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Abstract

In a one pot procedure a series of (R)-2-((25,3S)-3-((1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3,6-dihy-
dro-2H-pyran-2-yl)-3-phenylthiazolidin-4-ones 9a-g and 2-((2R)-2-((2S,3S)-3-((1-(4-chlorophenyl)-1H-1,2,3-triazol-
4-yl)methoxy)-3,6-dihydro-2H-pyran-2-yl)-4-oxo-3-phenylthiazolidin-5-yl)acetic acids 10a-g was prepared by con-
densation of (28,35)-3-((1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3,6-dihydro-2H-pyran-2-carbaldehyde
with mercapto acids and primary amines in the presence of ZnCl, under both microwave irradiation and conventional
heating conditions. Characterization of new compounds has been done by means of IR, NMR, MS and elemental anal-
ysis. The cytotoxicity was assessed against a panel of four different human tumor cell lines: A549 derived from human
alveolar adenocarcinoma epithelial cells (ATCC No. CCL-185), Hela derived from human cervical cancer cells (ATCC
No. CCL-2), MDA-MB-231 derived from human breast adenocarcinoma cells (ATCC No. HTB22) and HEK 293 (nor-
mal human embryonic kidney cell line) using the MTT assays. Among the tested compounds 9e and 10e showed the
most potent activity against MCF-7 breast cancer cell line with ICs, values of 1.91 and 1.95 uM, whereas 9b, 10b, 9g and
10g showed promising activity against MDA-MB-231 and Hela cell lines with IC5, values of 5.84, 5.74, 7.89 and 7.65 pM,

respectively.
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1. Introduction

Carbohydrates, besides being the most abundant
class of bio-molecules, a vital source of energy and struc-
tural components, have an important role in biological
processes, organic synthesis and chemical industries.! In
the chemical industry they act as readily available raw ma-
terials for large scale applications and have been used in
the pharmaceutical, food, cosmetic and detergent indus-
tries.? They have an important role in cell physiology in the
form of glycoconjugates (glycolipids, glycoproteins and
polysaccharides) and in many biological processes such as
intercellular recognition, bacterial and viral infection, can-
cer metastasis, apoptosis and neuronal proliferation, etc.?

The introduction of a carbohydrate moiety into a
system often imparts interesting properties, such as hydro-

philicity, lowered toxicity and enhanced bioactivities.* Or-
ganic chemists have linked carbohydrates to various bio-
logically potent compounds to enhance their biological
applications, such as steroids, aminoacids and other thera-
peutic agents.® One of the methods used to link a carbohy-
drate moiety with a potential compound is via a triazole
ring using the well known click-chemistry reactions.® The
versatility of the alkyne- azide cyclisation reaction and the
introduction of a triazole ring makes this process an effi-
cient method to obtain cyclized products with biological
potential.” The strategy of linking a carbohydrate moiety
with another species via a triazole ring is gaining impor-
tance in organic synthesis, natural products chemistry and
biochemistry.® The stability, polar nature and possible hy-
drogen bonding ability of a triazole ring combined with
the biocompatibility and presence of stereogenic centers of
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a carbohydrate moiety makes glucal-based triazole very
interesting for organic synthetic chemists.

1,2,3-Triazoles are one of the most important classes
of heterocyclic organic compounds, which are reported to
be involved in a plethora of biological activities and to be
present in diverse therapeutic areas.” The 1,2,3-triazole
motif is associated with diverse pharmacological activities
such as antibacterial, antifungal, hypoglycemic, antihyper-
tensive and analgesic properties. Polysubstituted
five-membered aza heterocycles rank as the most potent
glycosidase inhibitors.!? Further, this nucleus in combina-
tion with or in linking with various other classes of com-
pounds such as amino acids, steroids, aromatic com-
pounds, carbohydrates efc became prominent in having
various pharmacological properties.!! 1,2,3-Triazole mod-
ified carbohydrates have became easily available after the
discovery of the Cu(I) catalyzed azide-alkynes 1,3-dipolar
cycloaddition reaction!? and quickly became a prominent
class of non-natural sugars. The chemistry and biology of
triazole modified sugars is dominated by triazole glyco-
sides.!® Therefore, the synthesis and investigation of bio-
logical activity of 1,2,3-triazole glycosides is an important
objective, which also received a considerable attention by
the medicinal chemists.

Thiazolidinone and its derivatives are known to pos-
sess significant pharmacological* and biological activi-
ties,! like sedative,'® anti inflammatory,!” anti tubercu-
lar,!® anticancer,!® anti tumor,?® anti-HIV,?! anti bacteri-
al,”? anti fungal,?® analgesic, hypotermic,* anesthetic,?®
nematicidal?® and CNS stimulant.?” Furthermore, thiazo-
lidinones have been used for the treatment of cardiac dis-
eases,”® diabetic complications like cataract nephropathy,
neuropathy,?® and as selective anti platelet activating fac-
tor.*

Microwave irradiation is an alternative heating tech-
nique based on the transformation of electromagnetic en-
ergy into heat. Often this method increases the rate of
chemical reactions® and results in higher yields. In recent
years, multi component reactions (MCRs)3273¢ have re-
ceived interesting attention due to their simplicity, efhi-
ciency, atom economy, shortened reaction times, and the
possibility for diversity oriented synthesis.

Following the successful introduction, inspired by
the biological profile of triazoles, thiazolidinones, and in
the continuation of our work on biologically active hetero-
cycles’’~46 we have developed a series of novel triazolyl
thiazolidine derivatives of pyrene, and evaluated their an-
ticancer activity.

