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ABSTRACT: In this work, an efficient sulfur- and DABCO-
promoted reaction for the synthesis of aminoalkylidene rhodanines
from available alkylidene rhodanines and isothiocyanates is
reported. A tandem process including sulfurative annulation/ring-
opening by liberation of a CS2 molecule/olefination allows the
synthesis of aminoalkylidene rhodanines with acceptable functional
group tolerance. Chemo- and stereoselectivity, operational
simplicity, and synthetically useful yields are some highlighted
advantages of these transformations.

■ INTRODUCTION
Substituted heterocyclic molecules are identified as a privileged
class of compounds in contemporary organic and medicinal
chemistry. These frameworks constitute an inspiration for
chemists owing to their extensive biological and synthetic
relevance.1 Among various important heterocyclic scaffolds,
rhodanines are interesting key units found in many biological
active compounds and therapeutic agents.2 The structures of
rhodanine (A) and some pharmacophores (B−E) containing
the rhodanine subunit are depicted in Figure 1.3 Furthermore,
rhodanine derivatives are responsive to photons and have the
potential to be used as photocatalysts. In this regard,
substituted rhodanines attract significant attention due to
their considerable value as building blocks and synthetic
targets.4 Over the past years, rhodanine-based compounds
have been employed as nucleophilic or electrophilic synthons
for the synthesis of high-added-value molecules.5 Among
various rhodanine derivatives, alkylidene rhodanines (Figure
1F) are very interesting starting materials and they have been
used in several cycloaddition transformations.6

Alizadeh et al. reported the ultrasound-promoted [4 + 2]
annulation/aromatization/nucleophilic acyl substitution reac-
tion of alkylidene rhodanines and alkylidene malononitriles
toward the synthesis of phthalimides.7 Preparation of
spirocyclohexanonerhodanines using a diamine-catalyzed
asymmetric tandem reaction between alkylidene rhodanines
and α,β-unsaturated ketones was disclosed by Ye and co-
workers.8 Yavari et al. reported the synthesis of spiropyrroli-
zidine-linked rhodanines through [3 + 2] cycloaddition

reactions of azomethine ylides, prepared in situ from L-proline
and acetylenic esters and alkylidene rhodanines.9 As a part of
our ongoing studies directed toward developing practical and
novel synthetic protocols for heterocycles, we decided to
employ alkylidene rhodanines for the synthesis of novel
rhodanine-based molecules.10

Interestingly, Nguyen’s group developed several elegant
methods for the synthesis of heterocyclic compounds using
elemental sulfur as a stable, readily accessible, and user-friendly
(nontoxic, nonodorous, and nonvolatile) reagent.11 In 2021,
they reported a base-catalyzed three-component synthesis of
thiazole-2-thiones via the reaction of chalcones with iso-
thiocyanates and elemental sulfur (Scheme 1A).12 Inspired by
this research, we decided to investigate the reaction of
alkylidene rhodanines,13 in the place of simple chalcones,
with isothiocyanates14 and elemental sulfur for the synthesis of
novel rhodanine-based compounds. To our surprise, compared
with the report by Nguyen’s group, the base-catalyzed three-
component reaction of alkylidene rhodanines with isothiocya-
nates and elemental sulfur progressed differently and novel
aminoalkylidene rhodanines were synthesized (Scheme 1B).
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Seemingly, this transformation is based on the following
three steps (Figure 2): (1) sulfur- and base-promoted
formation of zwitterion intermediate I; (2) nucleophilic attack
of the intermediate I to alkylidene rhodanine 1 followed by the
formation of spiro intermediate II; and (3) base-promoted CS2
cleavage and final product preparation.

Interestingly, there are some reports on the synthesis of
aminoalkylidene rhodanine scaffolds. In 2009, Favi’s group
described the three-component reaction of aliphatic primary
amines and carbon disulfide with 1,2-diaza-1,3-dienes, in which
the final product bears an aminoalkylidene rhodanine frame-
work (Scheme 2A).15 Lesyk et al. demonstrated a facile
method for the synthesis of pharmaceutically active amino-
alkylidene rhodanine derivatives via the reaction of ethox-
yalkylidene rhodanines with amines (Scheme 2B).16 Moreover,
aminoalkylidene rhodanine frameworks were synthesized
through reactions between 3-alkyl rhodanines and formami-
dines (Scheme 2C).17

Figure 1. Structures of rhodanine (A), some bioactive molecules containing a rhodanine unit (B−E), and alkylidene rhodanine (F).

Scheme 1. Sulfur- and DABCO-Promoted Reaction between
Chalcones and Isothiocyanates

Figure 2. Proposed reaction path for the synthesis of aminoalkylidene rhodanines.
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To the best of our knowledge, this base-catalyzed reaction of
alkylidene rhodanines with isothiocyanates and elemental
sulfur to direct the synthesis of aminoalkylidene rhodanines
has never been documented, which represents an interesting
reaction mode and extends the application of alkylidene
rhodanines in organic synthesis.

■ RESULTS AND DISCUSSION
At the outset of our study, alkylidene rhodanine 1a (1 equiv)
and isothiocyanate 2a (1.5 equiv) were selected for the initial
reaction in the presence of S8 (2 equiv) and DABCO (0.2
equiv) in MeCN (Table 1, entry 1). The reaction mixture was
magnetically stirred at reflux temperature for 24 h, but no
product was obtained. Increasing the reaction temperature to

Scheme 2. Reported Strategies for the Formation of Aminoalkylidene Rhodanine Derivatives

Table 1. Survey on the Conditions for the Synthesis of 3aa

entry x base y solvent temperature (°C) time yield (%)b

1 2 DABCO 0.2 MeCN 80 24 0
2 2 DABCO 0.2 MeCN 100 48 trace
3 2 DABCO 0.2 DMSO 100 24 37
4 2 DABCO 0.2 DMF 100 24 44
5 2 DABCO 0.2 DMA 100 24 40
6 2 DABCO 0.2 toluene 100 24 0
7 2 DABCO 0.2 1,4-dioxane 100 24 10
8 2 DABCO 0.2 EtOH 80 24 0
9 2 DABCO 0.2 DMF 120 20 51
10 2 triethylamine 1 DMF 120 24 32
11 2 N-methylpiperidine 1 DMF 120 24 35
12 2 Pyridine 1 DMF 120 24 0
13 2 DABCO 0.5 DMF 120 19 58
14 2 DABCO 1 DMF 120 17 62
15 3 DABCO 1 DMF 120 16 67
16 4 DABCO 1 DMF 120 16 74
17 4 DABCO 1 DMF 140 14 69
18 0 DABCO 1 DMF 120 24 0

