N404S) Yield: 034g (81%), m.p.:
217-220 °C; Ry = 0.6 (n-hexane/ethyl acetate 3:2); 'H
NMR (400.1 MHz, DMSO-dg): 6 = 3.80 (s, 3H, OMe),
4.92 (s, 2H, CH,), 6.75 (s, 1H, C=CH), 6.95 (d, 1H,
*Jan = 7.6 Hz, CHoyindote)s 7.09 (t, 1H, *Jyy = 7.2 Hz,
CHoxindote)> 7.24-7.29 (m, 1H, CH,,), 7.30-7.36 (m, 4H,
CHya,), 739 (td, 1H, *Jyy=7.6 Hz, *Juy = 1.2 Hz,
CHoxindole), 7-61 (d, 1H, *Jun = 7.2 Hz, CHogindote), 13.50
(s, 1H, NH) ppm; C NMR (100 MHz, DMSO-d):
0 =43.0 (CH,), 53.0 (OMe), 110.3 (CHoyindole)» 116.0
(CHVinyl)’ 120.2 (Cq)9 122.0 (CHOxindole)’ 1233 (CHOxin—
dole), 127.7 (CHp,), 128.0 (CHy,), 129.2 (CH,,), 133.4
(CHoxindole), 136.5 (Cy), 1424 (Cy), 1443 (Cy), 144.3
(C=Noxindole), 157.5 (C=Oqxindote)> 166.3 (C=Nrpiazole),
166.5 (C=0), 167.6 (C=Orpjazole) ppm; IR (KBr): v = 3436
(NH), 3063 (C4po-H), 2946 (Cyp3-H), 1725, 1696 and 1645
(C=0), 1608 (C=N), 1531 and 1465 (C=C) cm '; MS
(70 eV): m/z = 420 (100, M™), 392 (31), 360 (5), 329 (67),
301 (11), 235 (22), 207 (98), 193 (45), 144 (31), 91 (93).

Ethyl (2E)-[(22)-2-[(22)-(1-benzyl-2-0x0-1,2-dihydro-3H-in-
dol-3-ylidene)hydrazono]-4-oxo-1,3-thiazolidin-5-ylidene]-
acetate (4h, CyH.gN40,S) Yield: 0.34 g (78%); m.p.:
214-217 °C; Ry = 0.6 (n-hexane/ethyl acetate 3:2); 'H
NMR (400.1 MHz, DMSO-dg): & = 1.28 (t, 3H, *Juu =
7.2 Hz, CH3), 4.26 (q, 3H, *Jyy = 7.2 Hz, OCH,), 4.92 (s,
2H, CH,), 6.72 (s, 1H, C=CH), 6.95 (d, 1H, *J; = 8.0 Hz,
CHoxindole) 7-09 (t, 1H, *Jun = 7.6 Hz, CHoxindote)s 7-25~
7.29 (m, 1H, CH,,), 7.30-7.36 (m, 4H, CH,,), 7.39 (td, 1H,
3Jun = 8.0 Hz, *Jyy = 0.8 Hz, CHoindoe), 7-61 (d, 1H,
*Jun = 7.6 Hz, CHoyindote), 13.48 (s, 1H, NH) ppm; "°C
NMR (100 MHz, DMSO-dy): & = 14.5 (CHz), 43.0 (CH,),
62.0 (OCH,), 110.3 (CHoyindole)s 116.2 (CHyiny), 1203
(Cq)9 122.0 (CHOxindole), 123.3 (CHOxindole)» 127.7 (CHAr)a
128.0 (CH,,), 129.2 (CHgayp), 133.4 (CHogindole)s 136.5
(Cy)» 142.3 (C,), 144.3 (C,), 146.6 (C=Nogingore), 157.5
(C=Oo0xindole)s 165.8 (C=Nrhiazore), 166.5 (C=0), 167.7
(C=Orhiazote) pPpm; IR (KBr): v = 3436 (NH), 3062 (Cgpr-
H), 2933 (Cyp3-H), 1708, 1684 and 1641 (C=0), 1612
(C=N), 1553 and 1468 (C=C) cm™'; MS (70 eV): m/
7z =434 (98, M"), 406 (42), 389 (13), 360 (4), 343 (55),
235 (18), 207 (100), 193 (45), 144 (20), 91 (98).