2. Results and Discussion

The key intermediate 8 required for the synthesis of
the title compound was prepared according to the proce-
dure outlined in the Scheme 1. Diacetyl-D-glucal (2) pre-
pared from 3,4,6-tri-O-acetyl-D-glucal by treating with

triethyl silane and boron trifluoride diethyl etherate, deac-
ylation of 2, with NaOMe in methanol at 0 °C for 1 h gave
3 (77%), which on subsequent treatment with TBDMSCI
in dichloromethane in the presence of NEt; after 12 h af-
forded TBS ether 4 (80%), on treatment with propargyl
bromide in toluene in the presence of tetrabutylammoni-
um hydrogensulphate produced diether 5. After deprotec-
tion of TBS ether, the propargyl ether was converted into
triazole 7 (82%) by using 1,3-dipolar cycloaddition with
para-chlorophenyl azide carried out at ambient tempera-
ture in the presence of CuSO, and sodium ascorbate in a
mixture of 1:1 CH,Cl,-H,0. Oxidation of 7 with IBX in
acetonitrile afforded compound 8. Subsequently one-pot
synthesis of triazole linked thiazolidenone glycosides was
carried out by the condensation reaction between 8, pri-
mary aromatic amine and a thioglycolic acid in the pres-
ence of ZnCl, under microwave irradiation/conventional
heating (Scheme 2). In the classical method, the reactions
were performed in dry toluene at reflux for a long time
(2-4 h), often leading to degradation processes and conse-
quent low yields of isolated products, whereas with the ap-
plication of microwave assisted technology, the reactions
were completed in only 5-10 minutes and the compounds
were isolated by conventional work-up; products 9a-g and
10a-g were obtained in satisfactory yields, often higher
than those achieved by traditional methods. The struc-
tures of synthesized compounds were confirmed by IR,
NMR, MS and elemental analysis and evaluated for their
anticancer activity.

3. In vitro Cytotoxicity

Cytotoxicity of all the synthesized compounds was
determined on the basis of measurement of in vitro growth
inhibition of tumor cell lines in 96 well plates by cell-me-
diated reduction of tetrazolium salt to water-insoluble for-
mation of crystals using doxorubicin as a standard. The
cytotoxicity was assessed against a panel of four different
human tumor cell lines: A549 derived from human alveo-
lar adenocarcinoma epithelial cells (ATCC No. CCL-185),
Hela derived from human cervical cancer cells (ATCC No.
CCL-2), MDA-MB-231derived from human breast adeno-
carcinoma cells (ATCC No. HTB22) and HEK 293 (nor-
mal human embryonic kidney cell line) using the MTT
assays.>* The ICs, values were calculated from the plotted
absorbance data for the dose-response curves. ICs, values
(in pM) are indicated as means £SD of three independent
experiments. From the data reported in Table 2, most of
the prepared compounds (note: the enantiomeric purity of
the final products was not established) possessed signifi-
cant cytotoxicity effect on all the tested cell lines and po-
tencies of some of the compounds were comparable to the
standard doxorubicin, the most widely used drug for the
treatment of tumors. Among the tested compounds 9e and
10e showed the most potent activity against MCF-7 cell
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line with ICs, values of 1.91 and 1.95uM, respectively,
whereas 9b, 10b, 9g and 10g showed promising activity
against MDA-MB-231 and Hela cell lines with ICs, values
of 5.84, 5.74, 7.89 and 7.65 uM, respectively.

4. Experimental

Commercial grade reagents were used as supplied.
Solvents except analytical reagent grade were dried and
purified according to literature when necessary. Reaction
progress and purity of the compounds were checked by
thin-layer chromatography (TLC) on pre-coated silica gel
F254 plates from Merck and compounds visualized either
by exposure to UV light or dipping in 1% aqueous potassi-
um permanganate solution. Silica gel chromatographic
columns (60-120 mesh) were used for separations. Optical
rotations were measured on an Perkin-Elmer 141 po-
larimeter by using a 2 mL cell with a path length of 1 dm
with CHCIl; or CDCl; as the solvent. All melting points are
uncorrected and were measured using Fisher-Johns appa-
ratus. IR spectra were recorded as KBr disks on a Perkin-
Elmer FT IR spectrometer. Microwave reactions were car-
ried out in mini lab microwave catalytic reactor (ZZKD,
WBFY-201). The 'H NMR and *C NMR spectra were re-
corded on a Varian Gemini spectrometer (300 MHz for 'H
and 75 MHz for 13C). Chemical shifts are reported as §
(ppm) against TMS as the internal reference and coupling
constants (J) are reported in Hz units. Mass spectra were
recorded on a VG micro mass 7070H spectrometer. Ele-
mental analysis (C, H, N) were determined by a Perkin-
Elmer 240 CHN elemental analyzer, and are within +0.4%
of theoretical values.

((2R,38)-3-Acetoxy-3,6-dihydro-2H-pyran-2-yl)methyl
acetate (2). Tri-O-acetyl-D-glucal (1) (3.0 g, 11.02 mmol)

Table 1. Synthesis of compounds 9a-g and 10a-g

was dissolved in anhydrous dichloromethane (5 mL). The
solution was cooled to 0 °C, triethylsilane (1.53 g, 13.22
mmol) was added and the mixture was stirred for five min-
utes. Next boron trifluoride diethyl etherate (690 uL of a
40% wt. solution in diethyl ether, 11.02 mmol) was added
dropwise and the reaction mixture was stirred for 90 min.
The mixture was poured into a saturated solution of NaH-
CO;. The organic layer was washed with water, dried over
Na,SO, and concentrated under reduced pressure. Col-
umn chromatography on silica gel (PE-EtOAc, 3:1) yield-
ed the title compound (2.24 g, 10.42 mmol, 95%) as a co-
lourless syrup. [a],g: +115.5 (¢ = 1.00, CHCI;). 'HNMR
(300 MHz, CDCl;): § 5.87-5.84 (m, 2H, =CH), 4.95 (t, 1H,
OCH), 4.03-3.99 (m, 1H, CH), 4.12-4.09 (m, 4H, OCH,),
2.20 (s, 6H, COCHS,); 3C NMR (75 MHz, CDCL,): d 170.2,
127.2, 125.8, 73.6, 65.1, 64.0, 62.5, 21.1; MS: m/z (M*+H)
215. Anal. Calcd for C,,H,,05: C, 56.07; H, 6.59. Found: C,
55.82; H, 6.35.

