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Abstract
We have developed a tandem hetero-Diels—Alder-hemiacetal reaction using arylidene
pyruvic acids with 5-(ortho-hydroxybenzylidene)-substituted 4-thioxo-2-thiazolidinones,
leading to 6-hydroxy-2-oxo-5-phenyl-3,5a,6,11b-tetrahydro-2H,5H-
chromeno[4°,3°:4,5]thiopyrano[2,3-d][1,3]thiazole-6-carboxylic acids. The
stereochemistry of cycloaddition was confirmed by NMR spectra and a single crystal X-

ray diffraction analysis:

f\r/\)\wz Ho0c I;E =0 HOO &

HO HO\T

AcOH, hydroquinone

rel(55, 5aR.11bR)-isomer rel-(SR, 5a8,11bR)-isomer
KEYWORDS: 5-ylidene-4-thioxo-2-thiazolidinones, thiopyrano[2,3-d][1,3]thiazoles,

hetero-Diels-Alder reaction, tandem reactions
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INTRODUCTION
The construction of multiple carbon-carbon bonds in a single chemical step represents a
particularly efficient approach to the synthesis of complex molecular structures. In
support of this view, the hetero-Diels-Alder reaction had particularly evolved as an
efficient route to wide range of polycyclic compounds.t*™ The thiopyrano[2,3-d]thiazoles
constructed on this principle formed a central skeleton of many compounds which are
known for their anticancer, antimicrobial, antiinflammatory, and antitrypanosomal
activity.[**® A particular interest in the synthesis of these heterocyclic systems includes
the study of hetero-Diels—Alder reactions and related tandem processes. Earlier we
reported the diastereoselective tandem acylation-heterg-Diels-Alder reaction of 5-
arylidene-4-thioxo-2-thiazolidinones (5-arylideneisorhodanines) with ortho-phenolic
group at arylidene moiety and o,-unsaturated carboxylic acids derivatives providing
2H,5H-chromeno[4°,3":4,5]thiopyrano[2,3-d]thiazoles formation.!">*"! As a consequence,
we decided to investigate the reaction between 5-(ortho-hydroxybenzylidene)-substituted
isorhodanines and arylidene pyruvic acids (APAs) as dienophiles. The classical regio-
and diastereoselective hetero-Diels—Alder reaction between 5-arylideneisorhodanines
(without ortho-phenolic group at arylidene moiety) and APAs providing novel rel-
(5R,6S,7S)-2-0x0-5,7-diaryl-3,5,6,7-tetrahydro-2H-thiopyrano[2,3-d]thiazol-6-yl-oxo-
acetic acids has been already reported in our research before. Furthermore, previously
synthesized compounds could be employed as templates for search of biologically active
compounds.™ Hence, the aim of the presented Letter was the synthesis of new 2H,5H-
chromeno[4°,3°:4,5]thiopyrano[2,3-d]thiazoles via a novel hetero-Diels-Alder-hemiacetal

reaction.
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RESULTS AND DISCUSSION
Combination of highly reactive sulfur atom at the 4™ position and methylidene group in
position 5 in 5-arylideneisorhodanines allows them to be used as highly active
heterodiene components in hetero-Diels-Alder reactions.!*! Thus, the starting 5-(2-
hydroxybenzylidene)-4-thioxo-2-thiazolidinones 1a-b were synthesized via Knoevenagel
condensation (ethanol medium in the presence of ethylendiaminediacetate).™ The APAs
were synthesized by the reaction of the corresponding aromatic aldehyde with a pyruvic
acid in aqueous methanol solution.’® The reactions between 5-(2-hydroxybenzylidene)-
4-thioxo-2-thiazolidinones 1a-b and arylidene pyruvic acids 2a-c followed by the tandem
hetero-Diels-Alder and hemiacetal formation processes, affording tetracyclic fused 6-
hydroxy-2-oxo-5-phenyl-3,5a,6,11b-tetrahydro-2H,5H-
chromeno[4°,3°:4,5]thiopyrano[2,3-d][1,3]thiazole-6-carboxylic acids 3a-d/3a-d

(Scheme 1).

Moreover, the stereochemical features of final products were predicted by the *H NMR
spectra. In particular, we have observed that the use of APAs in the hetero-Diels-Alder
reaction with 5-(2-hydroxybenzylidene)-4-thioxo-2-thiazolidinones 1a-b proved to be
regio- and moderate stereoselective yielding the mixture of rel-(5S,5aR,11bR) and rel-
(5R,5aS,11bR)-annulated diastereisomers. This reaction leads to a 2:1 diastereomeric
ratio of cycloadducts 3a-d and 3a-d. Considering this fact, the reaction can occur through
endo or exo transition states, leading in each case to a distinct stereochemical relationship
between the protons at the C-5, C-5a, and C-11b positions of the adducts. In this case, the

addition is predominantly exo was caused by the steric properties of arylidene pyruvic
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acids as dienophiles in the hetero-Diels-Alder reaction. This statement is based on
equatorial-pseudoaxial interactions of protons 5, 5a and 11b and established from the
coupling constants value of the endo-isomer within the range of 6.0-6.4 Hz and exo-
isomer within 4.0 Hz. In addition, the structure of adducts 3a/3a was established by X-

ray crystallography (Fig. 1).

