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Abstract

Novel rel-(6R,7R)-2-oxo-7-phenyl-3,5,6,7-tetrahydro-2H-thiopyrano[2,3-d]thiazole-6-
carbaldehydes were synthesized via regio- and diastereoselective hetero-Diels-Alder reaction of
5-arylidene-4-thioxo-2-thiazolidinones with acrolein. The synthesized compounds were
evaluated for anticancer and antiviral activities by the National Institutes of Health (NIH)
following US NCI and AACF protocols. Anticancer activity screening on NCI60 cell lines
allowed identification of 7-phenyl-2-oxo-7-phenyl-3,5,6,7-tetrahydro-2H-thiopyrano[2,3-
d]thiazole-6-carbaldehyde 3a with the highest level of antimitotic activity against leukemia with
mean Glso/TGI values 1.26/25.22 uM. The screening of antiviral activity lead to identification of

7-(4-methoxyphenyl)-2-oxo0-3,5,6,7-tetrahydro-2H-thiopyrano[2,3-d]thiazole-6-carbaldehyde 3b
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with a promising influence on EBV virus (ECso = 0.07 uM, SI = 3279) and moderate effect on

Herpes simplex virus type 1 and Varicella zoster virus and 7-[4-(benzyloxy)phenyl]-2-oxo-

3,5,6,7-tetrahydro-2H-thiopyrano[2,3-d][1,3]thiazole-6-carbaldehyde 3e with a promising

influence on Hepatitis C virus (ECsp = 12.6 uM, SI = 43.1).
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Keywords

Anticancer activity on the leukemia
subpanel tumor cell lines
3a (R=H) GI;;=0.89-3.24 uM

Antiviral activity
3b (R=4-Me0) EC,;=0.07 uM; SI=3279 (EBV)
3e(R=4-BzO-) EC,; = 12.6 uM; SI=43.1 (HCMV)

hetero-Diels-Alder reaction, thiopyrano[2,3-d]thiazoles, anticancer activity, antiviral activity.
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INTRODUCTION

Thiazolidinone-based molecules are attaractive targets in the rational design of «drug-
like» compounds which possess anti-inflammatory!, antioxidant’?, antitumor, choleretic,
diuretic!® and other activities. In addition, 4-thiazolidinones are known as inhibitors of PRL-3
and JSP-1 phosphatasest*®!, HCV NS3 protease!®, antiapoptic proteins complex Bcl-XL-BH5!,

TNFa-TNFRc-1 complex™®, Ras farnesyl transferasel®.

Among thiazolidinone derivatives, 5-arylidene-4-thiazolidinones are of wide interest due
to their diverse biological activity and clinical applicationst®. However, these compounds often
asigned as the frequent hitters or pan assay interference compounds (PAINS) due to their
Michael acceptors propertiest’®*3l. Nevertheless, it was found that fixation of a highly active 5-
arylidene-4-thiazolidinone moiety in a structure-related thiopyrano[2,3-d]thiazole core allows to
store of this biophore fragment in a rigid fused system without Michael accepting functionalities.
Thus, in our previous studies we reported about thiopyrano[2,3-d]thiazoles as potential

antitripanosomal!*, antioxidant™, anticancer™®?” and anti-inflammatory'?" agents.

In the present work, we described our ongoing research effort in the synthesis of a series
of novel thiopyrano[2,3-d]thiazole-6-carbaldehydes and characterization of these compounds for
antitumor and antiviral activities. In view of these observations it was thought to synthesize these

compounds by the [4+2]-cyclization with acrolein via hetero-Diels-Alder reaction.