(2R,3S)-2-((tert-Butyldimethylsilyloxy) methyl)-3,6-di-
hydro-2H-pyran-3-ol (4). Diacetate 2 (17.22 mmol) was
treated by a catalytic amount of sodium methoxide in
methanol (100 mL) at room temperature. After evapora-
tion of the solvent, the free hydroxyl unsaturated glycoside
was obtained in quantitative yield and used without fur-
ther purification. This diol was treated with 2.50 equiv of
TBDMSCI (3.14 g, 21.14 mmol), 2.6 equiv of NEt; (3.2 mL,
22.4 mmol), and 0.05 equiv of imidazole (30 mg, 0.43
mmol) in CH,Cl, (30 mL) at room temperature for ca. 24
h (until TLC analysis showed no more starting material).
After addition of 25 mL of water and extraction with 3 x 30
mL of CH,Cl,, the organic layer was dried. After evapora-
tion of the solvent under reduced pressure, the residue was
purified by column chromatography using petroleum
ether/ethyl acetate as the eluent yielding the title com-
pound (1.94 g, 10.42 mmol, 85%) as a colourless syrup. 'H

Compound R Mol. Formula Reaction time Yield

A (h) B (min) A B
9a C¢H; C,3H,,CIN,0,8 45 7 62 80
9b 4-Cl-CH, C,3H,0CLN,O5S 3.5 5 71 89
9¢ 4-NO,-C¢H, C,3H,,CIN;O5S 4.0 6 69 82
9d 2-CH;.CeH, C,,H,;CIN,0,8 3.0 8 63 86
9e 4-CH;-CH, C,,H;CIN,0,8 3.5 7 68 88
of 3-OH - C,H, C,3H,,CIN,0,S 4.0 6 79 86
9g 4-OH - CH, C,3H,,CIN,0,S 3.0 3 80 91
10a CeHs C,5H,;CIN, 058 45 8 63 79
10b 4-Cl-C¢H, CpsH,,CLN,O:S 35 5 65 82
10¢ 4-NO,-C;H, C,5H,,CIN;O,S 4.0 7 61 79
10d 2-CH;.C(H, Cy6HysCIN, 048 3.5 5 70 81
10e 4-CH,-C(H, Cy6HysCIN, 048 3.0 5 67 82
10f 3-OH - C,H, C,5Hy;CIN,O(S 4.0 8 77 87
10g 4-OH - CH, C,5HysCIN,O(S 2.5 4 79 90

A: Conventional heating. B: microwave irradiation
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Reagents and conditions: (a) BF;, Et,O, Et;SiH, CH,Cl,. (b) MeOH, NaOMe. (c) TBDMSCI, Et;N, CH,Cl,. (d) Propargyl bromide, NaH, n-Bu,N-
HSO,, 35% NaOH, toluene. (e) TBAE, THE (f) PhN3, CuSO,, sodium ascorbate, CH,Cl,, H,O (1:1). (g) IBX, CH;CN. (h) PhNH,, AcOH, SHCH-
,COOH, ZnCl,, C¢Hg. (i) SHCHCOOHCH,COOH, ZnCl,, C4Hs.

Table 2. ICs, values of tested compounds 9a-g and 10a—g against four human cell lines and nor-
mal cell line (HEK 293)

Compound IC5, Values in uM HEK293
A549 Hela MDA-MB-231 MCEF-7

9a 4.89 2.98 13.34 5.31 >100
9b >100 >100 >5.84 >100 >100
9¢ 5.44 >100 >100 8.95 >100
9d >100 >100 >100 >100 >100
9e 5.75 >100 >100 51.71 >100
9f >100 7.89 >100 >100 >100
9g >100 >100 13.39 1.91 >100
10a 4.67 3.03 13.56 5.62 >100
10b >100 >100 >5.74 >100 >100
10c 5.56 >100 >100 8.65 >100
10d >100 >100 >100 >100 >100
10e 5.89 >100 >100 52.09 >100
10f >100 7.92 >100 >100 >100
10g >100 >100 13.56 1.95 >100

Doxorubicin 0.459 0.509 0.91 1.07 >100

A549: Adeno carcinomic human alveolar basal epithelial cells; Hela: Immortal cell lines; MDA-
MB-231: Epithelial human breast cancer cells, MCF-7: Michigan Cancer Foundation-7 breast
cancer cell line.
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NMR (300 MHz, CDCl;): § 6.0-5.82 (m, 2H, =CH), 5.42
(d, ] = 6.5 Hz, 1H, CH), 4.50 (brs, 1H, OH), 4.20-4.12 (m,
1H, CH), 3.91-3.80 (m, 4H, CH,), 0.98 (s, 9H, t-Bu), 0.24
(s, 6H, CH,); *C NMR (75 MHz, CDCl,): d 127.5, 125.6,
84.6, 81.5, 73.6, 62.7, 25.6, 18.1; MS: m/z (M*+Na) 267.
Anal. Calcd for C;,H,,05Si: C, 58.97; H, 9.90. Found: C,
58.62; H, 9.75.

tert-Butyldimethyl(((2R,3S)-3-(prop-2-ynyloxy)-3,6-di-
hydro-2H-pyran-2-yl)methoxy)silane (5). To a solution
of alcohol 4 (400 mg, 1.63 mmol, 1.0 equiv) in toluene (1.6
mL) was added a 35% aqueous solution of NaOH (1.6
mL),propargyl bromide (80% solution in toluene, 363 pL,
2.4 mmol, 1.5 equiv), and n-Bu,NHSO, (280 mg, 0.82
mmol, 0.5 equiv). After 6 h of vigorous stirring at rt, Et-
,NH (1.6 mL) was added. The reaction mixture was stirred
for 1 h, poured into ice water, cautiously neutralized by
addition of a 3M solution of hydrochloric acid, and ex-
tracted with EtOAc. The combined organic extracts were
washed with brine, dried over MgSO,, filtered, and con-
centrated under reduced pressure. The crude material was
purified by flash chromatography on silica gel (hexane-
EtOAc 85:15) to afford propargyl ether as a colorless oil
(0.345 g, 75%). 'H NMR (300 MHz, CDCl;): 8 6.03-5.80
(m, 2H, =CH), 4.69 (t,J=3.9 Hz, 1H, CH), 3.68 (dd, J = 8.9
Hz, 4.1Hz, 1H, OCH), 3.99-3.89 (m, 6H, CH,), 3.20 (s,
1H, CH), 0.96 (s, 9H, t-Bu), 0.23 (s, 6H, CH,); 13C NMR
(75 MHz, CDCly): d 127.2, 124.9, 78.0, 76.2, 74.2, 64.2,
63.2, 58.5, 25.3, 18.5; MS: m/z (M*+H) 283. Anal. Calcd
for C,5H,40,Si: C, 63.78; H, 9.28. Found: C, 63.62; H, 8.95.