aReaction conditions: 1a (311 mg, 1.0 mmol), 2a (202 mg, 1.5 mmol), S8 (x equiv, x mmol, 32 mg/mmol), base (y equiv, y mmol), and solvent (3
mL) were added to the reaction vessel. The reaction mixture was magnetically stirred at the mentioned temperature in an oil bath. After the
mentioned time, the target product was purified by column chromatography on silica gel using n-hexane/EtOAc (9:1 v/v) as the eluent. bIsolated
yields.
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100 °C led to the formation of product 3a with a negligible
yield, and the reaction remained incomplete even after 48 h.
Gratifyingly, a moderate yield of 3a was obtained when the
reaction was heated at 100 °C in dimethyl sulfoxide (DMSO)
(entry 3). Encouraged by this result, other solvents were
tested, and the best yield was gained when using
dimethylformamide (DMF) as the solvent (entries 4−8).
Notably, increasing the reaction temperature to 120 °C led to a
higher yield (entry 9).

In the next step, bases were screened. Different bases
including triethylamine, pyridine, and N-methylpiperidine were
inferior to DABCO (entries 10−12). Moreover, a significant
improvement in the reaction yield and time was observed by
using 1 equiv of DABCO (entry 14). Notably, no trans-

formation occurred in the absence of S8 in DMF at 120 °C
overnight (entry 18).

Further investigation revealed that the ratio of starting
materials is crucial, and the best result, 74%, was gained when
the ratio of 1a, 2a, and S8 was adjusted to 1:1.5:4. It should be
noted that the role of the isothiocyanate component in this
conversion was investigated by a control experiment. In the
absence of the isothiocyanate component, upon keeping the
mixture of alkylidene rhodanine 1a and aniline under identical
reaction conditions, no sign of aminoalkylidene rhodanine
formation was observed. In this regard, we deduced that the
presence of the isothiocyanate component is necessary for this
transformation.

To gain insight into the tolerance of this transformation, we
evaluated the reaction scope using various alkylidene

Scheme 3. Synthesis of Aminoalkylidene Rhodanines

aReaction temperature: 140 °C.
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rhodanines and isothiocyanates under the optimized reaction
conditions. We first investigated the reaction scope with
respect to the alkylidene rhodanines. As indicated in Scheme 3,
either an electron-donating substituent or an electron-with-
drawing substituent on the phenyl ring of alkylidene
rhodanines was well-tolerated, giving the expected products
in synthetically useful yields (3b and 3c).

Alkylidene rhodanines bearing electron-donating groups
gave yields higher than those bearing electron-withdrawing
groups. Moreover, substrate 1, with a strong electron-
withdrawing substituent on the phenyl ring, such as nitro,
gave a relatively lower yield (3d, 67%). Subsequently, the effect
of the substituent at N-3 of the rhodanine substrate 1 was
explored. Both N-allyl and -propyl substituted alkylidene
rhodanines reacted smoothly, delivering 3e and 3f in 76 and
78% yields, respectively.

Next, the scope of isothiocyanates was explored. Differently
substituted isothiocyanates, derived from anilines,14 were
subjected to the reaction with 1a under the optimized reaction
conditions. In most cases, the transformation also worked
smoothly, affording the desired aminoalkylidene rhodanines in
good yields (3g−j, 69−73%).

Notably, the reactions of isothiocyanates with an electron-
deficient substituent, such as −CF3, −CN, and −NO2 groups,
failed to afford the expected products. In the case of aliphatic
isothiocyanates including benzyl isothiocyanate and propyl
isothiocyanate, the target products were formed in trace
amounts, and the isolation was difficult. To obtain satisfactory
results, some reactions were carried out at a higher
temperature (140 °C), except where noted in Scheme 3.

The structures of all products were characterized by high-
resolution mass spectrometry (HRMS) analysis and NMR
spectroscopy. Moreover, the structure of 3f was undeniably
confirmed by X-ray crystallographic analysis (Figure 3). It is

noteworthy that there are two possible E and Z diastereomeric
structures for 3. To our delight, the transformations exhibited
excellent diastereoselectivity and exclusively generated the E-
isomers (according to NMR and X-ray results as well as
experimental observations).

On the basis of the above results and relevant studies, a
possible mechanism for the formation of 3 is proposed
(Scheme 4). This process could be initiated by the formation

of DABCO-sulfur adduct A. Next, the nucleophilic attack of A
to isothiocyanate 2 would lead to the zwitterion dithiocarba-
mate intermediate B. Subsequent nucleophilic addition of the
intermediate B to alkylidene rhodanine 1 followed by
elimination of Sn and cyclization would generate the spiro
intermediate C. Finally, DABCO-catalyzed liberation of a CS2
molecule from C would provide 3.

■ CONCLUSIONS
In summary, a versatile sulfur- and DABCO-promoted reaction
of available alkylidene rhodanines with isothiocyanates under
simple heating conditions has been disclosed, yielding a series
of novel aminoalkylidene rhodanine derivatives in synthetically
useful yields.

The new C−N bond of the product is efficiently formed
between the β-carbon of the alkylidene rhodanine and the
nitrogen atom of the isothiocyanate through the sulfurative
annulation/ring-opening by cleavage of a CS2 molecule/
olefination sequence.

Further development of this interesting method, especially in
the case of other heterocyclic-based chalcones, is underway in
our laboratory.

■ EXPERIMENTAL SECTION
General Information. All reactions were monitored by

thin-layer chromatography (TLC) on Merck silica gel 60 F254
plates. The temperatures were monitored using a mercury
laboratory thermometer. Column chromatography purification
was carried out on silica gel (63−200-mesh ASTM). Melting
points were measured on an Electrothermal 9100 apparatus.
1H NMR (600 MHz) and 13C{1H} NMR (150 MHz) spectra
were obtained using a Bruker spectrometer. NMR spectra were
recorded at rt in CDCl3. Chemical shifts are reported in parts
per million (δ) downfield from an internal tetramethylsilane
(TMS) reference. Coupling constants (J values) are reported
in hertz (Hz), and standard abbreviations were used to indicate
spin multiplicities (s, singlet; d, doublet; t, triplet; q, quartet;
sext, sextet; br, broad; m multiplet). High-resolution mass
spectra (HRMS) were obtained on an Agilent HRMS-ESI/
QTOF instrument. All chemicals and solvents were used
without further purification, purchased from Merck or Aldrich.
Starting materials were synthesized according to the
procedures reported in the literature.13,14 Single crystals of
compound 3f were formed in the mixture of CH2Cl2 and n-
hexane (1:1 v/v).