RESULT AND DISCUSSION

Chemistry
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The synthesis of target thiopyrano[2,3-d]thiazoles followed the general pathway outlined
in Scheme 1. Firstly, the starting 5-arylidene-4-thioxo-2-thiazolidinones?#? 2a-h were obtained
by Knoevenagel condensation of 4-thioxo-2-thiazolidinone 1 with several aldehydes in the
presence of EDDA as the base catalyst. The reactivity of the sulfur atom at the 4-position at 5-
ylidene-4-thioxo-2-thiazolidinones allows it to be used as a highly active heterodiene component
in hetero-Diels--Alder reactions?*?4. In this work, we have synthesized several new rel-(6R,7R)-
2-o0xo-7-phenyl-3,5,6,7-tetrahydro-2H-thiopyrano[2,3-d]thiazole-6-carbaldehydes ~ 3a-h by
coupling with acrolein as the dienophile. The heterodiene synthesis was accomplished in glacial
acetic acid and a catalytic amount of hydroquinone, as a side polymerization inhibitor. The
structures and stereochemical features of the synthesized compounds were elucidated by spectral
data. Thus, CH,-CH protons of the thiopyran fragment in the *H NMR spectra of synthesized
compounds show characteristic patterns of an ABX system. The chemical shifts of these protons
have been assigned a triplet at 6 ~2.95-3.02, doublet at 6 ~3.12-3.19 and multiplet at 6 ~4.7-4.8,
respectively, with corresponding coupling constans of Js¢ = 13.0-13.8 Hz and Js7 = 4.4-4.7 Hz
which indicated a equatorial-pseudoaxial interaction between the protons at C-6 and C-7. Signals
of the aldehyde group appeared as single-proton singlet in weak magnetic field at 6 ~ 9.60-9.75
ppm. In the *C NMR spectra of the synthesized compounds, the signals observed at & 171.0--
171.7 are assigned to the carbonyl group (C = O). The signals of carbon of the aldehyde group
were observed at 6 200.5--202.6. Interestingly, similar spectral features were observed for acrylic

acids and their esters as dienophiles in the hetero-Diels-Alder reactiont®’.

The structure of the synthesized rel-(6R,7R)-7-(4-isopropylphenyl)-2-0x0-3,5,6,7-

tetrahydro-2H-thiopyrano[2,3-d][1,3]thiazole-6-carbaldehyde (3h) was confirmed by X-ray
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crystallographic analysis reaction (Supplemental Materials, Tables S 1-S 4)?°!. In the crystal
structure of 3h there are twelve symmetry-independent molecules in the asymmetric part of the
unit cell. Displacement ellipsoids of the atoms of the p-isopropylphenyl residues in the molecules
are increased. Simultaneously, some of the isopropyl moieties are disordered. The symmetry-
independent molecules differ in terms of conformation. However, the differences mainly relate to

the arrangement of isopropyl moiety.

In all the molecules the tetrahydrothiopyran ring is in a half-chair conformation. The
hydrogen atoms at the stereogenic C7 and C8 centers have a cis axial-pseudoequatorial
orientation. The torsion angles H7--C7--C8--H8 for the twelve symmetry-independent molecules
are in the range of 43 — 48° and reveal a synclinal (+sc) conformation for atoms H(C7) and
H(C8). The phenyl group is approximately perpendicular to the least squares plane of the
dihydrothiopyran ring; the dihedral angles for symmetry-independent molecules A -- L are in the
range of 87.4(3) — 89.3(3)°. The C4-C9 bond lengths that are in the range of 1.332(14) -
1.352(14) (molecules A -- L) confirm the presence of a double bond between these atoms. It is
worth noting that the geometry of 2-oxo-7-phenyl-3,5,6,7-tetrahydro-2H-thiopyrano[2,3-
d]thiazole molecule fragment in 3h is close to those observed in two related structures (refcodes:

LOBQEA and QEDBUY) found in Cambridge Structural Database, Version 5.37 27
Biological activity

In vitro evaluation of the anticancer activity
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Anticancer assays of the compounds 3a-c, 3e, 3g were performed according to the US
NCI protocol, as described elsewhere 22 Some synthesized compounds 3b, 3e were submitted
and evaluated against the three human tumor cell lines panel, consisting of NCI-H460 (non-small
cell lung cancer), MCF7 (breast cancer), and SF-268 (CNS cancer) cell lines. Thus, the
substances which reduced the growth of the cell lines to 32% or less were passed on for
evaluation in the full panel of 60 human tumor cells. As a result these compounds successfully
passed the pre-screening phase. On the other hand, compounds 3a, 3g were evaluated at the
single concentration of 10°M against the full panel. The human tumor cell lines were derived
from nine different cancer types: leukemia, melanoma, lung, colon, CNS, ovarian, renal,
prostate, and breast cancers. The results for each compound are reported as the percent growth of
treated cells and compared to untreated control cells. Range of growth (%) showed the lowest
and highest growth that was found among different cancer cell line. The synthesized compounds
3a, 3g displayed significant activity in the vitro screen on tested cell lines. Thus, compound 3a
was highly active on renal cancer UO-31 cell line (GP = -1.20%) and compound 3g was highly
active on non-small cell lung cancer NCI-H522 cell line (GP = -2.71%). The results of the

primary screening are shown in Table S 5 (Supplemental).