((2R,3S)-3-(Prop-2-ynyloxy)-3,6-dihydro-2H-pyran-2-
yl)methanol (6). To a stirred solution of 5 (0.325 g) in tet-
rahydrofuran a catalytic amount of TBAF was added and
stirred the reaction mixture at room temperature for 15
min, extracted the product with ethyl acetate (20 mL). The
combined organic extracts were washed with brine, dried
over MgSO,, filtered, and concentrated under reduced
pressure. The crude material was purified by flash chroma-
tography on silica gel (60-120 mesh, hexane-EtOAc 70:30)
to afford the title alcohol as yellow oil (0.285 g, 85%). 'H
NMR (300 MHz, CDCl;): § 5.95-5.75 (m, 2H, =CH), 4.65
(d,J=3.9 Hz, 1H, CH), 4.52 (brs, 1H, OH), 4.09-4.11 (m,
4H, OCH,), 3.64 (dd, ] = 4.1 Hz, 8.9 Hz, 1H, OCH), 3.76
(d, ] = 6.8Hz, 2H, OCH,), 3.28 (s, 1H, CH); 3C NMR (75
MHz, CDCly): d 127.2, 125.6, 78.3, 76.1, 74.1, 64.2, 61.4,
58.0; MS: m/z (M*+H) 169. Anal. Calcd for CoH,,05: C,
64.27; H, 7.10. Found: C, 64.02; H, 6.95.

((2R,38)-3-((1-(4-Chlorophenyl)-1H-1,2,3-triazol-4-yl)
methoxy)-3,6-dihydro-2H-pyran-2-yl)methanol (7). To
a solution containing alkyne 6 (0.250 g, 0.778 mmol), pa-
ra-chlorophenyl azide (0.130 g,0.849 mmol) in dichloro-
methane (10 mL) and water (10 mL) were added Cu-
SO,-5H,0 (0.110 g) and sodium ascorbate (0.114 g). The
resulting suspension was stirred at room temperature for 6

h. After this time, the mixture was diluted with 5 mL di-
chloromethane and 5 mL water.The organic phase was
separated, dried with sodium sulphate and concentrated at
reduced pressure. The crude product was purified by col-
umn chromatography on silica gel (60-120 mesh, hexane-
EtOAc 65:35) to afford 7 (0.290 g, 75%) as a white powder.
M.p. 149-1510 °C. 'H NMR (300 MHz, CDCl,): § 8.05 (s,
1H, Ar-H), 7.56 (d, ] = 9.2 Hz, 2H, Ar-H), 7.45 (d, ] = 8.9
Hz, 2H, Ar-H), 5.85-5.79 (m, 2H, =CH), 4.59 (s, 2H,
OCH,), 4.50 (brs, 1H, OH), 3.88-3.99 (m, 4H, OCH,),
3.8-3.75 (m, 2H, OCH); *C NMR (75 MHz, CDCL,): d
140.9, 134.5, 134.1, 128.4, 127.5, 125.4, 122.1, 121.5, 78.6,
68.5, 65.7, 64.2, 62.4; MS: m/z (M*+H) 322. Anal. Calcd
for C;5H,4CIN;05: C, 55.90; H, 5.01; N,13.06. Found: C,
55.65; H, 4.95; N, 12.86.

(R)-2-((28,3S)-3-((1-(4-Chlorophenyl)-1H-1,2,3-triazol-
4-yl)methoxy)-3,6-dihydro-2H-pyran-2-yl)-3-phenylthi-
azolidin-4-ones 8a-g. To a solution of alcohol 7 (0.120 g,
0.465 mmol) in CH,Cl, (5 mL), a catalytic amount of IBX
was added at 0 °C and stirred at room temperature for
30min. The reaction mixture was filtered and washed with
CH,Cl, (2 x 10 mL). It was dried (Na,SO,) and evaporated
to give aldehyde 7 (0.110 g) in quantitative yield as a yellow
liquid, which was used as such for the next reaction.

To a stirred mixture of 8 (0.110 g, 0.373 mmol), aro-
matic amine (0.373 mmol) and anhydrous thioglycolic
acid (0.140 g, 0.211 mmol) in dry toluene (5 mL), ZnCl,
(0.100 g, 0.751 mmol) was added after 2 min and irradiat-
ed in microwave bath reactor at 280 W for 4-7 minutes at
110 °C. After cooling, the filtrate was concentrated to dry-
ness under reduced pressure and the residue was taken up
in ethyl acetate. The ethyl acetate layer was washed with
5% sodium bicarbonate solution and finally with brine.
The organic layer was dried over Na,SO, and evaporated
to dryness at reduced pressure. The crude product thus ob-
tained was purified by column chromatography on silica
gel (60-120 mesh) with hexane-ethyl acetate as the eluent.
Under conventional method the reaction mixture in tolu-
ene (10 mL) was refluxed at 110 °C for the appropriate
time (Table 1).

