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Figure 1. Resveratrol (3,5,40-trihydroxy-trans-stilbene) (RSV).
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It is well known that resveratrol (RSV) displayed cancer-preventing and anticancer properties but its clin-
ical application is limited because of a low bioavailability and a rapid clearance from the circulation. Aim
of this work was to synthesize pharmacologically active resveratrol analogs with an enhanced structural
rigidity and bioavailability. In particular, we have synthesized a library of 2,3-thiazolidin-4-one deriva-
tives in which a thiazolidinone nucleus connects two aromatic rings. Some of these compounds showed
strong inhibitory effects on breast cancer cell growth. Our results indicate that some of thiazolidin-based
resveratrol derivatives may become a new potent alternative tool for the treatment of human breast
cancer.

� 2013 Elsevier Ltd. All rights reserved.
Epidemiological and current laboratory studies suggest that
consumption of certain types of fruits and vegetables, containing
phytochemicals, is associated with reduced cancer risk.1

Furthermore, it is postulated that dietary phytochemicals can func-
tion as chemopreventive and/or adjuvant chemotherapeutic
agents. One such phytochemical is resveratrol (3,5,40-trihydroxy-
trans-stilbene) (RSV), (Fig. 1) a naturally occurring phytoalexin,
readily available in the diet and a lot of health-promoting effects
have been ascribed to it.

Resveratrol, first identified as a bioactive compound in 1992, is
found in several plants, particularly in the skin of red grapes.2

This compound has elicited much attention in recent years, as a
potential anticancer agent, since its inhibitory effect on carcino-
genic processes (initiation, promotion, and progression) was first
reported in 1997.3 Thereafter extensive studies have verified the
cancer-preventing and anticancer properties of resveratrol in vari-
ous murine models of human cancer, including skin cancer (both
chemically and ultraviolet B-induced), gastric and colorectal can-
cer, lung cancer, breast cancer, ovarian and prostate cancer, hepa-
toma, neuroblastoma, fibrosarcoma, pancreatic cancer, and
leukemia.4 Several studies, using both in vitro and in vivo model
systems, have illustrated resveratrol’s capacity to modulate a mul-
titude of signaling pathways associated with cellular growth and
division, apoptosis, angiogenesis, invasion, and metastasis.5

In particular, it exhibits an action in both hormone-sensitive
and hormone-resistant breast cancer cells and shows cytostatic
activity and determines cell growth arrest; these properties seem
to be related to regulation of xenobiotic carcinogen metabolism
and antiinflammatory, antiproliferative, and pro-apoptotic effects.6

The phytoestrogenic character of RSV was confirmed by its capac-
ity to bind and activate a- and b-estrogen receptors (ERs) regulat-
ing transcription of estrogen-responsive target genes. However,
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Figure 2. Structure of cis-resveratrol (I) and a cis-conformation mimetic of
resveratrol containing an thiazolidin-4-one moiety.
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although a number of studies have been conducted, the effects of
RSV on ERs remain controversial. For example, with MCF-7 cells
Table 1
Library of synthesized 2,3-thiazolidin-4-one (3–14)
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in culture, Gehm et al.7 showed that RSV (3–10 lM) is a superagon-
ist when combined with estradiol (E2), while Lu and Serrero8 re-
ported ER antagonism of RSV (5 lM) in the presence of E2 and
partial agonism in its absence.8 Bowers et al.9 observed partial to
full agonism in CHO-K1 cells transfected with ERa or ERb and re-
porter genes based on various estrogen receptor element (EREs).
The authors showed that RSV (100 lM) acts as a mixed agonist/
antagonist in cells transiently transfected with ER and mediates
higher transcriptional activity when bound to ERb than to ERa.
Moreover, RSV showed antagonist activity with ERa, but not with
ERb.9 Based on these reports, it appears that the ability of RSV to
act as an ER agonist varies between different cell types and dosage.
Resveratrol acts as an estrogen-agonist or antagonist that depends
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Table 1 (continued)