Methyl (2E)-[(22)-2-[(22)-(2-0x0-1-prop-2-yn-1-yl-1,2-dihy-
dro-3H-indol-3-ylidene)hydrazonol-4-oxo-1,3-thiazolidin-5-
ylidene]acetate (4i, C,7;H;3N404S) Yield: 0.29 g (79%);
m.p.: 229-231 °C; Ry = 0.5 (n-hexane/ethyl acetate 3:2);
'"H NMR (400.1 MHz, DMSO-ds): 6 =329 (t, 1H,
*Jun = 2.4 Hz, =CH), 3.79 (s, 3H, OMe), 4.54 (d, 2H,
*Jun = 2.4 Hz, N-CH,), 6.72 (s, 1H, C=CH), 7.14 (m, 2H,
CHOxindole)a 7.50 (t’ lH, 3‘IHH =72 HZ, CHOxindolc)’ 7.24—
7.29 (m, 1H, CH,,), 7.30-7.36 (m, 4H, CH,,), 7.39 (t, 1H,
3Jun = 7.2 Hz, CHoxindole)s 7.61 (d, 1H, *Juyu = 7.2 Hz,
CHoxindgole)s 13.46 (s, 1H, NH) ppm; >C NMR (100 MHz,
DMSO-dg): 6 = 29.1 (N-CH,), 53.0 (OMe), 75.0 (=CH),
78.2 (Cy), 110.4 (CHoxindole)s 116.0 (CHyiny1), 120.2 (Cy),
122.0 (CHoxindote)> 123.6 (CHoxindote)> 133.4 (CHoxindote)s
142.4 (Cp), 143.3 (C,), 146.1 (C,), 156.5 (C=Noxindole)s
166.3 (C=Ooxindole)s 166.5 (C=0), 168.2 (C=Orpiazole)
ppm; IR (KBr): ¥ = 3439 (NH), 3176 (Cyp-H), 3063 (Cypo-
H), 2924 (Cya-H), 1716, 1684 and 1641 (C=0), 1614
(C=N), 1547 and 1470 (C=C) cm™'; MS (70 eV): m/
z =368 (100, M™), 355 (37), 340 (56), 329 (26), 315 (21),
285 (58), 270 (30), 245 (63), 230 (28), 183 (12).

Ethyl (2E)-[(22)-4-0x0-2-[(22)-(2-0x0-1-prop-2-yn-1-yl-1,2-di-
hydro-3H-indol-3-ylidene)hydrazono]-1,3-thiazolidin-5-yli-

denelacetate (4j, CygH14N40,S) Yield: 0.28 g (75%);
m.p.: 238-240 °C; R; = 0.5 (n-hexane/ethyl acetate 3:2);
'"H NMR (400.1 MHz, DMSO-dg): 6 = 1.28 (t, 3H,
3Jun = 6.8 Hz, CH3), 3.30 (t, 1H, *Jyy = 2.4 Hz, =CH),
4.25 (q, 3H, *Jyy = 6.8 Hz, OCH,), 4.55 (d, 2H, *Jyu =
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2.4 Hz, N-CH,), 6.71 (s, 1H, C=CH), 7.16 (m, 2H,
CHoxindole)s 7.51 (td, 1H, *Jyy = 7.6 Hz, *Juy = 1.2 Hz,
CHoxindole), 7.63 (dd, 1H, *Jyy = 7.6 Hz, *Juy = 1.2 Hz,
CHoxindote)s 13.53 (s, 1H, NH) ppm; '*C NMR (100 MHz,
DMSO-de): 6 = 14.5 (CH3), 29.1 (N-CH,), 62.0 (OCH.,),
75.0 (=CH), 78.2 (C,), 110.4 (CHoxindole)> 116.3 (CHy;.
nyl)’ 120.2 (Cq)7 122.0 (CHOxindo]e)» 123.6 (CHOxindole)’
1334 (CHoxingole)s 14222 (C,), 144.3 (Cp), 1462
(C=Noxindole)> 156.5 (C=Ooxindote)> 165.8 (C=Nrhizzole),
166.4 (C=0), 168.0 (C=Orpjazole) ppm; IR (KBr): v = 3439
(NH), 3177 (Cgp-H), 3062 (Cypo-H), 2933 (Cyp3-H), 1722,
1685 and 1648 (C=0), 1615 (C=N), 1546 and 1467 (C=C)
cm™'; MS (70 eV): m/z = 382 (100, M*), 354 (60), 343
(35), 337 (5), 315 (9), 281 (10), 253 (5), 224 (6), 196 (9),
169 (10).