(R)-2-((2S,35)-3-((1-(4-Chlorophenyl)-1H-1,2,3-tri-
azol-4-yl)methoxy)-3,6-dihydro-2H-pyran-2-yl)-3-
phenylthiazolidin-4-one (9a). M.p. 157-159 °C, IR (KBr)
v 3100, 3010, 1750, 1620, 1602, 1440, 1350, 1340, 1210, 735
cm™!. '"H NMR (300 MHz, CDCl,): 6 8.04 (s, 1H, Ar-H),
7.50 (d, J] = 9.2 Hz, 2H, Ar-H), 7.40 (d, ] = 8.9 Hz, 2H,
Ar-H), 7.10-6.20 (m, 5H, Ar-H), 5.80-5.71 (m, 2H, =CH),
490 (d, ] = 5.2 Hz, 1H, CHYS), 4.52 (s, 2H, OCH,), 4.09-
3.94 (m, 2xCH), 3.79 (d, ] = 6.6 Hz, 2H, OCH,), 3.72 (s,
2H, CH,). *C NMR (75 MHz, CDCl;): d 170.4, 144.1,
141.8, 134.1, 128.2, 125.6, 122.4, 119.4, 85.6, 72.6, 66.4,
64.0, 51.4, 33.9: MS: m/z (M*+H) 469. Anal. Calcd for
C,3H,;CIN,O5S: C, 58.91; H, 4.51; N,11.95. Found: C,
58.68; H, 4.35; N, 11.66.
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(R)-3-(4-Chlorophenyl)-2-((28,3S)-3-((1-(4-chloro-
phenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3,6-dihydro-
2H-pyran-2-yl)thiazolidin-4-one (9b). M.p. 226-228 °C.
IR (KBr) v 3190, 3018, 1756, 1616, 1609, 1430, 1340, 1320,
1208, 731 cm™!. 'H NMR (300 MHz, CDCl;): d 8.05 (s, 1H,
Ar-H), 7.54 (d, ] = 9.4 Hz, 4H, Ar-H), 7.42 (d, ] = 8.6 Hz,
4H, Ar-H), 5.84-5.75 (m, 2H, =CH), 4.94 (d, ] = 5.2 Hz,
CH-S), 4.50 (s, 2H, OCH,), 4.06-3.96 (m, 2H, 2xCH),
3.80 (t, 2H, OCH,), 3.72 (s, 2H, CH,); *C NMR (75 MHz,
CDCl): d 170.5, 144.2, 139.2, 134.2, 129.2, 125.5, 122.2,
119.4, 85.4, 72.8, 65.4, 63.4, 51.2, 34.1. MS: m/z (M*+Na)
525. Anal. Calcd for C,3H,,Cl,N,O5S: C, 54.88; H, 4.00; N,
11.13. Found: C, 54.58; H, 3.75; N, 10.86.

(R)-2-((2S,3S)-3-((1-(4-Chlorophenyl)-1H-1,2,3-tri-
azol-4-yl)methoxy)-3,6-dihydro-2H-pyran-2-yl)-3-(4-
nitrophenyl)thiazolidin-4-one (9¢). M.p. 211-213 °C. IR
(KBr) v 3112, 3020, 1746, 1626, 1619, 1560, 1435, 1344,
1324, 1218, 739 cm™L. 'H NMR (300 MHz, CDCl;): § 8.26
(d, ] = 8.7 Hz, 2H), 8.03 (s, 1H, Ar-H), 7.61 (d, ] = 9.4 Hz,
4H, Ar-H), 7.46 (d, ] = 8.5 Hz, 4H, Ar-H), 6.84 (d, J = 9.8
Hz, 2H, Ar-H), 5.86-5.79 (m, 2H, =CH), 4.96 (d, ] = 5.2
Hz, CH-S), 4.55 (s, 2H, OCH,), 4.05-3.95 (m, 2H, 2xCH),
3.85 (d, ] = 6.9 Hz, 2H, OCH,), 3.82 (s, 2H, CH,). 13C
NMR (75 MHz, CDCl;): d 171.5, 144.0, 141.8, 134.2, 128.5,
1254, 119.5, 854, 72.4, 65.9, 63.6, 51.5, 34.6: MS: m/z
(M*+H) 514. Anal. Calcd for C,3H,,CIN505S: C, 53.75; H,
3.92; N, 13.63. Found: C, 53.58; H, 3.75; N, 13.39.

(R)-2-((25,3S)-3-((1-(4-Chlorophenyl)-1H-1,2,3-tri-
azol-4-yl)methoxy)-3,6-dihydro-2H-pyran-2-yl)-3-or-
tho-tolylthiazolidin-4-one (9d). M. p. 191-193 °C. (IR)
KBr v 3116, 3024, 1741, 1622, 1615, 1450, 1439, 1348,
1321, 1218, 749 cm™'. 'H NMR (300 MHz, CDCl;): & 8.08
(s, 1H, Ar-H), 7.56 (d, ] = 9.2 Hz, 2H, Ar-H), 7.49 (d, ] =
8.7 Hz, 2H, Ar-H), 7.45-7.39 (m, 4H, Ar-H), 5.76 (m, 2H,
=CH), 4.93 (d, ] = 5.2 Hz, 1H, CHS), 4.60 (s, 2H, OCH,),
4.05-3.96 (m, 2H, CH), 3.90 (t, 2H, OCH,), 3.81 (s, 2H,
CH,), 2.1 (s, 3H, CH,). 13C NMR (75 MHz, CDCl,): d
170.5, 144.2, 138.2, 134.2, 130.7, 128.6, 125.6, 122.0, 119.5,
116.5, 85.4, 72.6, 65.8, 63.4, 52.0, 32.3, 17.5: MS: m/z
(M*+H) 483. Anal. Calcd for C,,H,;CIN,O5S: C, 59.68; H,
4.80; N, 11.60. Found: C, 59.48; H, 4.55; N, 11.49.

(R)-2-((2S,3S)-3-((1-(4-Chlorophenyl)-1H-1,2,3-tri-
azol-4-yl)methoxy)-3,6-dihydro-2H-pyran-2-yl)-3-pa-
ra-tolylthiazolidin-4-one (9¢). M. p. 195-198 °C. IR
(KBr) v 3126, 3014, 1746, 1632, 1625, 1442, 1434, 1341,
1331, 1228, 740 cm~'. 'H NMR (300 MHz, CDCl,): & 8.05
(s, 1H, Ar-H), 7.51 (d, ] = 9.2 Hz, 2H, Ar-H), 7.45 (d, ] =
8.7 Hz, 2H, Ar-H), 7.25 (d, ] = 8.2 Hz, 2H, Ar-H), 6.84 (d,
J =9.4 Hz, 2H, Ar-H), 5.72-5.68 (m, 2H, =CH), 4.95 (s,
1H, CHS), 4.59 (s,2H, OCH,), 4.04-3.99 (m, 2H, CH),
3.98 (t, 2H, OCH,), 3.90 (s, 2H, CH,), 2.32 (s, 3H, CH,).
13C NMR (75 MHz, CDCl,): d 170.5, 144.2, 138.6, 136.2,
134.1, 133.2, 129.4, 127.5, 122.5, 119.5, 85.4, 72.0, 66.4,

63.5, 51.5, 34.0, 21.4. MS: m/z (M*+H) 483. Anal. Calcd
for Cy4H,;CIN,O5S: C, 59.68; H, 4.80; N, 11.60. Found: C,
59.58; H, 4.65; N, 11.43.