Finally, the previously selected compound 3a, 3b, 3e as well as compound 3¢ without the
preliminary prescreening stage were tested in advanced assay against a full panel of about sixty
tumor cell lines at 10-fold dilutions of five concentrations (100, 10, 1, 0.1 and 0.01 puM) 230,
All the tested compounds showed a broad spectrum of growth inhibition activity against human
tumor cells with average Glso/TGlso values 33.64/65.27 (3a), 39.21/82.59 (3b), 46.71/89.79 (3c)

and 17.65/46.41 (3e). Selectivity pattern analysis of cell lines by disease origin can definitely
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affirm selective action of compounds 3a, 3b, 3c and 3e on leukemia cell lines. These compounds
appeared to be most active against selected individual cell lines with the Glso varying from 1.86
to 11.89. Compound 3a was found to be a highly active inhibitor of the colon cancer line HT29,
ovarian cancer line OVCAR-3, prostate cancer line DU-145, breast cancer line HS 578T.
Compound 3b showed selectivity on renal cancer cell line RXF 393, breast cancer cell line
MCF7 and compound 3e was highly active on melanoma cell line SK-MEL-5. The dose-
dependent assay 60 cell line assay is summarized in Tables S 6 and S 7 (Supplemental

Materials).

Empirical SAR study revealed that the presence of substituents in phenyl ring in position
7 of thiopyrano[2,3-d]thiazole core isn’t favorable for anticancer potency. Interestingly, the
introduction of bulky groups in para-position in phenyl ring in position 7 of thiopyrano[2,3-

d]thiazole core is more tolerated than small lipophiles in position 3’ and 4.

Evaluation of antiviral activity
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The synthesized compounds 3b, 3d-h were evaluated for antiviral activity according
antimicrobial acquisition and coordinating facility (AACF) screening program 2234 The
obtained results are summarized in Table S 8 (Supplemental materials). Among tested
compounds 3b, 3e was found to be the most active. Regarding Epstein--Barr virus (EBV), it was
found that compound 3b showed excellent activity (ECso = 0.07 uM, SI = 3279) by VCA Elisa
test and possess moderate activity against Herpes simplex virus 1 (SI = 31) and Varicella zoster
virus (S1 = 34) by viral CPE test. Importingly, compound 3e with their ECs; values in the range
of 12.66 uM and Sl equal to 43.1 was more active than other derivatives against Hepatitis C
virus. In addition, the moderate activity exhibited compound 3g against Varicella zoster virus
(VZV) in HFF cell culture with ECsp values in the range of 23.42 uM and selective index (SI) of
27.2.

EXPERIMENTAL

Chemistry

All materials were purchased from commercial sources and used without purification.
Melting points were measured in open capillary tubes and were uncorrected. The elemental
analyses (C, H, N) were performed using the Perkin--Elmer 2400 CHN analyzer and were within
0.4% of the theoretical values. The *H- and *C-NMR spectra were recorded on Varian Gemini
400 MHz or Bruker 125 MHz for frequencies 100 MHz in DMSO-d6 using tetramethylsilane as
an internal standard. Chemical shifts are reported in ppm units with use of & scale. The purity of

all obtained compounds was checked by TLC.

° ACCEPTED MANUSCRIPT



Downloaded by [Orta Dogu Teknik Universitesi] at 13:07 31 March 2016

ACCEPTED MANUSCRIPT

The starting compounds: 2,4-thiazolidinedione®, 4-thioxo-2-thiazolidinone®! were
obtained according to methods described previously. 5-Arylidene-4-thioxo-2-thiazolidinones
(2a-h) were prepared under Knoevenagel condensation condition: A mixture of 4-thioxo-2-
thiazolidinone (10 mmol), appropriate substituted benzaldehyde (10 mmol) in the ethanol
medium in the presence of catalytic amount of EDDA was boiled for 10 min. Obtained solid
product were collected by filtration and used without further purification. The Supplemental

Materials contains sample *H and **C NMR spectra for products 3a-h (Figures S 1 -- S 16)

General procedure of hetero-Diels-Alder reaction affording 3a-3h

A mixture of appropriate 5-arylidene-4-thioxo-2-thiazolidinone (10 mmol) and acrolein (11
mmol) was refluxed for 1 h with a catalytic amount of hydroquinone (2--3 mg) in glacial acetic
acid (10 mL), then left overnight at room temperature. The precipitated crystals were filtered off,

washed with methanol (5--10 mL), and recrystallized from ethanol (10--15 mL).