General Procedure for Preparation of 3a−j. DABCO
(1.0 mmol, 112 mg) and elemental sulfur powder (4 mmol,
128 mg) were added to a solution of alkylidene rhodanine 1
(1.0 mmol) and isothiocyanate 2 (1.5 mmol) in DMF (3.0
mL). The reaction mixture was magnetically stirred at 120 °C
in an oil bath. The final reaction mixture was concentrated
under reduced pressure, and the residue was purified by
column chromatography on silica gel using n-hexane/EtOAc
(9:1 v/v) as the eluent. (Exceptionally, derivatives 3b and 3j
were formed at 140 °C.)
(E)-3-Benzyl-5-(phenyl(phenylamino)methylene)-2-thio-

xothiazolidin-4-one (3a). The reaction mixture was purified
by column chromatography using n-hexane/EtOAc (9:1 v/v)
as the eluent to afford the product as a pale-yellow solid (297
mg, 74% yield), mp 168−170 °C. 1H NMR (600 MHz,
CDCl3) δ 11.27 (1H, s, NH), 7.52 (d, 2H, J = 7.3 Hz), 7.42 (t,
1H, J = 7.3 Hz), 7.37 (t, 2H, J = 7.8 Hz), 7.33−7.25 (m, 5H),

Figure 3. Oak ridge thermal ellipsoid plot (ORTEP) of the crystal
structure of 3f. One of the two molecules in the asymmetric unit is
present. Thermal ellipsoids are at the 30% probability level. CCDC
No. 2330745.
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7.09 (t, 2H, J = 7.6 Hz), 6.99 (t, 1H, J = 7.3 Hz), 6.70 (d, 2H, J
= 7.9 Hz), 5.33 (s, 2H). 13C{1H} NMR (150 MHz, CDCl3) δ
191.6, 167.3, 153.0, 138.0, 135.5, 132.7, 130.9, 129.2, 129.0,
128.7, 128.4, 128.3, 127.8, 125.0, 122.9, 96.6, 47.2. HRMS
(ESI-TOF) m/z: [M + H]+ calcd for C23H19N2OS2 403.0933;
found 403.0930.
(E)-3-Benzyl-5-((phenylamino)(p-tolyl)methylene)-2-thio-

xothiazolidin-4-one (3b). The reaction mixture was purified
by column chromatography using n-hexane/EtOAc (9:1 v/v)
as the eluent to afford the product as a pale-yellow solid (320
mg, 77% yield), mp 129−131 °C. 1H NMR (600 MHz,
CDCl3) δ 11.25 (s, 1H, NH), 7.51 (d, 2H, J = 7.3 Hz), 7.31 (t,
2H, J = 7.2 Hz), 7.26 (t, 1H, J = 7.3 Hz), 7.19−7.15 (m, 4H),
7.10 (t, 2H, J = 7.8 Hz), 7.00 (t, 1H, J = 7.5 Hz), 6.71 (d, 2H, J
= 7.8), 5.33 (s, 2H), 2.35 (s, 3H). 13C{1H} NMR (150 MHz,
CDCl3) δ 191.6, 167.2, 153.3, 141.4, 138.1, 135.5, 129.9,
129.7, 128.9, 128.7, 128.4, 128.2, 127.8, 124.9, 122.9, 96.5,
47.2, 21.5. HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C24H21N2OS2 417.1090; found 417.1093.
(E)-3-Benzyl-5-((4-chlorophenyl)(phenylamino)-

methylene)-2-thioxothiazolidin-4-one (3c). The reaction
mixture was purified by column chromatography using n-
hexane/EtOAc (9:1 v/v) as the eluent to afford the product as
a pale-yellow solid (314 mg, 72% yield), mp 164−166 °C. 1H
NMR (600 MHz, CDCl3) δ 11.22 (1H, s, NH), 7.51 (d, 2H, J
= 7.2 Hz), 7.35 (d, 2H, J = 8.5 Hz), 7.32 (t, 2H, J = 7.2 Hz),
7.27 (t, 1H, J = 7.2 Hz), 7.24 (d, 2H, J = 8.4 Hz), 7.13 (t, 2H, J
= 7.8 Hz), 7.03 (t, 1H, J = 7.5 Hz), 6.71 (d, 2H, J = 7.8 Hz),
5.32 (s, 2H). 13C{1H} NMR (150 MHz, CDCl3) δ 191.3,
167.3, 151.5, 137.8, 137.1, 135.4, 131.8, 129.8, 129.6, 129.1,
128.8, 128.5, 127.9, 125.3, 123.1, 96.8, 47.2. HRMS (ESI-
TOF) m/z: [M + H]+ calcd for C23H18ClN2OS2 437.0544;
found 437.0496.
(E)-3-Benzyl-5-((4-nitrophenyl)(phenylamino)methylene)-

2-thioxothiazolidin-4-one (3d). The reaction mixture was
purified by column chromatography using n-hexane/EtOAc
(9:1 v/v) as the eluent to afford the product as a pale-orange
solid (299 mg, 67% yield), mp 194−196 °C. 1H NMR (600

MHz, CDCl3) δ 11.21 (s, 1H, NH), 8.22 (d, 2H, J = 8.7 Hz),
7.52−7.50 (m, 4H), 7.32 (t, 2H, J = 7.2 Hz), 7.28 (t, 1H, J =
7.2 Hz), 7.13 (t, 2H, J = 7.8 Hz), 7.04 (t, 1H, J = 7.3 Hz), 6.70
(d, 2H, J = 7.8 Hz), 5.32 (s, 2H). 13C{1H} NMR (150 MHz,
CDCl3) δ 191.0, 167.5, 149.6, 148.7, 138.9, 137.4, 135.2,
129.7, 129.3, 128.8, 128.5, 128.0, 125.7, 124.4, 123.3, 97.4,
47.3. HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C23H18N3O3S2 448.0784; found 448.0742.
(E)-3-Allyl-5-(phenyl(phenylamino)methylene)-2-thioxo-