Entry Arylamine Aryl-aldehyde 2,3-Thiazolidin-4-one derivative Yield (%)
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Scheme 1. Synthesis of 2,3-thiazolidin-4-one derivates (3–14).
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upon the relative abundance of ER-a and -b and the cis-regulatory
sequences they target.10 Furthermore, resveratrol was also shown
to inhibit the proliferation of the estrogen-receptor negative hu-
man breast carcinoma cell line, MDA-MB-468, by inhibiting the
levels of autocrine growth stimulators.11

Although the anticancer effects of resveratrol have been dem-
onstrated, its clinical application is limited because of a low bio-
availability and a rapid clearance from the circulation.12 In fact,
in humans, three metabolic pathways have been identified, that
is, sulfate and glucuronic acid conjugation of the phenolic groups
and hydrogenation of the aliphatic double bond, the latter likely
produced by the intestinal microflora.13 Extremely rapid sulfate
conjugation by the intestine/liver appears to be the rate-limiting
step in resveratrol’s bioavailability. Virtually no unconjugated res-
veratrol was detected in urine or serum samples, which could have
implications regarding the significance of in vitro studies that used
only unconjugated resveratrol.

The structural alteration of the stilbene moiety of resveratrol
has been found to be a promising strategy for generation of several
synthetic analogs with improved pharmacokinetic parameters.
Moreover, the structure-activity studies have shown that methoxy
groups added to the trihydroxystilbene scaffold of resveratrol, sig-
nificantly potentiated its cytotoxic activity.14 In view of the signif-
icant biological and anticancer potential of RSV, we considered its
structure as lead compound for the design and synthesis of small
molecules with structural rigidity, enhance bioavailability and
antitumoral activity. Recently, Mayhoub et al.15 described a series
of 2,3-thiadiazol analogs of resveratrol using a strategy by the
replacement of the alkene linker between the two aromatic rings
with a heterocyclic system. This approach keeps the geometry of
these rings relatively unchanged and close to that of the cis stilbene
template. Now, we prepared a library of 2,3-diaryl-4-thiazolidi-
none derivatives in which a thiazolidin-4-one nucleus connects
two aromatic rings (Fig. 2).

This design results in an increase in the structural rigidity of the
new analogs, fixing the cis-conformation of resveratrol. Modifica-
tions on both aryl moieties have been also considered in order to
define which functional groups are critical for cell proliferation
control. These variations could lead to new restricted conformation
analogs of resveratrol with higher cytotoxic activity that this and,
hence, higher ability to inhibit the growth of cancer cells in vitro.

The synthesis of designed compounds16 (3–14, Table 1) was car-
ried out by condensation of anilines (1) and aldehydes (2) with
thioglycolic acid in THF using N,N-dicyclohexylcarbodiimide
(DCC) as a dehydrating agent (Scheme 1). This protocol, described
by Srivastava et al.17 has the advantage of mild reaction conditions,
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a very short reaction time (1 h) and product formation in high
yields (47–93%).

We evaluated the effects on cell proliferation of these new
derivatives against estrogen receptor positive (ER+) MCF-7
(Fig. 3) and estrogen receptor negative (ER�) SKBR3 (Fig. 4) human
breast cancer cell line at different concentrations (0.1, 1, 10 lM)
using the MTT assay.18

Therefore, we treated for 72 h MCF-7 and SKBR3 cells with each
compounds and also with RSV in order to compare the anticancer
effects of the chemicals used to this well-known anticancer agent.

In MCF7 cells, 5, 7–8 (Fig. 3a), 9–12 (Fig. 3b) determined a clear
dose-response inhibitory effect on cell growth. Low doses of4
(Fig. 3a) and 13 (Fig. 3b) elicited an inhibition while higher doses
do not favor it. 14 (Fig. 3b) decreased cell viability only at 1 and
10 lM concentrations. As showed in Figure 3b, the compounds 9
and 10 are more active.

In fact, the most interesting results were obtained for 9 and 10
characterized by the presence of –OMe groups in R3 and R4 and of
an chlorine atom on the aromatic ring bonded at C-2 position, of
the thiazolidinone moiety, respectively, as evidenced by half-
maximal inhibitory concentration (IC50) values (Table 2).