rel-(6R,7R)-7-Phenyl-2-0x0-3,5,6,7-tetrahydro-2H-thiopyrano[2,3-d][1,3]thiazole-6-

carbaldehyde (3a). Yield 65%, mp 186-187°C. *H NMR (400 MHz, DMSO-dg): § 2.95 (t, J =
13.4 Hz, 1H, 5-H), 2.95 (dd, J = 2.4, 13.4 Hz, 1H, 5-H), 3.40 (m, 1H, 6-H), 4.71 (d, J = 4.5 Hz,
1H, 7-H), 7,15-7,35 (m, 5H, arom.), 9.74 (s, 1H, CHO), 11.48 (s, IH, NH). *C NMR (100 MHz,
DMSO-de): 6 35.9 (5-C), 44.1 (7-C), 55.6 (6-C), 109.9, 114.5, 121.3, 130.4, 145.4, 154.8, 171.3
(C =0), 201.7 (CHO). Calcd. for C13H;1NO,S;: C, 56.30; H, 4.00; N, 5.05; Found: C, 56.32; H,

4.01; N, 5.04%.

rel-(6R,7R)-7-(4-Methoxyphenyl)-2-0x0-3,5,6,7-tetrahydro-2H-thiopyrano[2,3-d]thiazole-6-

carbaldehyde (3b). Yield 74%, mp 207-208°C. *H NMR (400 MHz, DMSO-de): & 3.03 (t, J =
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13.0 Hz, 1H, 5-H), 3.12 (d, J = 12.3 Hz, 1H, 5-H), 3.28 (m, 1H, 6-H), 3.86 (s, 3H, OCH3), 4.60
(d, J=4.5Hz, 1H, 7-H), 6.82 (d, J = 8.8 Hz, 2H, arom.), 7.11 (d, J = 8.8 Hz, 2H, arom.), 9.72 (s,
1H, CHO), 11.22 (s, 1H, NH). *C NMR (100 MHz, DMSO-dg): & 22.2 (5-C), 38.3 (7-C), 51.6
(OCHs), 55.6 (6-C), 105.5, 114.5, 121.3, 130.3, 130.4, 131.9, 159.2, 171.3 (C = 0), 201.7

(CHO). Calcd. for C14H13NOsS;: C, 54.70; H, 4.26; N, 4.56; Found: C, 54.72; H, 4.24; N, 4.54%.

rel-(6R,7R)-7-(3,4-Dimethoxyphenyl)-2-ox0-3,5,6,7-tetrahydro-2H-thiopyrano[2,3-

d]thiazole-6-carbaldehyde (3c). Yield 56%, mp 197-198°C. *H NMR (400 MHz, DMSO-ds): &
3.04 (t, J = 13.0 Hz, 1H, 5-H), 3.16 (d, J = 12.3 Hz, 1H, 5-H), 3.70 (s, 3H, OCHs), 3.72 (s, 3H,
OCHa), 4,01 (m, 1H, 6-H), 4.52 (d, J = 4.5 Hz, 1H, 7-H), 6.69 (d, J = 8.2 Hz, 1H, arom.), 6.71 (s,
1H, arom.), 6.85 (d, J = 8.2 Hz, 1H, arom.), 9.45 (s, 1H, CHO), 11.44 (s, 1H, NH). 3C NMR
(100 MHz, DMSO-de): & 23.7 (5-C), 38.3 (7-C), 49.4 (OCHs), 52.4 (OCH3), 55.6 (6-C), 109.9,
1145, 124.5, 129.8, 131.9, 134.7, 141.6, 162.0, 171.7 (C = O), 202.1 (CHO). Calcd. for

CisH1sNO4S;: C, 53.40; H, 4.48; N, 4.15; Found: C, 53.42; H, 4.47; N, 4.14%.

rel-(6R,7R)-7-{2-[(2-Chlorobenzyl)oxy]-5-nitrophenyl}-2-oxo0-3,5,6,7-tetrahydro-2H-

thiopyrano[2,3-d][1,3]thiazole-6-carbaldehyde (3d). Yield 57%, mp 237-238°C. 'H NMR
(400 MHz, DMSO-dg): & 3.19 (dd, J = 2.4, 13.8 Hz, 1H, 5-H), 3.34 (m, 1H, 5-H), 3.44 (dd, J =
4.8,13.8 Hz, 1H, 6-H), 4.75 (d, J = 4.4 Hz, 1H, 7-H), 5.33 (d, J = 12.1 Hz, 1H, CH,),5.38 (d, J =
12.1 Hz, 1H, CH,), 7.38-7.44 (m, 3H, arom.), 7.52 (d, J = 7,2 Hz, 1H, arom.), 7.61 (d, J = 7.2
Hz, 1H, arom.), 7.89 (s, 1H, arom.), 8.26 (d, J = 8.9 Hz, 2H, arom.), 9.63 (s, 1H, CHO), 11.53 (s,
1H, NH). *C NMR (100 MHz, DMSO-dg): & 32.4 (5-C), 32.7 (7-C), 49.2 (6-C), 68.8 (CHb,),