General procedure for the synthesis
of compounds 6a-6e

To a stirred solution of oxindole la-le (1.0 mmol) in
5 c¢cm’ of absolute EtOH were added thiosemicarbazide (2,
1.0 mmol), maleimide (5, 1.0 mmol) in the presence of
0.01 g chloroacetic acid as a catalyst. The reaction mixture
was refluxed for 12-24 h. After the completion of the
reaction (monitored by TLC), the mixture was filtered and
residue powder recrystallized in EtOH that afford to the
desired indole-hydrazono thiazolidin acetamides 6a—6e as
an orange powder.

2-[(22)-4-0x0-2-[(22)-(2-0x0-1,2-dihydro-3H-indol-3-yli-

dene)hydrazono]-1,3-thiazolidin-5-ylJacetamide (6a,
Ci3H11N505S)  Yield: 0.25 g (80%); m.p.: 283-285 °C;
Ry =03 (n-hexane/ethyl acetate 3:2); 'H NMR

(400.1 MHz, DMSO-dg): 0 =2.74 (AB quartet, 1H,
2Jun = 160 Hz, 3Jyy =92 Hz, CH,) and 2.97 (AB
quartet, 1H, *Jyy = 16.0 Hz, *Jyy = 4.0 Hz, CH,), 4.40
(dd, 1H, *Jgu = 9.2 Hz, *Jyy = 4.0 Hz, CH), 6.86 (d, 1H,
3JHH =8.0 HZ, CHOxindole)’ 7.00 (td, 1H, 3JHH =76 HZ,
*Jin = 0.8 Hz, CHoxindole), 7-11 (s, 1H, NH), 7.35 (td, 1H,
3'IHH =176 HZ, 4‘,HH =1.2 HZ, CHOxindole)’ 7.55 (S, lH,
NH), 8.22 (d, 1H, *Jy = 8.0 Hz, CHoxindore), 10.71 (s, 1H,
NH), 12.38 (s, 1H, NH) ppm; *C NMR (100 MHz,
DMSO-dg): 6 = 37.6 (CH»), 44.8 (CH), 110.9 (CHoxindore)-
117.6 (CHoxindole)s 117.6 (Cy), 122.3 (CHoxindole)s 128.9
(CHoxindole)s 133.1  (CHoxindole)s 1445 (Cy), 148.2
(C=Noxindole)» 165.3 (C=O0xindole)> 171.3 (C = Nrpiazore),
172.9 (C=0), 176.2 (C=Orhiazote) ppm; IR (KBr): v = 3422
and 3198 (NH), 3085 (Cypo-H), 2962 (Cyp3-H), 1715, 1668
and 1642 (C=0), 1625 (C=N), 1554 and 1457 (C=C) cm ™ ";
MS (70 eV): m/z = 317 (35, M*), 300 (2), 289 (12), 273
(47), 245 (7), 203 (23), 192 (100), 146 (42), 129 (28), 118
(44), 76 (55), 59 (42).

@ Springer

2-[(22)-2-[(22)-(5-Chloro-2-oxo-1,2-dihydro-3H-indol-3-yli-
dene)hydrazono]-4-oxo-1,3-thiazolidin-5-ylJacetamide (6b,
Cq3H10CINSO5S)  Yield: 0.31 g (87%); m.p.: 315-318 °C;
Ry =0.24 (n-hexane/ethyl acetate 3:2); 'H NMR
(400.1 MHz, DMSO-dg): 6 =2.76 (AB quartet, 1H,
2Jun = 160 Hz, 3Jyy =92 Hz, CH,) and 2.98 (AB
quartet, 1H, *Jy = 16.0 Hz, *Jyy = 3.6 Hz, CH,), 4.42
(dd, 1H, *Jgu = 9.2 Hz, *Jyy = 3.6 Hz, CH), 6.87 (d, 1H,
3Jun = 8.0 Hz, CHoindole), 7.12 (s, 1H, NH), 7.39 (dd, 1H,
3Jum = 8.0 Hz, *Jun = 2.4 Hz, CHowingore)s 7.56 (s, 1H,
NH), 8.27 (d, 1H, *Jyy = 2.4 Hz, CHoxindore), 10.84 (s, 1H,
NH), 12.51 (s, 1H, NH) ppm; *C NMR (100 MHz,
DMSO-dy): 6 = 37.5 (CH,), 45.0 (CH), 112.3 (CHoxindore)s
1188 (Cy), 1262 (CHoginaowe)s 128.3 (C-Cl), 132.4
(CHOxindole)a 143.1 (Cq)a 147.1 (C=N0xindole)’ 165.0
(C:OOxindole)7 171.3 (C:NThiazole)a 174.2 (C:O)’ 176.4
(C=Orhijazotle) ppm; IR (KBr): v = 3425 and 3291 (NH),
3004 (Cypp-H), 2917 (Cyp3-H), 1726, 1663 and 1641 (C=0),
1626 (C=N), 1540 and 1450 (C=C) cm~ ', MS (70 eV): m/
7=353 (3, M" + 2),351 (9, M"), 335 (31), 333 (93), 305
(37), 280 (2), 195 (47), 179 (65), 166 (9), 152 (79), 129
(44), 59 (100).