thiazolidin-4-one (3e). The reaction mixture was purified by
column chromatography using n-hexane/EtOAc (9:1 v/v) as
the eluent to afford the product as a pale-yellow solid (267 mg,
76% yield), mp 143−145 °C. 1H NMR (600 MHz, CDCl3) δ
11.30 (s, 1H, NH), 7.43 (t, 1H, J = 7.5 Hz), 7.37 (t, 2H, J =
7.8 Hz,), 7.31 (d, 2H, J = 7.2 Hz), 7.10 (t, 2H, J = 7.8 Hz,),
7.00 (t, 1H, J = 7.5 Hz), 6.71 (d, 2H, J = 7.8 Hz), 5.95−5.89
(m, 1H), 5.30 (dd, 1H, J = 17.1 Hz, J = 1.2 Hz), 5.25 (dd, 1H,
J = 10.2 Hz, J = 1.0 Hz), 4.75 (d, 2H, J = 5.7 Hz).13C{1H}
NMR (150 MHz, CDCl3) δ 191.3, 167.1, 153.0, 138.0, 132.7,
130.9, 130.2, 129.2, 129.0, 128.3, 125.0, 122.9, 118.6, 96.7,
46.0. HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C19H17N2OS2 353.0777; found 353.0778.
(E)-5-(Phenyl(phenylamino)methylene)-3-propyl-2-thio-

xothiazolidin-4-one (3f). The reaction mixture was purified by
column chromatography using n-hexane/EtOAc (9:1 v/v) as
the eluent to afford the product as a pale-orange solid (276 mg,
78% yield), mp 146−148 °C. 1H NMR (600 MHz, CDCl3) δ
11.33 (s, 1H, NH), 7.42 (t, 1H, J = 7.4 Hz), 7.37 (t, 2H, J =
7.8 Hz), 7.30 (d, 2H, J = 7.2 Hz), 7.10 (t, 2H, J = 7.8 Hz), 7.00
(t, 1H, J = 7.4 Hz), 6.71 (d, 2H, J = 7.8 Hz), 4.08 (t, 2H, J =
7.6 Hz), 1.77 (sext, 2H, J = 7.6 Hz), 0.98 (t, 3H, J = 7.4 Hz).
13C{1H} NMR (150 MHz, CDCl3) δ 191.6, 167.5, 152.7,
138.1, 132.8, 130.8, 129.2, 129.0, 128.3, 124.9, 122.8, 96.9,
45.7, 20.4, 11.3. HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C19H19N2OS2 355.0933; found 355.0935.
(E)-3-Benzyl-5-(phenyl(p-tolylamino)methylene)-2-thio-

xothiazolidin-4-one (3g). The reaction mixture was purified

Scheme 4. Plausible Reaction Mechanism
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by column chromatography using n-hexane/EtOAc (9:1 v/v)
as the eluent to afford the product as a pale-yellow solid (303
mg, 73% yield), mp 180−182 °C. 1H NMR (600 MHz,
CDCl3) δ 11.25 (s, 1H, NH), 7.52 (d, 2H, J = 7.3 Hz), 7.41 (t,
1H, J = 7.4 Hz), 7.36 (t, 2H, J = 7.8 Hz), 7.32 (t, 2H, J = 7.2),
7.28 (d, 2H, J = 7.2), 7.26 (t, 1H, J = 7.4 Hz), 6.89 (d, 2H, J =
8.3 Hz), 6.59 (d, 2H, J = 8.3 Hz), 5.33 (s, 2H), 2.20 (s, 3H).
13C{1H} NMR (150 MHz, CDCl3) δ 191.5, 167.2, 153.3,
135.6, 135.3, 135.0, 132.8, 130.8, 129.5, 129.2, 128.7, 128.4,
128.3, 127.8, 123.0, 96.0, 47.2, 20.8. HRMS (ESI-TOF) m/z:
[M + H]+ calcd for C24H21N2OS2 417.1090; found 417.1097.
(E)-3-Benzyl-5-(((4-ethoxyphenyl)amino)(p-tolyl)-

methylene)-2-thioxothiazolidin-4-one (3h). The reaction
mixture was purified by column chromatography using n-
hexane/EtOAc (9:1 v/v) as the eluent to afford the product as
a pale-yellow solid (321 mg, 72% yield), mp 148−150 °C. 1H
NMR (600 MHz, CDCl3) δ 11.22 (s, 1H, NH), 7.52 (d, 2H, J
= 7.4 Hz), 7.39 (t, 1H, J = 7.4 Hz), 7.34 (t, 2H, J = 7.6 Hz),
7.32 (t, 2H, J = 7.6 Hz), 7.27−7.25 (m, 3H), 6.65 (d, 2H, J =
8.9 Hz), 6.61 (d, 2H, J = 8.9 Hz), 5.33 (s, 2H), 3.89 (q, 2H, J =
7.0 Hz), 1.33 (3H, t, J = 7.0 Hz). 13C{1H} NMR (150 MHz,
CDCl3) δ 191.4, 167.1, 156.5, 153.8, 135.6, 132.7, 130.7,
129.1, 128.7, 128.4, 128.3, 127.8, 124.8, 114.7, 95.4, 63.6, 47.2,
14.7. HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C25H23N2O2S2 447.1195; found 447.1197.
(E)-3-Benzyl-5-(((4-fluorophenyl)amino)(phenyl)-

methylene)-2-thioxothiazolidin-4-one (3i). The reaction
mixture was purified by column chromatography using n-
hexane/EtOAc (9:1 v/v) as the eluent to afford the product as
a pale-yellow solid (289 mg, 69% yield), mp 162−164 °C. 1H
NMR (600 MHz, CDCl3) δ 11.20 (s, 1H, NH), 7.52 (d, 2H, J
= 7.4 Hz), 7.42 (t, 1H, J = 7.4 Hz), 7.37 (t, 2H, J = 7.7 Hz),
7.32 (t, 2H, J = 7.2 Hz), 7.28−7.26 (m, 3H), 6.80 (t, 2H, J =
8.5), 6.70−6.68 (m, 2H), 5.33 (s, 2H). 13C{1H} NMR (150
MHz, CDCl3) δ 191.6, 167.4, 159.9 (d, Cipso-F, J = 244.0 Hz),
153.1, 135.5, 134.1 (d, Cipso-NH, J = 3.2 Hz), 132.4, 130.9,
129.3, 128.8, 128.5, 128.3, 127.8, 124.9 (d, 2CH, J = 8.2 Hz),
115.9 (d, 2CH, J = 22.9 Hz), 96.5, 47.2. HRMS (ESI-TOF)
m/z: [M + H]+ calcd for C23H18FN2OS2 421.0839; found
421.0839.
(E)-3-Benzyl-5-(((4-bromophenyl)amino)(p-tolyl)-