Thus, the X-ray analysis of 3a/3a showed that two isomers of 6-hydroxy=2-o0xo-5-phenyl-
3,5a,6,11b-tetrahydro-2H,5H-chromeno[4°,3°:4,5]thiopyrano[2,3-d][1,3]thiazole-6-
carboxylic acid are presented in the crystal with the site occupancy factor of 0.942 (3a)
and 0.058 (3a). In molecule 3a dihydrothiopyrane and-dihydropyrane rings are cis while
in molecule 3a trans-fused. The torsion angles H7-C7—-C16-H16 and H7’-C7’-C16°—
H16” amount to 55° and -149°, respectively. Mareover, an inversion of configuration at
C6 is observed (Fig. 1).

EXPERIMENTAL
All starting materials were purchased from commercial sourses and used without
purification. Melting points are uncorrected and were measured in open capillary tubes
on a Buchi B-545 melting-point apparatus. The *H NMR spectra were recorded on a
Varian Gemini 400-MHz instrument and **C NMR spectra on Varian Mercury-400 100-
MHz instrument in dimethylsulfoxide (DMSO-ds) with tetramethylsilane (TMS) as an
internal standard [chemical shift values are reported in parts per million (ppm) units,
coupling constants (J) are in hertz]. The elemental analyses (C, H, N) performed on the
Perkin-EImer 2400 CHN analyzer were within £0.4% of the theoretical values. Mass

spectra were obtained on the Varian 1200L instrument.
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The starting compounds: 2,4-thiazolidinedione ', 4-thioxo-2-thiazolidinone™ were
obtained according to methods described previously. 5-Ylidene-4-thioxo-2-
thiazolidinones (1a-1b) were prepared by treating 4-thioxo-2-thiazolidinone with the
corresponding aldehydes and refluxed for 10 min in the ethanol medium in the presence

of catalytic amount of EDDA according to published procedures.

General Procedure Of Diels-Alder And Tandem Reactions Affording-3a-D/3a-D.
A mixture of appropriate 5-arylidene-4-thioxo-2-thiazolidinone 1a-b (5 mmol) and
arylidene pyruvic acid 2a-c (5.5 mmol) was refluxed for 1 h with.a catalytic amount of
hydroguinone (2-3 mg) in 15 ml of glacial acetic acidand left.overnight at room
temperature. The precipitated crystals were filtered off, washed with ethanol, and

recrystallized from appropriate solvent.

rel-(5S,5aR,11bR)- and rel-(5R,5aS,11bR)-6-Hydroxy-2-oxo-5-phenyl-3,5a,6,11b-
tetrahydro-2H,5H-chromeno[4°,3’:4,5]thiopyrano|2,3-d][1,3]thiazole-6-carboxylic
acid (3a/3a). Yield 80%, mp 218-220°C (DMF:AcOH). *H NMR (400 MHz, DMSO-ds):
04.11(d, 1H, J=6.0 Hz, 11b-H, 3a), 4.34 (dd, 1H,J =9.6, 11.5 Hz, 5a-H, 3a), 4.51 (d,
1H,J =6.0Hz, 5-H, 3a), 4.56 (d, 1H, J = 11.5 Hz, 5-H, 3a), 4.78 (d, 1H, J = 4.0 Hz, 11b-
H,.3a), 4.85(dd, 1H, J = 4.0, 11.5 Hz, 5a-H, 3a), 6.87 (t, 1H, J = 7.4 Hz, arom.), 7.03 (d,
1H,J=7.4 Hz,arom.),7.11 (t, 1H, J = 7.4 Hz, arom.), 7.22-7.30 (m, 5H, arom., OH),
7.39 (d, 2H, J = 7.0 Hz, arom.), 11.57 (s, 1H, NH). *C NMR (100 MHz, DMSO-de): &

31.01, 45.52,47.91, 96.62, 108.09, 120.01, 121.37, 126.62, 128.22, 128.55, 128.77,
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129.23,131.43, 137.15, 150.44, 160.37, 169.33, 170.37. Anal. Calcd for CH1sNOsS;:

C, 58.10; H, 3.66; N, 3.39. Found: C, 58.12; H, 3.65; N, 3.40. ESI-MS m/z 413 (M+H)".