2-[(22)-2-[(22)-(5-Nitro-2-oxo-1,2-dihydro-3H-indol-3-yli-
dene)hydrazono]-4-oxo-1,3-thiazolidin-5-ylJacetamide (6¢,
C13H1oNg0sS)  Yield: 0.33 g (90%); m.p.: 310-312 °C;
Ry =0.24 (n-hexane/ethyl acetate 3:2); 'H NMR
(400.1 MHz, DMSO-d): 6 =275 (AB quartet, 1H,
2Juu = 162 Hz, *Jyy =92 Hz, CH,) and 2.99 (AB
quartet, 1H, *Jyy = 16.2 Hz, *Jyy = 4.2 Hz, CH,), 4.44
(dd, 1H, *Jgu = 9.2 Hz, *Jyy = 4.2 Hz, CH), 6.88 (d, 1H,
3Jun = 8.0 Hz, CHoxindore), 7.12 (s, 1H, NH), 7.37 (dd, 1H,
3Jun = 8.0 Hz, “Jun = 2.0 Hz, CHoxindgore)s 7.56 (s, 1H,
NH), 8.27 (d, 1H, *Juy = 2.0 Hz, CHogindole), 10.83 (s, 1H,
NH), 12.50 (s, 1H, NH) ppm; C NMR (100 MHz,
DMSO-dg): 6 = 37.4 (CHy), 44.9 (CH), 112.2 (CHogindole)-
118.7 (CHoxindole)s 126.2 (CHoxindole)s 128.2 (Cy), 1323
(C-NOy), 143.1 (C,), 147.1 (C=Nogindoe)s 164.9
(C=Ooxindote)s 171.2 (C=Nrhjazole), 174.2 (C=0), 176.3
(C=Orniazore) ppm; IR (KBr): v = 3374, 3277 and 3193
(NH), 3070 (Cypo-H), 2924 (Cyp3-H), 1700 (C=0), 1616
(C=N), 1518 and 1470 (C=C) cm™'; MS (70 eV): m/
z=362 (2, M%), 265 (60), 248 (56), 237 (100), 204 (35),
190 (42), 176 (14), 144 (43), 115 (30).

2-[(22)-2-[(22)-(1-Benzyl-2-oxo-1,2-dihydro-3H-indol-3-yli-

dene)hydrazono]-4-oxo-1,3-thiazolidin-5-ylJacetamide (6d,
CaoH17Ns05S)  Yield: 0.31 g (77%); m.p.: 288-290 °C;
Ry =04 (n-hexane/ethyl acetate 3:2); 'H NMR
(400.1 MHz, DMSO-d): 6 =2.76 (AB quartet, 1H,
2Jun = 162 Hz, *Jyn =92 Hz, CH,) and 298 (AB
quartet, 1H, *Jyy = 16.2 Hz, *Jyg = 4.0 Hz, CH,), 4.43
(dd, 1H, 3Juy = 9.2 Hz, *Juy = 4.0 Hz, CH), 4.96 (s, 2H,
N-CH,), 6.98 (d, 1H, *Jiq = 7.6 Hz, CHoxgindole), 7-07 (td,



Synthesis, characterization, and evaluation of antioxidant and antibacterial activities of... 2335