methylene)-2-thioxothiazolidin-4-one (3j). The reaction
mixture was purified by column chromatography using n-
hexane/EtOAc (9:1 v/v) as the eluent to afford the product as
a pale-yellow solid (345 mg, 70% yield), mp 203−205 °C. 1H
NMR (600 MHz, CDCl3) δ 11.22 (s, 1H), 7.55 (d, 2H, J = 7.0
Hz), 7.38−7.30 (m, 3H), 7.26 (d, 2H, J = 7.7 Hz), 7.23−7.19
(m, 4H), 6.61 (d, 2H, J = 7.2 Hz), 5.36 (s, 2H), 2.41 (s, 3H).
13C{1H} NMR (150 MHz, CDCl3) δ 191.7, 167.4, 152.5,
141.6, 137.4, 135.5, 132.0, 130.1, 129.4, 128.7, 128.5, 128.2,
127.8, 124.2, 118.0, 97.4, 47.2, 21.5. HRMS (ESI-TOF) m/z:
[M + H]+ calcd for C24H20BrN2OS2 495.0195; found
495.0193.

■ ASSOCIATED CONTENT
Data Availability Statement
The data and spectra underlying this study are available in the
published article and its Supporting Information.
*sı Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acsomega.4c03341.

Crystallographic data (CIF)

Copies of 1H and 13C{1H} NMR spectra for all products
and X-ray structure for the compound 3f and crystal
structure description of 3f (PDF)

■ AUTHOR INFORMATION
Corresponding Author

Morteza Shiri − Department of Organic Chemistry, Faculty of
Chemistry, Alzahra University, Tehran 1993893973, Iran;
orcid.org/0000-0003-2908-3471; Email: mshiri@

alzahra.ac.ir

Authors
Behnaz Farajpour − Department of Organic Chemistry,
Faculty of Chemistry, Alzahra University, Tehran
1993893973, Iran

Gul Bahar Alizadeh − Department of Organic Chemistry,
Faculty of Chemistry, Alzahra University, Tehran
1993893973, Iran

Soma Majedi − Medical Analysis Department, Applied Science
Faculty, Tishk International University, Kurdistan Region
46001, Iraq; orcid.org/0000-0001-6942-6761

Fatemeh Moradkhani − Department of Medicinal Chemistry,
Faculty of Pharmacy and Pharmaceutical Sciences Research
Center, Tehran University of Medical Sciences, Tehran P94V
+8MF, Iran

Serveh Majedi − Department of Chemistry, Payame Noor
University, Tehran RG23+F4X, Iran

Behrouz Notash − Department of Inorganic Chemistry,
Shahid Beheshti University, Tehran 1983969411, Iran;
orcid.org/0000-0003-4873-5770

Benyamin Hosseindoust − Department of Organic
Chemistry, Faculty of Chemistry, Alzahra University, Tehran
1993893973, Iran

Complete contact information is available at:
https://pubs.acs.org/10.1021/acsomega.4c03341

Notes
The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
The authors thank Alzahra University and the Iran National
Science Foundation (No. 4013533) for financial support.

■ REFERENCES
(1) (a) Van der Schyf, C. J.; Geldenhuys, W. J. Polycyclic

Compounds: Ideal Drug Scaffolds for the Design of Multiple
Mechanism Drugs? Neurotherapeutics 2009, 6, 175. (b) Shiri, M.
Indoles in Multicomponent Processes (MCPs). Chem. Rev. 2012, 112,
3508. (c) Takikawa, H.; Nishii, A.; Sakai, T.; Suzuki, K. Aryne-Based
Strategy in the Total Synthesis of Naturally Occurring Polycyclic
Compounds. Chem. Soc. Rev. 2018, 47, 8030. (d) Ibarra, I. A.; Islas-
Jacome, A.; Gonzalez-Zamora, E. Synthesis of Polyheterocycles via
Multicomponent Reactions. Org. Biomol. Chem. 2018, 16, 1402.
(e) Shiri, M.; Farajinia-Lehi, N.; Salehi, P.; Tanbakouchian, Z.
Transition Metal and Inner Transition Metal Catalyzed Amide
Derivatives Formation through Isocyanide Chemistry. Synthesis 2020,
52, 3162. (f) Farajpour, B.; Alizadeh, A. Recent Advances in the
Synthesis of Cyclic Compounds Using α,α-Dicyanoolefins as Versatile
Vinylogous Nucleophiles. Org. Biomol. Chem. 2022, 20, 8366.
(2) (a) Toumi, A.; Boudriga, S.; Hamden, K.; Sobeh, M.; Cheurfa,

M.; Askri, M.; Knorre, M.; Strohmann, C.; Brieger, L. Synthesis,
Antidiabetic Activity and Molecular Docking Study of Rhodaninesub-
stitued Spirooxindole pyrrolidine Derivatives as Novel α-Amylase
inhibitors. Bioorg. Chem. 2021, 106, No. 104507. (b) Rostamnia, S.;

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.4c03341
ACS Omega 2024, 9, 26607−26615

26613

https://pubs.acs.org/doi/10.1021/acsomega.4c03341?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acsomega.4c03341/suppl_file/ao4c03341_si_001.cif
https://pubs.acs.org/doi/suppl/10.1021/acsomega.4c03341/suppl_file/ao4c03341_si_002.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Morteza+Shiri"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-2908-3471
https://orcid.org/0000-0003-2908-3471
mailto:mshiri@alzahra.ac.ir
mailto:mshiri@alzahra.ac.ir
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Behnaz+Farajpour"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Gul+Bahar+Alizadeh"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Soma+Majedi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-6942-6761
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Fatemeh+Moradkhani"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Serveh+Majedi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Behrouz+Notash"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-4873-5770
https://orcid.org/0000-0003-4873-5770
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Benyamin+Hosseindoust"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c03341?ref=pdf
https://doi.org/10.1016/j.nurt.2008.10.037
https://doi.org/10.1016/j.nurt.2008.10.037
https://doi.org/10.1016/j.nurt.2008.10.037
https://doi.org/10.1021/cr2003954?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C8CS00350E
https://doi.org/10.1039/C8CS00350E
https://doi.org/10.1039/C8CS00350E
https://doi.org/10.1039/C7OB02305G
https://doi.org/10.1039/C7OB02305G
https://doi.org/10.1055/s-0040-1707357
https://doi.org/10.1055/s-0040-1707357
https://doi.org/10.1039/D2OB01551J
https://doi.org/10.1039/D2OB01551J
https://doi.org/10.1039/D2OB01551J
https://doi.org/10.1016/j.bioorg.2020.104507
https://doi.org/10.1016/j.bioorg.2020.104507
https://doi.org/10.1016/j.bioorg.2020.104507
https://doi.org/10.1016/j.bioorg.2020.104507
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c03341?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Lamei, K. A Rapid, Catalyst-Free, Three-Component Synthesis of
Rhodanines in Water Using Ultrasound. Synthesis 2011, 2011, 3080.
(c) Alizadeh, A.; Rostamnia, S.; Zohreh, N.; Hosseinpour, R. A
Simple and Effective Approach to the Synthesis of Rhodanine
Derivatives via Three-Component Reactions in Water. Tetrahedron
Lett. 2009, 50, 1533.
(3) (a) Liang, Y.; Tang, M.-L.; Huo, Z.; Zhang, C.; Sun, X. A