(R)-2-((2S,3S)-3-((1-(4-Chlorophenyl)-1H-1,2,3-tri-
azol-4-yl)methoxy)-3,6-dihydro-2H-pyran-2-yl)-3-(3-
hydroxyphenyl)thiazolidin-4-one (9f). M. p. 218-219
°C. IR (KBr) v 3116, 3024, 1746, 1622, 1615, 1424, 1346,
1336, 1228, 1201, 749 cm™'. 'H NMR (300 MHz, CDCl;):
8 9.40 (brs, 1H, Ph-OH), 8.08 (s, 1H, Ar-H), 7.58 (d, ] =9.3
Hz, 2H, Ar-H), 7.49 (d, ] = 8.6 Hz, 2H, Ar-H), 6.83-6.76
(m, 4H, Ar-H), 5.72-5.68 (m, 2H, =CH), 4.94 (d, ] = 5.2
Hz, 1H, CHS), 4.64 (s, 2H, OCH,), 4.12 (t, 2H, OCH,),
4.01-3.94 (m, 2H, CH), 3.92 (s, 2H, CH,). 3*C NMR (75
MHz, CDCl,): d 170.5, 158.2, 143.8, 134.5, 130.4, 128.6,
125.6,122.4,119.5,114.8, 106.5, 85.4, 72.5, 66.4, 63.4, 51.5,
34.1. MS: m/z (M*+Na) 507. Anal. Calcd for C,3H,,Cl-
N,O,S: C, 59.96; H, 4.36; N, 11.55. Found: C, 59.28; H,
4.65; N,11.43.

(R)-2-((2S,3S)-3-((1-(4-Chlorophenyl)-1H-1,2,3-tri-
azol-4-yl)methoxy)-3,6-dihydro-2H-pyran-2-yl)-3-(4-
hydroxyphenyl)thiazolidin-4-one (9g). M. p. 273-275
°C. IR (KBr) v 3119, 3028, 1741, 1619, 1611, 1420, 1336,
1326, 1218, 1213, 769 cm™!. 'H NMR (300 MHz, CDCl,):
8 9.42 (brs, 1H, Ph-OH), 8.05 (s, 1H, Ar-H), 7.56 (d, J=9.2
Hz, 2H, Ar-H), 7.46 (d, ] = 8.4 Hz, 2H, Ar-H), 7.32 (d, ] =
8.6 Hz, 2H, Ar-H), 7.02 (d, J = 8.8 Hz, 2H, Ar-H), 5.89-
5.80 (m, 2H, =CH), 4.96 (d, ] = 5.4 Hz, 1H, CHS), 4.66 (s,
2H, OCH,), 4.09 (d, J = 2H, OCH,), 4.04-3.98 (m, 2H,
CH), 3.94 (s, 2H, CH,). *C NMR (75 MHz, CDCly): d
170.9, 154.1, 144.4, 134.9, 134.8, 128.8, 127.2, 125.6, 123.2,
1194, 116.4, 854, 72.6, 66.5, 64.0, 51.6, 34.5. MS: m/z
(M*+H) 485. Anal. Calcd for C,3H,,CIN,O,S: C, 59.96; H,
4.36; N, 11.55. Found: C, 59.38; H, 4.75; N,11.33.

General procedure for the synthesis of 10a-g. To a solu-
tion of alcohol 7 (0.120 g, 0.465 mmol) in CH,Cl, (5 mL),
a catalytic amount of IBX was added at 0 °C and stirred at
room temperature for 30min. The reaction mixture was
filtered and washed with CH,Cl, (2 x 10 mL). It was dried
(Na,SO,) and evaporated to give aldehyde 7 (0.110 g) in
quantitative yield as a yellow liquid, which was used as
such for the next reaction.

To a stirred mixture of 7 (0.110 g, 0.373 mmol),
aromatic amine (0.373 mmol) and anhydrous thiomalic
acid (0.140 g, 0.211 mmol) in dry toluene (5 mL), ZnCl,
(0.100 g, 0.751 mmol) was added after 2 min and irradiat-
ed in microwave bath reactor at 280 W for 4-7 minutes at
110 °C. After cooling, the filtrate was concentrated to dry-
ness under reduced pressure and the residue was taken up
in ethyl acetate. The ethyl acetate layer was washed with
5% sodium bicarbonate solution and finally with brine.
The organic layer was dried over Na,SO, and evaporated
to dryness at reduced pressure. The crude product thus ob-
tained was purified by column chromatography on silica
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gel (60-120 mesh) with hexane-ethyl acetate as the eluent.
Under conventional method the reaction mixture in tolu-
ene (10 mL) was refluxed at 110 °C for the appropriate
time (Table 1).

2-((2R)-2-((28,3S)-3-((1-(4-Chlorophenyl)-1H-1,2,3-
triazol-4-yl)methoxy)-3,6-dihydro-2H-pyran-2-yl)-4-
oxo-3-phenylthiazolidin-5-yl)acetic acid (10a). M. p.
221-223°C.IR (KBr) v 3114, 3004, 1740, 1724, 1610, 1600,
1430, 1330, 1320, 1219, 755 cm™!. 'H NMR (300 MHz,
CDCL,): § 11.50 (s, 1H, CO,H), 8.09 (s, 1H, ArH), 7.58 (d,
J=9.2 Hz, 2H, ArH), 7.49 (d, J = 8.9 Hz, 2H, Ar-H), 7.41-
6.76 (m, 5H, Ar-H), 6.10 (s, 1H, CHS), 5.84-5.79 (m, 2H,
=CH), 4.65 (t, 1H, CH), 4.52 (s, 2H, OCH,), 4.10-4.08 (m,
2H, OCH), 3.98 (d, J = 6.2 Hz, 2H, OCH,), 2.36 (d, 2H,
CH,). 3C NMR (75 MHz, CDCl,): d 175.2, 173.0, 144.4,
141.5, 134.5, 128.5, 125.6, 122.4, 119.4, 86.4, 72.5, 66.4,
49.5, 46.4, 38.6. MS: m/z (M*+H) 527. Anal. Calcd for
C,sHp;CIN,O,S: C, 56.98; H, 4.40; N, 10.65. Found: C,
56.78; H, 4.25; N,10.43.