1H, *Juy = 7.4 Hz, *Jyu = 1.2 Hz, CHoxindote)s 7.13 (s,
1H, NH), 7.25-7.29 (m, 1H, CH,,), 7.31-7.38 (m, 5H,
CH,,), 7.57 (s, 1H, NH), 8.28 (dd, 1H, *Jyy = 7.6 Hz,
*Jun = 1.2 Hz, CHogingote), 1246 (s, 1H, NH) ppm; '*C
NMR (100 MHz, DMSO-d): 6 = 37.5 (CH,), 43.1 (CH),
44.9 (CH,), 110.1 (CHoyindole)s 117.1 (Cy), 123.0 (CHp,),
127.7 (CHoindote)s 127.9 (CHa,), 128.8 (CHogindote)s 129.2
(CHay), 133.0 (CHoyindole)> 136.7 (C,), 144.5 (C,), 147.1
(C=Noxindole)> 164.1 (C=Oopxindote)> 171.3 (C=Nrpiazole),
173.8 (C=0), 176.4 (C=Orpiasore) ppm; IR (KBr): 7 = 3462
and 3363 (NH), 3031 (C.pp-H), 2925 (Cp3-H), 1721, 1661
and 1648 (C=0), 1609 (C=N), 1555 and 1469 (C=C) cm™';
MS (70 eV): m/z = 407 (9, M*), 363 (9), 300 (42), 257
(35), 235 (100), 207 (47), 129 (26), 91 (28), 59 (12).

2-[(22)-4-0x0-2-[(22)-(2-0x0-1-prop-2-yn-1-yl-1,2-dihydro-
3H-indol-3-ylidene)hydrazono]-1,3-thiazolidin-5-yl]acet-
amide (6e, C;6H13Ns05S)  Yield: 0.25 g (71%); m.p.: 282—
284 °C; Ry = 0.3 (n-hexane/ethyl acetate 3:2); '"H NMR
(400.1 MHz, DMSO-d): 6 =2.76 (AB quartet, 1H,
2Juu = 164 Hz, Jyyy =92 Hz, CH,) and 2.98 (AB
quartet, 1H, >/ = 16.4 Hz, *Jyy = 4.0 Hz, CH,), 3.30 (t,
1H, *Jyy = 2.4 Hz, = CH), 4.42 (dd, 1H, *Juy = 9.2 Hz,
3Jun = 4.0 Hz, CH), 4.59 (d, 2H, “Jyy = 2.4 Hz, N-CH,),
7.11-7.16 (m, 2H, CHoxindote), 7-18 (s, 1H, NH), 7.49 (td,
1H, 3Juu = 7.6 Hz, *Jun = 1.2 Hz, CHoxindole)s 7.56 (s,
1H, NH), 8.29 (d, 1H, *Juy = 7.2 Hz, CHoindole), 12.48 (s,
1H, NH) ppm; '*C NMR (100 MHz, DMSO-de): 6 = 29.2
(N-CH,), 37.5 (CH,), 44.9 (CH), 74.9 (=CH), 78.4 (C,),
110.2 (CHoxindote)s 117.1 (Cy), 123.3 (CHoxindore)s 128.7
(CHOxindole)’ 133.0 (CHOxindole)s 143.6 (Cq)’ 146.8
(C=Noxindole)s 163.1 (C=Opxindgotc)> 171.4 (C=Nrhiazolc)
174.0 (C=0), 176.4 (C=Opiasoe) ppm; IR (KBr): v = 3421
and 3339 (NH), 3126 (C,-H), 3060 (Cypp-H), 2957 (Cypi-
H), 1730, 1707 and 1658 (C=0), 1617 (C=N), 1529 and
1470 (C=C) cm™'; MS (70 eV): m/z = 355 (21, M*), 338
(5), 311 (37), 258 (100), 230 (47), 184 (65), 170 (17), 129
(47), 97 (93), 59 (42).

Evaluation of antioxidant activity

Radical scavenging activities of the hydrazono thiazo-
lidin-4-ones (4a—4j and 6a—6e) were determined against
stable DPPH radical spectrophotometrically [40]. A
stock solution (1.0 mg cm™>) of compounds was pre-
pared in DMSO. Then, 1.0 cm® of each compound
solution was added to 1.0 cm® of a 0.004% methanol
solution of the DPPH radical and shaken vigorously.
After 60 min of incubation in the dark at room temper-
ature, the absorbance was observed against a blank at
517 nm. The assay was carried out in triplicate and the
percentage of inhibition was calculated using the fol-
lowing formula:

% Inhibition = (Ac — A5)/Ac x 100,

where Ac is the absorbance value of the control sample, A
is the absorbance value of the tested sample, and the results
were reported as mean £ SD after three repeats.