In particular, the thiazolidin-4-one derivative 9 showed the best
pattern of dose-dependent inhibition among substance tested with
an IC50 of 2.58 lM, value much more relevant respect to RSV
(IC50 = 28.07 lM).

In SKBR3 cells, 3–8 (Fig. 4a) and 9–11 (Fig. 4b) did not change
cell proliferative behavior while only 10 lM of 5, 8–11 decreased
Figure 3. Effects of different doses of 2,3-thiazolidin-4-one derivatives on MCF-7
cell proliferation. Cells treated for 72 h with the indicated concentrations of
compounds 3–8 (a), 9–14 (b) and RSV (a and b). Cell viability was evaluated by MTT
assay. Statistically significant differences are indicated. Columns, mean of three
independent experiments each performed with triplicate samples expressed as
percent of basal; bars, SD. (⁄,⁄⁄P < 0.01 compared with basal).

Figure 4. Effects of different doses of 2,3-thiazolidin-4-one derivatives on SKBR3
cell proliferation. Cells treated for 72 h with the indicated concentrations of
compounds 3–8 (a), 9–14 (a) and RSV (a and b). Cell viability was evaluated by MTT
assay. Statistically significant differences are indicated. Columns, mean of three
independent experiments each performed with triplicate samples expressed as
percent of basal; bars, SD. (⁄P < 0.01 compared with basal).
significantly cell viability. Among all tested compounds in SKBR3
cells particularly 12–14 (Fig. 4b) determined a significant inhibi-
tion starting from the lowest dose. As showed in Figure 4 the pres-
ence of a phenyl unsubstituted (12), a naphthyl (13) or a
trimethoxy-phenyl groups (14) at C2 position of the thiazolidinon-
ic core were important for the inhibitory activity as indicated by
IC50 values (Table 3).

In particular, the derivative 14 showed the best pattern of dose-
dependent inhibition among tested substances with an IC50 of
Table 2
IC50 of resveratrol and its derivatives 9–10 for MCF-7 cells on cell viability

Compounds IC50 (lM) 95% Confidence interval

9 2.58 1.85–3.6
10 5 2.14–11.73
RSV 28.07 23.85–33.04

Table 3
IC50 of resveratrol and its derivatives 12–14 for SKBR-3 cells on cell viability

Compounds IC50 (lM) 95% Confidence interval

12 0.81 0.19–3.53
13 0.25 0.06–1.1
14 0.23 0.06–0.94
RSV 41.42 34.59–49.61
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0.23 lM, a value much more relevant respect to IC50 value of RSV
(41.42 lM).

It is evident that the dose at which RSV shows antiproliferative
effects on MCF7 and SKBR3 cells is relatively higher (>10 lM) (Ta-
bles 2 and 3)23 compared to that of the tested compounds.

In addition, a control experiment using 3T3 mouse embryonic
fibroblast cells has been performed; no effects on cell viability
was obtained using all thiazolidin-based resveratrol derivatives
of 0.1 lM from to 10 lM after 72 h of treatment (data not shown),
suggesting that these compounds have specific inhibitory effect on
breast cancer cells.

Because of the widespread chemopreventive and chemothera-
peutic applications of resveratrol, a strong demand exists to search
for other pharmacologically active resveratrol analogs with en-
hanced potency and selectivity. The findings arising from the stud-
ies described in this work could open a possible approach to the
design and development of new restricted resveratrol analogs,
such as 2,3-thiazolidin-4-one derivatives,24 as anticancer agents
for the treatment of human breast cancer. In this effort, we have
identified 9–10 compounds as potent anticancer agents against
MCF-7 breast cancer cells and 12–14 compounds with cytotoxic
activity on SKBR3 cells. It was demonstrated that changes in the
structure of the RSV derivatives may be responsible for the differ-
ent ERa-mediates biological responses observed in estrogen-
sensitive cancer cells.25 Moreover, the different inhibitory effects
of the 9, 10, 12, 13 and 14 compounds in the two breast tumor cell
lines may suggest that the biological action of these molecules
could be also influenced by the different estrogenic receptor pat-
tern. In particular, in ER positive MCF-7 cells 9–10 compounds
could interfere with ERa-dependent pathway, while in ER negative
and GPER positive SKBR3 cells 12, 13 and 14 compounds could
antagonize with GPER-dependent pathway that is involved in E2
dependent SKBR3 cell growth.26,27 This last aspect is currently
under investigation in our laboratory.