2-((2R)-3-(4-Chlorophenyl)-2-((28,3S)-3-((1-(4-chloro-
phenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3,6-dihydro-
2H-pyran-2-yl)-4-oxothiazolidin-5-yl)acetic acid (10b).
M. p. 269-271 °C. IR (KBr) v 3106, 3021, 1752, 1729, 1606,
1619, 1440, 1330, 1310, 1212, 741 cm™'. 'H NMR (300
MHz, CDCL,): § 11.62 (s, 1H, CO,H), 8.12 (s, 1H, Ar-H),
7.54-7.49 (m, 6H, Ar-H), 7.30 (d, ] = 8.3 Hz, 2H, Ar-H),
6.13 (s, 1H, CHS), 5.5-5.48 (m, 2H, =CH), 4.59 (t, 1H,
CH), 4.5 (s, 2H, OCH,), 4.09-4.05 (m, 2H, OCH), 3.96 (d,
J = 6.5 Hz, 2H, OCH,), 2.34 (d, 2H, CH,). 3C NMR (75
MHz, CDCl,): d 175.2, 173.2, 144.1, 139.6, 134.5, 134.1,
129.0,127.4,125.8,122.4,119.5, 86.5, 73.0, 66.8, 63.5, 49.3,
46.5, 39.1. MS: m/z (M*+H) 561. Anal. Calcd for C,;H-
,»CLN,O5S: C, 53.48; H, 3.95; N, 9.98. Found: C, 53.18; H,
3.65; N, 9.78.

2-((2R)-2-((28,35)-3-((1-(4-Chlorophenyl)-1H-1,2,3-
triazol-4-yl)methoxy)-3,6-dihydro-2H-pyran-2-yl)-3-
(4-nitrophenyl)-4-oxothiazolidin-5-yl)acetic acid (10c).
M. p. 257-259 °C. IR (KBr) v 3104, 3026, 1736, 1728, 1616,
1601, 1550, 1425, 1324, 1314, 1208, 769 cm™. 'H NMR
(300 MHz, CDCl;): 6 11.42 (s, 1H, CO,H), 8.20 (d, ] = 8.4
Hz, 2H, Ar-H), 8.02 (s, 1H, ArH), 7.48 (d, J = 9.2 Hz, 2H,
Ar-H), 7.42 (d, ] = 8.6 Hz, 2H, Ar-H), 6.75 (d, ] = 9.6 Hz,
2H, Ar-H), 6.15 (s, 1H, CHS), 5.56-5.49 (m, 2H, =CH),
4.62 (s, 2H, OCH,), 4.56 (t, 1H, CH), 2.30 (d, 2H, CH,).
13C NMR (75 MHz, CDCl;): d 175.2, 173.2, 143.6, 135.2,
134.2, 131.5, 128.9, 127.4, 125.6, 124.1, 122.5, 119.4, 86.1,
72.8, 66.5, 63.9, 49.3, 46.5, 39.0. MS: m/z (M*+H) 573.
Anal. Caled for C,5H,,CIN;O,S: C, 52.50; H, 3.883; N,
12.24. Found: C, 52.38; H, 3.65; N, 12.01.

2-((2R)-2-((28,3S)-3-((1-(4-Chlorophenyl)-1H-1,2,3-
triazol-4-yl)methoxy)-3,6-dihydro-2H-pyran-2-yl)-4-
oxo-3-ortho-tolylthiazolidin-5-yl)acetic acid (10d). M.

p. 243-245 °C. IR (KBr) v 3111, 3014, 1731, 1719, 1626,
1625, 1458, 1449, 1368, 1331, 1238, 729 cm~!. 'H NMR
(300 MHz, CDCL,y): & 11.60 (s, 1H, CO,H), 8.09 (s, 1H,
Ar-H), 7.50 (d, ] = 9.4 Hz, 2H, Ar-H), 7.45 (d, J = 8.5Hz,
2H, Ar-H), 6.86-7.10 (m, 4H, Ar-H), 6.20 (s, 1H, CHS),
5.51-5.46 (m, 2H, =CH), 4.65 (s, 2H, OCH,), 4.45 (t, 1H,
CH), 4.10-4.05 (m, 2H, OCH), 3.95 (d, J = 6.5 Hz, 2H,
OCHy,), 2.35 (d, 2H, CH,), 2.10 (s, 3H, CH;). *C NMR (75
MHz, CDCLy): d 175.4, 173.5, 144.5, 138.6, 135.0, 134.5,
130.5, 129.5, 126.0, 122.0, 119.4, 116.5, 86.5, 73.0, 67.0,
64.0, 49.6, 46.5, 38.5, 17.5; MS: m/z (M*+Na) 563. Anal.
Caled for C,gHys CIN,OSS: C, 57.72; H, 4.66; N, 10.36.
Found: C, 57.58; H, 4.55; N,10.21.

2-((2R)-2-((28,35)-3-((1-(4-Chlorophenyl)-1H-1,2,3-
triazol-4-yl)methoxy)-3,6-dihydro-2H-pyran-2-yl)-4-
oxo0-3-para-tolylthiazolidin-5-yl)acetic acid (10e). M. p.
207-209 °C. IR (KBr) v 3136, 3024, 1756, 1729, 1612, 1605,
1432, 1424, 1331, 1321, 1248, 757 cm~!. 'H NMR (300
MHz, CDCL,): § 11.42 (s, 1H, CO,H), 8.06 (s,1H,Ar-H),
7.55 (d, ] = 9.5 Hz, 2H, Ar-H), 7.46 (d, ] = 8.5 Hz, 2H,
Ar-H), 7.30 (d, ] =9.2 Hz, 2H, Ar-H), 6.84 (d, ] = 9.6 Hz,
2H, Ar-H), 6.15 (s, 1H, CHS), 4.63 (s, 2H, OCH,), 4.45 (t,
1H, CH), 4.14-4.09 (m, 2H, OCH), 3.93 (d, ] = 6.9 Hz, 2H,
OCH,), 2.30 (d, 2H, CH,), 2.24 (s, 3H, CH;). 3C NMR (75
MHz, CDCl,): d 175.2, 173.8, 144.5, 138.5, 136.5, 134.0,
133.5, 1294, 127.4, 125.6, 122.0, 119.4, 86.5, 73.0, 66.5,
64.0, 49.5, 46.1, 39.0, 21.5; MS: m/z (M*+H) 541. Anal.
Caled for C,gH,sCIN,OsS: C, 57.72; H, 4.66; N, 10.36.
Found: C, 57.52; H, 4.65; N,10.19.