Evaluation of antibacterial activity

The in vitro biocidal screening, antibacterial activities of
the synthesized compounds were assayed onto LB plates
contained: bacto™ tryptone, 10.0 g dm™; yeast extract,
50¢g dm_3; NaCl, 50 g dm_3; glucose, 1.0 g dm_3; and
agar 12.0 g dm™> [41]. The synthesized hydrazono thia-
zolidin-4-ones was well dissolved into DMSO and added
into LB medium to give a final concentration of 1-300 pg
cm > as required, then sterilised at 121 °C for 15 min. The
antibacterial activities of the hydrazono thiazolidin-4-one
compounds were also compared with known antibiotic
tetracycline at the same concentration. Minimum bacteri-
cidal concentration (MBC) of these compounds was
assayed using a standard method against some bacteria
including E. coli PTCC 1330, P. aeruginosa PTCC 1074,
S. aureus ATCC 35923, and B. subtilis PTCC 1023. Late
exponential phase of the bacteria was prepared by inocu-
lating 1% (v/v) of the cultures into the fresh LB medium
and incubating on an orbital shaker at 37 °C and 100 rpm
overnight. The fresh culture was inoculated onto LB plates
containing different concentrations of the synthesized
compounds then incubated at 37 °C. The compounds sen-
sitivity of the strains was assayed for positive or negative
growth after 24-48 h.

Acknowledgements We gratefully acknowledge financial support
from the Research Council of University of Mazandaran.

References

1. Costantino L, Barlocco D (2006) Curr Med Chem 13:65
2. Nuss JM, Desai MC, Zuckermann RN, Singh R, Renhowe PA,
Goff DA, Chinn JP, Wang L, Dorr H, Brown EG, Subramanian S
(1997) Pure Appl Chem 69:447
3. Broughton HB, Watson IA (2004) J Mol Graph Model 23:51
. Newkome GR, Nayak A (1980) Adv Heterocycl Chem 25:83
5. Vigorita MG, Ottana R, Monforte F, Maccari R, Monforte MT,
Trovato A, Taviano MF, Miceli N, De Luca G, Alcaro S, Ortuso
F (2003) Bioorg Med Chem 11:999
6. Look GC, Schullek JR, Holmes CP, Chinn JP, Gordon EM,
Gallop MA (1996) Bioorg Med Chem Lett 6:707
7. Gududuru V, Hurh E, Dalton JT, Miller DD (2004) Bioorg Med
Chem Lett 14:5289
8. Agarwal A, Lata S, Saxena KK, Srivastava VK, Kumar A (2006)
Eur J] Med Chem 41:1223
9. Bhosle MR, Mali JR, Pal S, Srivastava AK, Mane RA (2014)
Bioorg Med Chem Lett 24:2651
10. Lohray BB, Bhushan V, Rao PB, Madhavan GR, Murali N, Rao
KN, Reddy KA, Rajesh BM, Reddy PG, Chakrabarti R, Raja-
gopalan R (1997) Bioorg Med Chem Lett 7:785

~

@ Springer



2336

S. Asghari et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Subhedar DD, Shaikh MH, Arkile MA, Yeware A, Sarkar D,
Shingate BB (2016) Bioorg Med Chem Lett 26:1704

Lesyk RB, Zimenkovsky BS, Kaminskyy DV, Kryshchyshyn AP,
Havryluk DY, Atamanyuk DV, Subtel’na 1Y, Khyluk DV (2011)
Biopolym. Cell 27:107

Anh HLT, Cuc NT, Tai BH, Yen PH, Nhiem NX, Thao DT, Nam
NH, Van Minh C, Van Kiem P, Kim YH (2015) Molecules
20:1151

Barreca ML, Chimirri A, De Luca L, Monforte AM, Monforte P,
Rao A, Zappala M, Balzarini J, De Clercq E, Pannecouque C,
Witvrouw M (2001) Bioorg Med Chem Lett 11:1793
Hutchinson I, Jennings SA, Vishnuvajjala BR, Westwell AD,
Stevens MF (2002) J Med Chem 45:744