102.2, 113.4, 122.4, 125.4, 125.8, 128.0, 130.1, 130.5, 130.8, 131.6, 133.0, 133.8, 141.6, 160.7,
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171.0 (C = O), 200.5 (CHO). Calcd. for C,oH1sCIN,0sS,: C, 51.89; H, 3.27: N, 6.05; Found: C,

51.87; H,3.28; N, 6.04%.

rel-(6R,7R)-7-[4-(Benzyloxy)phenyl]-2-0x0-3,5,6,7-tetrahydro-2H-thiopyrano[2,3-

d][1,3]thiazole-6-carbaldehyde (3¢). Yield 75%, mp 218-219°C. *H NMR (400 MHz, DMSO-
de): & 3.02 (t, J = 13.0 Hz, 1H, 5-H), 3.13 (dd, J = 2.0, 13.0 Hz, 1H, 5-H), 3.32 (m, 1H, 6-H),
4.69 (d, J = 4.7 Hz, 1H, 7-H), 5.05 (d, J = 8.4 Hz, 2H, CH,), 7.11 (d, J = 8.4 Hz, 2H, arom.),
7.39-7.43 (m, 5H, arom.), 9.75 (s, 1H, CHO), 11,48 (s, 1H, NH). *C NMR (100 MHz, DMSO-
dg): & 28.8 (5-C), 32.4 (7-C), 49.2 (6-C), 69.9 (CH,), 113.4, 123.2, 128.0, 130.5, 132.2, 133.0,
133.8, 141.6, 149.9, 163.4, 171.0 (C = O), 200.5 (CHO). Calcd. for C»H17NO3S;: C, 62.64; H,

4.47; N, 3.65; Found: C, 62.63; H, 4.48; N, 3.64%.

rel-(6R,7R)-7-[4-(Difluoromethoxy)-3-methoxyphenyl]-2-oxo0-3,5,6,7-tetrahydro-2H-

thiopyrano[2,3-d][1,3]thiazole-6-carbaldehyde (3f). Yield 55%, mp 196-197°C. *H NMR (400
MHz, DMSO-ds): & 3.02 (t, J = 13.4 Hz, 1H, 5-H), 3.13 (d, J = 13.4 Hz, 1H, 5-H), 3.32 (m, 1H,
6-H), 3.82 (s, 3H, OCH3), 4.34 (d, J = 4.7 Hz, 1H, 7-H), 6.68 (s, 1H, OCHF,), 6.76 (d, J = 8.7
Hz, 1H, arom.), 6.88 (s, 1H, OCHF>), 7,11-7.11 (m, 2H, arom.), 9.60 (s, 1H, CHO), 11.33 (s,1H,
NH). *C NMR (100 MHz, DMSO-dg): & 23.5 (5-C), 37.9 (7-C), 51.9 (OCH3), 56.5 (6-C), 104.2,
113.6, 117.3, 120.8, 121.2, 121.7, 141.3, 151.3, 171.1 (C = 0), 200.7 (CHO). Calcd. for

CisH13F2NO4S;: C, 48.25; H, 3.51; N, 3.75; Found: C, 48.23; H, 3.52; N, 3.74%.

rel-(6R,7R)-7-(4-tert-Butylphenyl)-2-ox0-3,5,6,7-tetrahydro-2H-thiopyrano[2,3-
d][1,3]thiazole-6-carbaldehyde (3g). Yield 72%, mp 226-227°C. *H NMR (400 MHz, DMSO-

de): & 1.25 (c, 9H, 3CHa), 2,96 (t, J = 13.4 Hz, 1H, 5-H), 3.19 (d, J = 13.4 Hz, 1H, 5-H), 3.40 (m,

* ACCEPTED MANUSCRIPT



Downloaded by [Orta Dogu Teknik Universitesi] at 13:07 31 March 2016

ACCEPTED MANUSCRIPT

1H, 6-H), 4.69 (d, J = 4.6 Hz, 1H, 7-H), 7.34 (d, J = 8.3 Hz, 2H, arom.), 7.38 (d, J = 8.3 Hz, 2H,
arom.), 9.76 (s, 1H, CHO), 11.50 (s, 1H, NH). 3C NMR (100 MHz, DMSO-ds): & 31.7 (CHa),
31.8 (5-C), 34.8, 38.6, 105.2, 121.4, 126.0, 129.0, 137.1, 150.5, 171.3 (C = 0), 201.7 (CHO).