2-((2R)-2-((28,35)-3-((1-(4-Chlorophenyl)-1H-1,2,3-
triazol-4-yl)methoxy)-3,6-dihydro-2H-pyran-2-yl)-3-
(3-hydroxyphenyl)-4-oxothiazolidin-5-yl)acetic  acid
(10f): M. p. 217-219 °C. IR (KBr) v 3126, 3014, 1748,
1730, 1720, 1612, 1605, 1414, 1336, 1316, 1218, 1211, 779
cm™l. 'H NMR (300 MHz, CDCl;): § 11.42 (s, 1H, OH),
8.03 (s, 1H, Ar-H), 7.56 (d, ] = 9.4 Hz, 2H, Ar-H), 7.48 (d,
J = 8.3 Hz, 2H, Ar-H), 7.14-6.95 (m, 4H, Ar-H), 6.16 (s,
1H, CHS), 5.40 (s, 1H, OH), 4.65 (s, 1H, OCH,), 4.10-4.03
(m, 2H, OCH), 3.98 (t, 1H, CH), 2.35 (d, 2H, CH,). *C
NMR (75 MHz, CDCl;): d 175.3,173.2, 158.3, 144.5, 134.9,
130.5, 128.5, 127.5, 125.6, 122.0, 119.5, 114.6, 106.3, 86.5,
72.8, 66.5, 64.0, 49.5, 46.5, 39.0; MS: m/z (M*+H) 543.
Anal. Caled for C,5H,;CIN,OgS: C, 55.30; H, 4.26; N,
10.32. Found: C, 55.12; H, 4.05; N, 10.09.

2-((2R)-2-((2S,3S)-3-((1-(4-Chlorophenyl)-1H-1,2,3-
triazol-4-yl)methoxy)-3,6-dihydro-2H-pyran-2-yl)-3-
(4-hydroxyphenyl)-4-oxothiazolidin-5-yl)acetic  acid
(10g): M. p. 246-248 °C. IR (KBr) v 3149, 3038, 1751,
1728, 1629, 1615, 1440, 1346, 1316, 1228, 1203, 739 cm™!.
'H NMR (300 MHz, CDCl;): & 11.39 (s, 1H, CO,H), 8.05
(s, 1H, Ar-H), 7.58 (d, ] =9.5Hz, 2H, Ar-H),7.48 (d, ] = 8.5
Hz, 2H, Ar-H), 7.32 (d, ] = 8.8 Hz, 2H, Ar-H), 6.90 (d, ] =
9.7 Hz, 2H, Ar-H), 6.08 (s, 1H, CHS), 5.50-5.48 (m, 2H,
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=CH), 5.42 (s, 1H, OH), 4.60 (s, 2H, OCH,), 4.15-4.10 (m,
2H, OCH), 3.95 (d, ] = 6.9 Hz, 2H, OCH,), 3.91 (t, 1H,
CH), 2.30 (d, 2H, CH,). *C NMR (75 MHz, CDCL,): d
175.5,173.8, 154.5, 144.5, 135.0, 134.5, 129.0, 127.5, 125.7,
123.5, 119.5, 116.5, 86.5, 73.0, 67.0, 64.0, 49.5, 46.5, 39.0.
MS: m/z (M*+Na) 565. Anal. Calcd for C,5H,;CIN,O¢S: C,
55.30; H, 4.26; N, 10.32. Found: C, 55.09; H, 4.02; N, 10.19.

5. Conclusion

A series of novel triazole linked thiazolidinone de-
rivatives 9a—g and 10a-g was prepared and evaluated for
their anticancer activity against four human cell lines and
normal cell line (HEK 293). The screened compounds 9f
and 10f exhibited potent anticancer activity compared to
standard drug at the tested concentrations and 9b, 10b, 9g
and 10g exhibited potent anticancer activity compared to
standard drug at the tested concentrations.
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Povzetek

S kondenzacijo (2S,3S)-3-((1-(4-klorofenil)-1H-1,2,3-triazol-4-il)metoksi)-3,6-dihidro-2H-piran-2-karbaldehida z
merkapto kislinami in primarnimi amini v prisotnosti ZnCl, smo pod pogoji obsevanja z mikrovalovi in klasi¢nim
segrevanjem pripravili seriji (R)-2-((2S,3S)-3-((1-(4-klorofenil)-1H-1,2,3-triazol-4-il)metoksi)-3,6-dihidro-2 H-piran-
2-il)-3-feniltiazolidin-4-onov 9a-g in 2-((2R)-2-((2S,3S)-3-((1-(4-klorofenil)-1H-1,2,3-triazol-4-il)metoksi)- 3,6-dihi-
dro-2H-piran-2-il)-4-okso-3-feniltiazolidin-5-il)ocetnih kislin 10a-g. Nove spojine smo karakterizirali z IR, NMR, MS
in elementno analizo. Raziskali smo citotoksi¢nost na seriji $tirih razli¢nih ¢loveskih tumorskih celi¢nih linij: A549 iz
¢loveskih alveolarnih adenokarcinomskih epitelijskih celic (ATCC No. CCL-185), Hela iz ¢loveskih rakastih celic ma-
terni¢nega vratu (ATCC No. CCL-2), MDA-MB-231 iz ¢loveskih adenokarcinomskih celic dojk (ATCC No. HTB22) in
HEK 239 (normalne ¢loveske embrionske celice ledvic) s pomo¢jo MTT analize. Izmed testiranih spojin sta 9e in 10e
pokazali najve¢jo u¢inkovitost proti MCF-7 celi¢ni liniji raka dojke z ICsy vrednostmi 1.91 in 1.95 uM, spojine 9b, 10b,
9g in 10g pa so pokazale obetavno aktivnost proti MDA-MB-231 in Hela celicam z ICs, vrednostmi 5.84, 5.74, 7.89 in
7.65 M.
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