SUPPLEMENTAL MATERIAL
Structural characterization, spectral data for synthesized compounds 3b-d/3b-d, crystal
data and refinement details for 3a/3a for this article can be accessed on the publisher’s

website.

Crystallographic data (CCDC-1401842 for molecules 3a/3a) have been deposited at the

Cambridge Crystallographic Database Centre (www.cede.cam.ac.uk).

REFERENCES
1. Tietze, L. F.; Rackelmann, N. Pure Appl. Chem. 2004, 76, 1967-1983.
2. Tietze, L. F.; Bell, H. P.; Chandrasekhar, S. Angew. Chem. Int. Ed. 2003, 42,
3996-4028.
3. Denmark, S.‘E.; Maon, Y. C.; Senanayake, C. B. W. J. Am. Chem. Soc. 1990,
112, 311-315.
4, Balalaie, S.; Azizian, J.; Shameli, A.; Bijanzadeh, H. R. Synth. Commun. 2013,
43,1787-1795.
5. Ceulemans, E.; Voets, M.; Emmers, S.; Uytterhoeven, K.; Van Meervelt, L.;
Dehaen, W. Tetrahedron, 2002, 58, 531-544.
6. Matiychuk, V. S.; Lesyk, R. B.; Obushak, M. D.; Gzella, A.; Atamanyuk, D. V.;

Ostapiuk, Y. V.; Kryshchyshyn, A. P. Tetrahedron Lett. 2008, 49, 4648-4651.



Downloaded by [New Y ork University] at 04:08 04 August 2015

7. Bryhas, A. O.; Horak, Y. I.; Ostapiuk, Y. V.; Obushak, M. D.; Matiychuk, V. S.
Tetrahedron Lett. 2011, 52, 2324-232.

8. Kryshchyshyn, A.; Atamanyuk, D.; Lesyk, R. Sci. Pharm. 2012, 80, 509-529.

9. Lesyk, R. B.; Zimenkovsky, B. S. Curr. Org. Chem. 2004, 8, 1547-1577.

10.  Lesyk, R. B.; Zimenkovsky, B. S.; Kaminskyy, D. V.; Kryshchyshyn, A. P.;
Havryluk, D. Ya.; Atamanyuk, D. V.;Subtel’na, I. Yu.; Khyluk, D. V. Biopolym. Cell.
2011, 27,107-117.

11.  Atamanyuk, D.; Zimenkovsky, B.; Atamanyuk, V.; Nektegayev, l.;Lesyk, R. Sci.
Pharm. 2013, 81, 423-436.

12.  Lozynskyi, A.; Zimenkovsky, B.; Lesyk, R. Sci. Pharm. 2014, 82, 723-733.

13.  Atamanyuk, D.; Zimenkovsky, B.; Atamanyuk, V.; Lesyk, R. Synth. Commun.
2014, 44, 237-244.

14.  Atamanyuk, D.; Zimenkovsky, B.; Lesyk, R. J. Sulfur Chem. 2008, 29, 151-162.
15.  Zelisko, N.; Atamanyuk, D.; Vasylenko, O.; Grellier, P.; Lesyk, R. Bioorg. Med.
Chem. Lett. 2012, 22, 7071-7074.

16.  Kaminskyy, D.; Vasylenko, O.; Atamanyuk, D.; Gzella, A.; Lesyk, R. Synlett,
2011, 10, 1385-1388.

17.  Zelisko, N.; Atamanyuk, D.; Vasylenko, O.; Bryhas, A.; Matiychuk, V.; Gzella,
A:; Lesyk, R. Tetrahedron. 2014, 70, 720-729.

18.  Lozynskyi, A.; Zimenkovsky, B.; Nektegayev, I.; Lesyk, R. Heterocycl. Commun.
2015, 21, 55-59.

19.  Komaritsa, I. D.; Baranov, S. N.; Grishuk, A. P. Khim. Geterotsikl. Soedin. 1967,

4, 664.



Downloaded by [New Y ork University] at 04:08 04 August 2015

20.  Allais, C.; Constantieux, T.; Rodrigues, J. Synthesis. 2009, 15, 2523-2530.
21.  Turkevych, N. M.; Vvedenskij V. M.; Petlichnaya L. P. Ukr. Khim. Zh. (Russ.

Ed.) 1961, 27, 680.



Downloaded by [New Y ork University] at 04:08 04 August 2015

Scheme 1. Synthesis of rel-(5S, 5aR, 11bR) and rel-(5R, 5aS, 11bR)- 6-hydroxy-2-0x0-5-

phenyl-3,5a,6,11b-tetrahydro-2H,5H-chromeno[4°,3”:4,5]thiopyrano[2,3-d][1,3]thiazole-

6-carboxylic acids 3a-d/3a-d.
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Figure 1. The alternative molecules (3a/3a) (ORTEP plot) in the same monocrystal

(Figure is provided in color online).
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