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Abstract —A series of novel spiro[4.4] and bicycle[3.3.0]-N-substituted
thiazolidine-2-thiones were obtained by a multicomponent reaction under mild
conditions. Each of the synthesized compounds was evaluated for their cytotoxic
activity and antibacterial activity. Some of them exhibited significantly inhibited

proliferation of human tumor cell lines and moderate inhibitory effect on fungi.

A major challenge of modern drug discovery is the design of highly efficient chemical reaction sequences
which provide a maximum of structural complexity and diversity with just a minimum number of
synthetic steps to assemble compounds with interesting properties.! Among organic reactions,
multicomponent reactions (MCRs) are highly convergent.? During a multicomponent reaction, more than
two starting materials are assembled to afford a complex product. Due to atom economy, simplicity and
amenability to automated synthesis, MCRs constitute a superior tool for diversity oriented and
complexity-generating synthesis for drug discovery.?

Heterocyclic structures received special attention as they belong to a class of compounds with proven
utility in medicinal chemistry.* There are numerous biologically active molecules with five-membered
rings, containing two hetero atoms. Thiazolidine-2-thione (Figure 1) is an important scaffold found in
numerous natural products and pharmaceuticals,” and they have been identified as anti-HIV, antimitotic,
anti-cancer and antibiotic agents.® Therefor, their derivatives have been extensively studied. In addition,

they are also versatile auxiliaries in many useful asymmetric organic reactions.”
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Figure 1. Thiazolidine-2-thione

Different approaches have been reported for the preparation of thiazolidine-2-thione unit,® including
B-aminoalkyl hydrogen sulfates with strong bases,” cyclization of 1-isothiocyanato-2-thiocyanate,'
condensation of B-amino alcohols with carbon disulfide,"" especially a simple three-component reaction
involving 1,2-addition of dithiocarbamate intermediates with a ketone.2 Despite these achievements, the
one-pot multicomponent approach which constructs spiro[4.4] and bicycle[3.3.0]-N-substituted

thiazolidine-2-thiones has not been documented to the best of our knowledge.
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Scheme 1. The reaction of y-bromo-a,p-unsaturated esters or ketones with primary amines
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Scheme 2. The reaction of 1 with primary amines and second amines. Reagents and conditions: 1 (1
mmol), CS, (5 mmol), amines (1 mmol), NazPO4-11H,0 (0.6 mmol), acetone (10 mL), rt, 0.5 h.
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Butenolides and butyrolactones are ubiquitious chemical moieties found in many natural products and
synthetic bioactive molecules.”> On the other hand, the conjugate addition of nucleophiles to o,p-
unsaturated carbonyl groups is a very versatile synthetic reaction that successfully yields new
carbon-carbon or carbon-hetero atom bonds.!* Based on our previous work on butenolides™ and the
interest in the discovery of organic compounds with potential biological activity, we herein disclose a
MCR of carbon disulfide, primary amine, y-bromo-a,B-unsaturated ester or ketone giving novel spiro-
[4.4] and bicycle[3.3.0]skeletons constituted by thiazolidine-2-thione in high yields (Scheme 1). The
adducts thus obtained underwent simple chemical transformations'® providing a convenient, efficient, and
practical synthetic approach to a wide range of thiazolidine-2-thiones.

In order to merge fragment of two biologically interesting motifs, initial experiments was designed to
synthesize dithiocarbamates bearing butenolide (7, in Scheme 2) by the reaction of carbon disulfide,
amines and 3-(bromomethyl)-butenolide 1 in the presence of Na;POy-1 IHZO,H aiming to discover some
active lead compounds. Fortunately, a new framework of spirothiazolidine-2-thiones 2a-b was obtained
during the reaction of compound 1 with methylamine or ethylamine (Scheme 2). Notably, no
dithiocarbamate products similar to compounds 7a-b were formed.

The facile construction of spirothiazolidine-2-thiones via this multicomponent reaction and the vantage
point of their potential biological activities aroused our great interest.'® With this method, various primary
amines, including aliphatic amines and aromatic amines used in this reaction, and a series of novel spiro-

[4.4]-N-substituted thiazolidine-2-thiones were synthesized (Table 1).

Table 1. Synthesis of spirothiazolidine-2-thiones
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* All the products were characterized by IR, NMR and mass spectral data. ° Refer to isolated pure products.

However, not all the primary are suitable for this reaction, the electronic properties and the position of
the substitutions on the benzene ring of aniline have significant effect on the reaction, such as anilines
substituted by nitryl or carboxyl could not react. This phenomenon probably resulted from the
decrease of nucleophilicity of the nitrogen atom.