Calcd. for C17H19NO,S,: C, 61.23; H, 5.74; N, 4.20; Found: C, 61.22; H,5.72; N, 4.21%.

rel-(6R,7R)-7-(4-1sopropylphenyl)-2-oxo-3,5,6,7-tetrahydro-2H-thiopyrano[2,3-

d][1,3]thiazole-6-carbaldehyde (3h). Yield 70%, mp 211-212°C. *H NMR (400 MHz, DMSO-
dg): & 1.20 (d, J = 6.9 Hz, 6H, 2*CHs), 2.86 (m, 1H, CH), 3.02 (t, J = 13.4 Hz, 1H, 5-H), 3.13 (d,
J =13.4 Hz, 1H, 5-H), 3.32 (m, 1H, 6-H), 4.65 (d, J = 4.7 Hz, 1H, 7-H), 7.09 (d, J = 8.8 Hz, 2H,
arom.), 7.15 (d, J = 8.8 Hz, 2H, arom.), 9.73 (s, 1H, CHO), 11.33 (s,1H, NH). *C NMR (100
MHz, DMSO-dg): 6 22.2 (CHg), 34.9 (5-C), 49.4, 51.6, 58.5, 114.5, 121.3, 130.8, 132.1, 160.2,
171.3 (C = O), 202.6 (CHO). Calcd. for C16H17NO,S,: C, 60.16; H, 5.36; N, 4.38; Found: C,

60.15; H,5.37; N, 4.37%.
Primary anticancer assay.

Primary anticancer assay was performed on a panel of approximately sixty human tumor
cell lines derived from nine neoplastic diseases, in accordance with the protocol of the Drug

Evaluation Branch, National Cancer Institute, Bethesdal?" "],
Methods for evaluation of antiviral activity.

Primary antiviral assay was performed at a biodefense virus’s panel and a respiratory
virus’s panel [Flu A (H5N1), Flu B, SARS] with a protocol of the NIAID’s antimicrobial

acquisition and coordinating®®**!.
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CONCLUSION

We have achieved a convenient protocol for the synthesis of thiopyrano[2,3-d]thiazole-6-
carbaldehydes via regio- and diastereoselective hetero-Diels-Alder reaction of 5-arylidene-4-
thioxo-2-thiazolidinone with acrolein. The synthesized compounds ware assessed for their
antitumor and antiviral capacities. The preliminary results allowed to identify the most active
compound 3a with mean Glso/TGlsg values 33.64/65.27 uM in the NCI 60 cell-line assay with
certain sensitivity profile towards the leukemia SR cell line (Glso/TGI values 0.89/6.88 uM). The
7-(4-methoxyphenyl)-2-oxo-7-phenyl-3,5,6,7-tetrahydro-2H-thiopyrano[2,3-d]thiazole-6-

carbaldehyde 3b (ECsp = 0.07 uM, SI = 3279) has shown the best antiviral activity against
Epstein--Barr virus in Daudi cell cultures and compound 3e (ECsp = 12.66 uM, SI = 43.1) was
the most active against Hepatitis C virus than the other derivatives. Overall, the biological tests
revealed the necessity for further investigations the antitumor and antiviral potential of tested

compounds for the construction of novel chemical entities with better pharmacological profiles.
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Figure 1. Structures of biologically active thiopyrano[2,3-d]thiazoles.
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Figure 2. X-ray crystal structure (ORTEP plot) of one of twelve symmetry-independent

molecules of 3h and the atom-labeling scheme.
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Scheme 1. Synthesis of rel-(6R,7R)-2-0x0-7-phenyl-3,5,6,7-tetrahydro-2H-thiopyrano[2,3-
d]thiazole-6-carbaldehydes. Reagents, conditions and yields: (a) dioxane, reflux 3h, 60%; (b)

EDDA, EtOH, reflux 10 min; (c) AcOH, reflux 1h.
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