Concise Approach to N-Substituted Rhodanines through a Base-
Assisted One-Pot Coupling and Cyclization Process. Molecules 2020,
25, 1138. (b) Ji, D. S.; Luo, Y. C.; Hu, X. Q.; Xu, P. F.
Enantioselective Synthesis of Spirorhodanine-Pyran Derivatives via
Organocatalytic [3 + 3] Annulation Reactions between Pyrazolones
and Rhodanine-Derived Ketoesters. Org. Lett. 2020, 22, 1028.
(4) (a) Mishra, A.; Fischer, M. K.; Bauerle, P. Metal-free Organic

Dyes for Dye-sensitized Solar Cells: from Structure: Property
Relationships to Design Rules. Angew. Chem., Int. Ed. 2009, 48,
2474. (b) Bhuiyan, M. D. H.; Teshome, A.; Gainsford, G. J.; Ashraf,
M.; Clays, K.; Asselberghs, I.; Kay, A. J. Synthesis, Characterization,
Linear and Non-linear Optical (NLO) Properties of Some Schiff’s
bases. Opt. Mater. 2010, 32, 669.
(5) (a) Yu, F.; Hu, H.; Gu, X.; Ye, J. Asymmetric Michael Addition

of Substituted Rhodanines to α, β-Unsaturated Ketones Catalyzed by
Bulky Primary Amines. Org. Lett. 2012, 14, 2038. (b) Huang, Q.;
Zhang, L.; Cheng, Y.; Li, P.; Li, W. Enantioselective Construction of
Vicinal Sulfur-containing Tetrasubstituted Stereocenters via Organo-
catalyzed Mannich-Type Addition of Rhodanines to Isatin Imines.
Adv. Synth. Catal. 2018, 360, 3266. (c) Lin, W.; Zhang, C.; Xu, W.;
Cheng, Y.; Li, P.; Li, W. Organocatalytic Asymmetric Michael
Addition of Rhodanines to Azadienes for Assembling of Sulfur-
containing Tetrasubstituted Carbon Stereocenters. Adv. Synth. Catal.
2019, 361, 476.
(6) (a) Chen, Y.; Sun, P.; Li, T.; Zou, Y.; Huang, Y.; Shen, Y.

Enantioselective Michael Addition of 3-ethyl Carboxylate Substituted
Pyrazolones to 5-alkenyl Thiazolones Catalyzed by Squaramide
Organocatalyst. Tetrahedron Lett. 2018, 59, 2399. (b) Yavari, I.;
Taheri, Z.; Naeimabadi, M.; Bahemmat, S.; Halvagar, M. A
convenient synthesis of tetrasubstituted pyrazoles from nitrile imines
and 2-(thioxothiazolidin-5-ylidene) acetates. Synlett 2018, 29, 918−
921.
(7) Alizadeh, A.; Farajpour, B.; Knedel, T.-O.; Janiak, C. Synthesis of

Substituted Phthalimides via Ultrasound-Promoted One-Pot Multi-
component Reaction. J. Org. Chem. 2021, 86, 574.
(8) Wu, W.; Huang, H.; Yuan, X.; Zhu, K.; Ye, J. Asymmetric

construction of spirocyclohexanonerhodanines catalyzed by simple
diamine derived from chiral tert-leucine. Chem. Commun. 2012, 48,
9180.
(9) Yavari, I.; Sheikhi, S.; Taheri, Z.; Halvagar, M. R. A

Diastereoselective Synthesis of Functionalized Spiropyrrolizidine-
Linked Rhodanines. Monatsh. Chem. 2019, 150, 1825.
(10) (a) Shiri, M.; Farajpour, B.; Bozorgpour-Savadjani, Z.; Shintre,

S. A.; Koorbanally, N. A.; Kruger, H. G.; Notash, B. Transition-Metal
Free Highly Selective Aerobic Oxidation of Hindered 2-Alkylindoles.
Tetrahedron 2015, 71, 5531. (b) Shiri, M.; Faghihi, Z.; Oskouei, H.
A.; Heravi, M. M.; Fazelzadeh, S.; Notashb, B. The Synthesis of
Iminothiophenone-Fused Quinolines and Evaluation of Their
Serendipitous Reactions. Rsc Adv. 2016, 6, 92235. (c) Shiri, M.;
Ranjbar, M.; Yasaei, Z.; Zamanian, F.; Notash, B. Palladium-Catalyzed
Tandem Reaction of 2-Chloroquinoline-3-carbaldehydes and Iso-
cyanides. Org. Biomol. Chem. 2017, 15, 10073. (d) Alizadeh, A.;
Farajpour, B.; Ashjaee Asalemi, K. A.; Taghipour, S. Diastereoselective
Synthesis of Coumarin-Based Fused Heterocycles via Intramolecular
Diels-Alder and 1,3-Dipolar Cycloaddition Reactions. ChemistrySelect
2020, 5, 9834. (e) Shiri, M.; Gholami-Koupaei, Z.; Bandehali-Naeini,
F.; Tonekaboni, M.-S.; Soheil-Moghaddam, S.; Ebrahimi, D.; Karami,
S.; Notash, B. Highly Selective Synthesis of α-Hydroxy, α-Oxy, and α-
Oxo Amides by a Post-Passerini Condensation Transformation.
Synthesis 2020, 52, 3243. (f) Salehi, P.; Tanbakouchian, Z.; Farajinia-
Lehi, N.; Shiri, M. Cascade Synthesis of 2,4-Disulfonylpyrroles by the
Sulfonylation/[2+ 3]-Cycloaddition Reactions of gem-Dibromoal-