The structures of spiro[4.4]-N-substituted thiazolidine-2-thiones products 2a-j were assigned on the
basis of spectroscopic analysis. In addition, a single-crystal X-ray analysis of 2" further provided the

exclusively solid evidence for the assigned structure (Figure 2).

Figure 2. X-Ray structure of compound 2f

According to the literatures,?’ a possible mechanism for the synthesis of compound 2a-j was postulated.
First, the reaction was initiated with the formation of the dithiocarbamates, which led to
spiro-[4.4]-N-substituted thiazolidine-2-thiones through hetero-Michael cycloaddition. The reaction

process was so smooth that the dithiocarbamate intermediate couldn’t be detected.
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Based on the mechanism proposed above, the substrate scope and generality of this reaction system were
further explored. 4-bromo-3-methylcyclopent-2-enone 3 and 5-bromo-4-methyl butenolide 5 were tested
under the standard reaction conditions (Table 2). Both 3 and 5 reacted with primary amines and carbon
disulfide, affording cis-fused bicyclic thiazolidine-2-thiones 4 and 6 in 70-90% yields. The cis fused-ring
fromation in 4 was supported by their '"H NMR and NOESY analysis. The excellent diastercoselectivity

was attributed to the well-known thermodynamic bias for a cis ring fusion in [3.3.0]bicycles.*:

Table 2. Direct synthesis of bicycle 4 and 6 by the 3-CR
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More important, all of these reactions can complete in half an hour under the condition mentioned above.
Most products could be obtained by recrystallization in chloroform/methanol (1:1). These features has

provided access to chemical libraries and enhanced the work efficiency.
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The inhibitory effects of the above spiro and bicyclo thiazolidine-2-thiones on different human tumors
growth in vitro were examined.”* Some of them showed significantly inhibited proliferation of EC9706,
PC-3, Hela and SPCA-1 cell lines. Especially the compounds 2d (mean ICsy = 18.03 uM, Hela cell) and
4b (mean ICsy = 61.57 uM, SPCA-1 cell). These preliminary results indicated that the newly synthesized
thiazolidine-2-thiones might be used for further development in drug discovery. In addition, their
antibacterial activity was aslo evaluated,” but most of them showed unconspicuous inhibitory activity on
bacterium and moderate inhibitory effect on fungi.

In conclusion, we report a facile construction of spiro[4.4] and bicyclo[3.3.0]thiazolidine-2-thiones by a
MCR. This method provides the basis for the construction of compound libraries and the screening of
lead compounds. Further investigations including scope, biological activity and chiral separation of

various substituted thiazolidine-2-thiones compouds are currently in progress.
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Materials: All Human cancer lines were kindly provided by Laboratory of Cancer Biology, the first
affiliated hospital of Zhengzhou university. All cancer cells were grown in RPMI 1640 medium
supplemented with 10% fetal bovine serum, 2 mm glutamine, 50 units/mL penicillin, and 50mg/mL
streptomycin. Phosphate buffer saline (PBS) could be prepared by dissolving KH;POy,
Na,HPO4 - 12H,0, NaCl, KCl in distilled water.

Method: Exponentially growing cells were seeded into 96-well flat-bottomed plates at a
concentration of 5x10° cells per well. After 24 h incubation at 37 °C, removed the culture medium
and replaced with fresh medium containing the studied compounds in different concentrations to the
wells, and the cells were incubated for another 72 h. Afterwards, 10uL of MTT solution (5mg/mL
in phosphate buffered solution) was added to all wells and incubated for 4 h at 37 °C. During this
period, formazon crystals would be formed at the bottom of each well. Pipetted out the spent media
along with suspension of cultured cells and unconverted MTT, 150 puL of dimethyl sulfoxide
(DMSO) was added to each well and shaked the plates to dissolve the dark blue crystals
(formazan); their absorbance was measured using a spectrophotometric microplate reader at a
wavelength of 490 nm. Each concentration was analyzed in triplicate and the experiment was
repeated three times. The average 50% inhibitory concentration (ICsp) was determined from the
dose-response curves according to the inhibition ratio for each concentration.

In vitro antibacterial activity was studied with broth microdilution method. Staphylococcus aureus,
Escherichia coli, Monilia albican and Aspergillus niger were chose for this study. The minimum

inhibitory concentration (MIC) was measured. All the experiment was carried out in triplicate.


http://dx.doi.org/10.1016/j.bmcl.2005.01.083
http://dx.doi.org/10.1016/j.bmcl.2005.01.083
http://dx.doi.org/10.1016/j.tet.2009.09.003
http://dx.doi.org/10.1021/jo00328a021
http://dx.doi.org/10.1039/b923336a
http://dx.doi.org/10.1039/b923336a
http://dx.doi.org/10.1021/ol100845z
http://dx.doi.org/10.1002/ange.19860980405