Arey BJ, Yanofsky SD, Pérez MC, Holmes CP, Wrobel J,
Gopalsamy A, Stevis PE, Lépez FJ, Winneker RC (2008) Bio-
chem Biophys Res Commun 368:723

de Oliveira Filho GB, de Oliveira Cardoso MV, Espindola JWP,
Ferreira LFGR, de Simone CA, Ferreira RS, Coelho PL, Meira
CS, Moreira DRM, Soares MBP, Leite ACL (2015) Bioorg Med
Chem 23:7478

Bondock S, Khalifa W, Fadda AA (2007) Eur J Med Chem
42:948

Jiang X, Sun Y, Yao J, Cao Y, Kai M, He N, Zhang X, Wang Y,
Wang R (2012) Adv Synth Catal 354:917

Chafeev M, Chakka N, Chowdhury S, Fraser R, Fu J, Hou D,
Hsieh T, Kamboj R, Liu S, Raina V, Bagherzadeh MS (2010)
Spiro-oxindole compounds and their uses as therapeutic agents.
US patent 7,700,641; (2006) Chem Abstr 145:438596

Kandile NG, Zaky HT, Mohamed MI, Ismaeel HM, Ahmed NA
(2012) J Enzyme Inhib Med Chem 27:599

Fatima I, Ahmad I, Anis I, Malik A, Afza N (2007) Molecules
12:155

Zhou L, Liu Y, Zhang W, Wei P, Huang C, Pei J, Yuan Y, Lai L
(2006) J Med Chem 49:3440

@ Springer

24.
25.

26.

27.

28.
29.

30.
31.
32.
33.
34,
35.
36.
37.
38.
. Walmik P, Saundane AR (2014) Pharma Chem 6:70

40.
41.

Pirrung MC, Pansare SV, Sarma KD, Keith KA, Kern ER (2005)
J Med Chem 48:3045

Eltsov OS, Mokrushin VS, Bel NP, Kozlova NM (2003) Russ
Chem Bull 52:461

Bolli MH, Abele S, Binkert C, Bravo R, Buchmann S, Bur D,
Gatfield J, Hess P, Kohl C, Mangold C, Mathys B (2010) J Med
Chem 53:4198

Ocal N, Aydogan F, Yolacan C, Turgut Z (2003) J Heterocycl
Chem 40:721

Nagarajan K (2006) J Chem Sci 118:291

Mukhtar S, Rahman MV, Ansari WH, Lemiére G, De Groot A,
Dommisse R (1999) Molecules 4:232

Moghaddam FM, Hojabri L (2007) J Heterocycl Chem 44:35
Pizzo C, Saiz C, Talevi A, Gavernet L, Palestro P, Bellera C,
Blanch LB, Benitez D, Cazzulo JJ, Chidichimo A, Wipf P (2011)
Chem Biol Drug Des 77:166

Singla R, Gautam D, Gautam P, Chaudhary RP (2016) Phos-
phorus. Sulfur Silicon Relat Elem 191:740

Saeed A, Al-Masoudi NA, Latif M (2013) Arch Pharm Chem
Life Sci 346:618

Porshamsian K, Montazeri N, Rad-Moghadam K, Ali-Asgari S
(2010) J Heterocycl Chem 47:1439

El-Emary TI, Ahmed RA, Bakhite EA (2001) J Chin Chem Soc
48:921

Ramshid PK, Jagadeeshan S, Krishnan A, Mathew M, Asha Nair
S, Radhakrishna Pillai M (2010) Med Chem 6:306

Gouda MA, Abu-Hashem AA (2011) Arch Pharm 344:170
Jagtap RM, Pardeshi SK (2014) Pharm Lett 6:137

Blois MS (1958) Nature 181:1199
Lakouraj M, Rahpaima G, Mohseni M (2013) J Mater Sci
48:2520



	Synthesis, characterization, and evaluation of antioxidant and antibacterial activities of novel indole-hydrazono thiazolidinones
	Abstract
	Graphical abstract
	Introduction
	Results and discussion
	Antioxidant activity
	Antibacterial activity

	Conclusions
	Experimental
	General procedure for the synthesis of compounds 4a--4j
	General procedure for the synthesis of compounds 6a--6e
	Evaluation of antioxidant activity
	Evaluation of antibacterial activity

	Acknowledgements
	References