kenes with Arylsulfonyl Methyl Isocyanides. RSC Adv. 2021, 11,
13292. (g) Farajpour, B.; Alizadeh, A. Base-Promoted Reaction of 4-
Chloro-3-vinyl Coumarins, Phenacylpyridinium Bromides, and
Elemental Sulfur: A Designed Approach to Thiopyrano[4,3-c]-
chromen-5(1H) ones. J. Org. Chem. 2022, 87, 13837. (h) Shiri, M.;
Pourabed, R.; Zadsirjan, V.; Sodagar, E. Highly selective organo-
catalytic three-component reaction of 2-chloroquinoline-3-carbalde-
hydes, 6-aminouracils, and cyclic methylene active compounds.
Tetrahedron Lett. 2016, 57 (49), 5435. (i) Shiri, M.; Zolfigol, M.
A.; Ayazi-Nasrabadi, R. AlCl3 as a powerful catalyst for the one-pot
preparation of 1,1,3-triheteroaryl compounds. Tetrahedron Lett. 2010,
51, 264. (j) Bandehali-Naeini, F.; Tanbakouchian, Z.; Farajinia-Lehi,
N.; Mayer, N.; Shiri, M.; Breugst, M. Two distinct protocols for the
synthesis of unsymmetrical 3,4-disubstituted maleimides based on
transition-metal catalysts. Org. Biomol. Chem. 2024, 22, 380.
(k) Farajpour, B.; Heydarzadeh, R.; Hussain, F. H. S.; Notash, B.;
Mirzaei, P.; Shiri, M. Three-Component Reaction between 3-
Acetylcoumarins, Amines, and Elemental Sulfur: A Designed
Approach to 3-Amino-4H-thieno[3,2-c]coumarins. J. Org. Chem.
2024, 89, 4375.
(11) (a) Nguyen, T. B.; Pasturaud, K.; Ermolenko, L.; Al-Mourabit,

A. Concise Access to 2-Aroylbenzothiazoles by Redox Condensation
Reaction between o-Halonitrobenzenes, Acetophenones, and Ele-
mental Sulfur. Org. Lett. 2015, 17, 2562. (b) Nguyen, L. A.; Nguyen,
T. T. T.; Ngo, Q. A.; Nguyen, T. B. Fe/S-Catalyzed Synthesis of 2-
Benzoylbenzoxazoles and 2-Quinolylbenzoxazoles via Redox Con-
densation of o-Nitrophenols with Acetophenones and Methylquino-
lines. Org. Biomol. Chem. 2021, 19, 6015. (c) Nguyen, L. A.; Nguyen,
T. T. T.; Ngo, Q. A.; Nguyen, T. B. Sulfur-Catalyzed Oxidative
Condensation of Aryl Alkyl Ketones with o-Phenylenediamines:
Access to Quinoxalines. Adv. Synth. Catal. 2022, 364, 2748.
(d) Nguyen, T. B.; Retailleau, P. Direct Access to Thieno[3,4-
b]thiophenes via Elemental Sulfur-Promoted Sulfurative Tetrameriza-
tion of Acetophenones. Chem. Commun. 2022, 58, 13333. (e) Nguyen,
T. B.; Mac, D. H.; Tran, T. M. C.; Nguyen, N. B.; Cao, H. T. Base-
Catalyzed Multicomponent Access to Quinoxalin-2-thiones from o-
Phenylenediamines, Aryl Ketones and Sulfur. Org. Biomol. Chem.
2022, 20, 7226. (f) Nguyen, T. B.; Retailleau, P. Sulfurative Self-
Condensation of Ketones and Elemental Sulfur: A Three-Component
Access to Thiophenes Catalyzed by Aniline Acid-Base Conjugate
Pairs. Green Chem. 2018, 20, 387. (g) Nguyen, H. Y.; Tran, T. M. C.;
Nguyen, V. H.; Retailleau, P.; Mac, D. H.; Nguyen, T. B. Reaction of
1-Acetonaphthones with Anilines and Elemental Sulfur: Rapid
Construction of 1-Anilinonaphtho[2,1-b]thiophenes. Org. Biomol.
Chem. 2023, 21, 503. (h) Nguyen, T. B. Recent Advances in Organic
Reactions Involving Elemental Sulfur. Adv. Synth. Catal. 2017, 359,
1066. (i) Nguyen, L. A.; Phaenok, S.; Le, D. L.; Nguyen, T. T. T.;
Ngo, Q. A.; Nguyen, T. B. Fe/S-Catalyzed Redox Condensation of o-
Nitrophenols with Isothiocyanates to 2-aminobenzoxazoles. Org. Lett.
2023, 25 (27), 5145. (j) Nguyen, T. B. Elemental Sulfur and
Molecular Iodine as Efficient Tools for Carbon-Nitrogen Bond
Formation through Redox Reactions. Asian J. Org. Chem. 2017, 6,
477. (k) Nguyen, T. B.; Retailleau, P. DABCO-Catalyzed Reaction of
2-Naphthols with Aryl Isothiocyanates: Access to 2-Iminonaphtho-
1,3-oxathioles. Org. Lett. 2022, 24, 6676.
(12) Nguyen, T. B.; Retailleau, P. Base-Catalyzed Three-Component

Reaction between Chalcones, Isothiocyanates, and Sulfur: Access to
Thiazole-2-thiones. Org. Lett. 2021, 23, 5344.
(13) Roosta, A.; Alizadeh, A.; Rezaiyehraad, R.; Khanpour, M.