Our data outline a promising perspective: these thiazolidin-
based resveratrol derivatives may become an alternative tool to
modulate complex signal transduction pathways and interfere
with their activation in cancer. Modifications of the two structural
aromatic domains on the thiazolidin-4-one core aimed to identify
more potent and selective antitumor agents are currently under-
way. Further experiments are needed to clarify the molecular
mechanism involved in the growth responses to the tested com-
pounds and to evaluate in vivo bioavailability and chemotherapeu-
tic potential.
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3.99 (d, J = 15.47, 1H), 6.20 (s, 1H), 6.69–6.70 (m, 2H), 6.95–6.97 (m, 2H), 7.29–7.39
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2-(4-Chlorophenyl)-3-p-tolylthiazolidin-4-one (11). White solid. Yield 56%. Mp.
215–217 �C. 1H NMR (300 MHz, DMSO): d 2.28 (s, 3H), 3.86 (d, J = 15.7 Hz, 1H),
4.01 (d, J = 15.7 Hz, 1H), 6.05 (s, 1H), 7.01–7.03 (d, J = 8.8 Hz, 2H), 7.09–7.12 (d,
J = 8.6 Hz, 2H), 7.26–7.28 (m, 4H). 13C NMR (75 MHz, DMSO): d 21.4, 33.8, 65.3,
126.0, 128.9, 129.4, 130.1, 134.9, 135.0, 137.7, 138.5, 171.2. ESI m/z calcd for
C16H14ClNOS: 303.05; found 304.16.
2,3-Diphenylthiazolidin-4-one (12). White solid. Yield 80%. Mp. 250–251 �C. 1H
NMR (300 MHz, CDCl3): d 3.86 (d, J = 15.7 Hz, 1H), 4.00 (d, J = 15.7 Hz, 1H), 6.11 (s,
1H), 7.27–7.15 (m, 6H), 7.32–7.29 (m, 4H). 13C NMR (75 MHz, DMSO): d 33.5, 72.6,
126.9, 127.1, 127.5, 128.0, 128.6, 128.9, 139.2, 141.7, 171.2. ESI m/z calcd for
C15H13NOS: 255.07; found: 256.20.
2-(Naphthalen-1-yl)-3-p-tolylthiazolidin-4-one (13). White solid. Yield 48%. Mp.
240–241 �C. 1H NMR (300 MHz, CDCl3): d 2.23 (s, 3H), 3.90 (d J = 15.7 Hz, 1H), 4.05
(d, J = 15.7 Hz, 1H), 6.23 (s, 1H), 7.05–7.11 (m, 3H), 7.48 (s, 1H) 7.65–7.77 (m, 3H),
7.80 (s, 1H), 7.86–7.80 (m, 3H). 13C NMR (75 MHz, DMSO): d 21.3, 33.5, 56.1, 60.8,
73.2, 106.1, 116.1, 129.2, 133.4, 136.8, 137.6, 152.8, 171.2. ESI m/z calcd for
C20H17NOS: 319.10; found 320.20.
2-(3,4,5-Trimethoxyphenyl)-3-p-tolylthiazolidin-4-one (14). White solid. Yield
85%. Mp. 244–245 �C. 1H NMR (300 MHz, CDCl3): d 2.29 (s, 3H), 3.80 (s, 9H), 3.89
(d, J = 15.7 Hz, 1H), 4.01 (d, J = 15.7 Hz, 1H), 6.01 (s, 1H), 6.50 (s, 2H), 7.07–7.10 (m,
4H). 13C NMR (75 MHz, DMSO): d 21.3, 33.5, 56.1, 60.8, 73.2, 106.1, 116.1, 129.2,
133.4, 136.8, 137.6, 152.8, 171.2. ESI m/z calcd for C19H21NO4S: 359.12; found
360.13.
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