Efficient and Chemoselective Procedure for Conversion of Rhodanine
Derivatives into 1,3-Thiazolidine-2,4-diones via 1,3-Dipolar Cyclo-
addition Reaction and Rearrangement Sequences. ChemistrySelect
2020, 5, 12531.
(14) Nath, J.; Ghosh, H.; Yella, R.; Patel, B. K. Molecular Iodine

Mediated Preparation of Isothiocyanates from Dithiocarbamic Acid
Salts. Eur. J. Org. Chem. 2009, 2009, 1849.
(15) Attanasi, O. A.; Crescentini, L. D.; Favi, G.; Filippone, P.;

Giorgi, G.; Mantellini, F.; Moscatelli, G.; Behalo, M. S. An Efficient

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.4c03341
ACS Omega 2024, 9, 26607−26615

26614

https://doi.org/10.1055/s-0030-1260158
https://doi.org/10.1055/s-0030-1260158
https://doi.org/10.1016/j.tetlet.2008.12.107
https://doi.org/10.1016/j.tetlet.2008.12.107
https://doi.org/10.1016/j.tetlet.2008.12.107
https://doi.org/10.3390/molecules25051138
https://doi.org/10.3390/molecules25051138
https://doi.org/10.3390/molecules25051138
https://doi.org/10.1021/acs.orglett.9b04571?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.9b04571?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.9b04571?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.200804709
https://doi.org/10.1002/anie.200804709
https://doi.org/10.1002/anie.200804709
https://doi.org/10.1016/j.optmat.2009.07.002
https://doi.org/10.1016/j.optmat.2009.07.002
https://doi.org/10.1016/j.optmat.2009.07.002
https://doi.org/10.1021/ol300489q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol300489q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol300489q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/adsc.201800642
https://doi.org/10.1002/adsc.201800642
https://doi.org/10.1002/adsc.201800642
https://doi.org/10.1002/adsc.201801422
https://doi.org/10.1002/adsc.201801422
https://doi.org/10.1002/adsc.201801422
https://doi.org/10.1016/j.tetlet.2018.04.083
https://doi.org/10.1016/j.tetlet.2018.04.083
https://doi.org/10.1016/j.tetlet.2018.04.083
https://doi.org/10.1055/s-0036-1591921
https://doi.org/10.1055/s-0036-1591921
https://doi.org/10.1055/s-0036-1591921
https://doi.org/10.1021/acs.joc.0c02245?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.0c02245?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.0c02245?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/c2cc34321e
https://doi.org/10.1039/c2cc34321e
https://doi.org/10.1039/c2cc34321e
https://doi.org/10.1007/s00706-019-02485-5
https://doi.org/10.1007/s00706-019-02485-5
https://doi.org/10.1007/s00706-019-02485-5
https://doi.org/10.1016/j.tet.2015.06.065
https://doi.org/10.1016/j.tet.2015.06.065
https://doi.org/10.1039/C6RA11469E
https://doi.org/10.1039/C6RA11469E
https://doi.org/10.1039/C6RA11469E
https://doi.org/10.1039/C7OB02043K
https://doi.org/10.1039/C7OB02043K
https://doi.org/10.1039/C7OB02043K
https://doi.org/10.1002/slct.202002747
https://doi.org/10.1002/slct.202002747
https://doi.org/10.1002/slct.202002747
https://doi.org/10.1055/s-0040-1707132
https://doi.org/10.1055/s-0040-1707132
https://doi.org/10.1039/D0RA10451E
https://doi.org/10.1039/D0RA10451E
https://doi.org/10.1039/D0RA10451E
https://doi.org/10.1021/acs.joc.2c01542?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.2c01542?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.2c01542?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.2c01542?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.tetlet.2016.10.057
https://doi.org/10.1016/j.tetlet.2016.10.057
https://doi.org/10.1016/j.tetlet.2016.10.057
https://doi.org/10.1016/j.tetlet.2009.10.127
https://doi.org/10.1016/j.tetlet.2009.10.127
https://doi.org/10.1039/D3OB01620J
https://doi.org/10.1039/D3OB01620J
https://doi.org/10.1039/D3OB01620J
https://doi.org/10.1021/acs.joc.3c02406?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.3c02406?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.3c02406?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.5b01182?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.5b01182?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.5b01182?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D1OB00976A
https://doi.org/10.1039/D1OB00976A
https://doi.org/10.1039/D1OB00976A
https://doi.org/10.1039/D1OB00976A
https://doi.org/10.1002/adsc.202200527
https://doi.org/10.1002/adsc.202200527
https://doi.org/10.1002/adsc.202200527
https://doi.org/10.1039/D2CC05539B
https://doi.org/10.1039/D2CC05539B
https://doi.org/10.1039/D2CC05539B
https://doi.org/10.1039/D2OB01343F
https://doi.org/10.1039/D2OB01343F
https://doi.org/10.1039/D2OB01343F
https://doi.org/10.1039/C7GC03437G
https://doi.org/10.1039/C7GC03437G
https://doi.org/10.1039/C7GC03437G
https://doi.org/10.1039/C7GC03437G
https://doi.org/10.1039/D2OB01898E
https://doi.org/10.1039/D2OB01898E
https://doi.org/10.1039/D2OB01898E
https://doi.org/10.1002/adsc.201601329
https://doi.org/10.1002/adsc.201601329
https://doi.org/10.1021/acs.orglett.3c01897?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.3c01897?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/ajoc.201700011
https://doi.org/10.1002/ajoc.201700011
https://doi.org/10.1002/ajoc.201700011
https://doi.org/10.1021/acs.orglett.2c02736?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.2c02736?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.2c02736?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.1c01653?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.1c01653?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.1c01653?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/slct.202003484
https://doi.org/10.1002/slct.202003484
https://doi.org/10.1002/slct.202003484
https://doi.org/10.1002/ejoc.200801270
https://doi.org/10.1002/ejoc.200801270
https://doi.org/10.1002/ejoc.200801270
https://doi.org/10.1021/ol900545v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c03341?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


One-Pot, Three-Component Synthesis of 5-Hydrazinoalkylidene
Rhodanines from 1,2-Diaza-1,3-dienes. Org. Lett. 2009, 11, 2265.
(16) Holota, S.; Kryshchyshyn, A.; Derkach, H.; Trufin, Y.;

Demchuk, I.; Gzella, A.; Grellier, P.; Lesyk, R. Synthesis of 5-
Enamine-4-thiazolidinone Derivatives with Trypanocidal and Anti-
cancer Activity. Bioorg. Chem. 2019, 86, 126.
(17) Gao, D.; Li, A.; Guan, L.; Zhang, X.; Wang, L. Y. Solvent-

Dependent Ratiometric Fluorescent Merocyanine Dyes: Spectral
Properties, Interaction with BSA as Well as Biological Applications.
Dyes Pigm. 2016, 129, 163−173.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.4c03341
ACS Omega 2024, 9, 26607−26615

26615

https://doi.org/10.1021/ol900545v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol900545v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.bioorg.2019.01.045
https://doi.org/10.1016/j.bioorg.2019.01.045
https://doi.org/10.1016/j.bioorg.2019.01.045
https://doi.org/10.1016/j.dyepig.2016.02.020
https://doi.org/10.1016/j.dyepig.2016.02.020
https://doi.org/10.1016/j.dyepig.2016.02.020
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c03341?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

