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Abstract

Here, we report a novel, green, simple, low-cost, and rapid methodology for the high-yield
production of pyran-2,4-dione scaffolds under microwave irradiation. Regio- and
stereoselective conversions of S-diketone systems into f-enaminones were achieved using 18

primary amines and four amino acid esters. Microwave-assisted further cyclization of 3-(j-
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substitutedvinyl)-6-phenyl-pyran-2,4-dione into 3-benzoyl-4,7-diphenyl-2H,5H-pyrano[4,3-

b]pyran-2,5-dione via reaction with ethyl benzoyl acetate.
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Introduction

Pyrone nucleus is extensively found in nature.’® Molecules containing pyrone ring exhibit a
wide range of pharmaceutical properties such as cytotoxic,* antitumor,>® and antimicrobial
activity.” 4-Hydroxy-2H-pyran-2-one, is a core structure of triacetic lactone and is utilized as
a building block in synthetic chemistry. Another representative example of pyrone class
compounds, kavalactones, possess many biological activities such as antituberculosis, anti-
inflammatory, analgesic, anticonvulsant, antimalarial, local anesthetic, sleep-inducing, and
sedative activities.®# Furthermore, pyrone compounds have been reported to have
pharmacological usefulness as selective COX-2 inhibitors*!3 and HIV protease inhibitors.**
16, As another representative example, photopyrones occur naturally in Photorhabdus
luminescens; they been investigated as signaling molecules in the cell-cell communication
system of this bacterium.!” Many other compounds in nature have the structural feature of a
pyrone scaffold; indeed, Schaberle!® reported a wide range of biologically active metabolites
in a 2016 review.

Several methods have been reported for the synthesis of 2-pyrones which mostly include an
expensive catalyst. For example 2-pyrones could be obtained from: 3-iodoacrylic acid and
terminal acetylenes using PdClz(PPhs)z and Cul,**? cyclo-isomerization of 3-ethynyl-indole-

2-carboxylic acid in the presence of gold(l1l) chloride,? allenyl propiolates and terminal



alkynes catalyzed using gold(l) catalyst,?>? annulation of alkynes by acrylic acid promoted
by ruthenium(I1),%* Baylis-Hillman adducts,® 1,2-allenyl ketones and electron-withdrawing
group substituted acetates using a base catalyst,?®2’ and aryl-4,4,4-trifluorobutane-1,3-diones,
PCls, and sodium diethyl malonate.?

Developing a direct method for the simple, efficient, and green construction of
particular heterocyclic motifs that makes use of available materials remains an ongoing
challenge for chemists from both a synthetic and mechanistic perspective. Among the many
available construction strategies,?®3" microwave-assisted synthesis of heterocyles is perhaps
the most promising. Herein, we introduce a novel and simple method for the synthesis of
substituted pyran-2,4-dione and its conversion into S-enamino-pyran-2,4-diones. Importantly,
this method could be applied to any p-ketoester for the production of biologically and

photochemically active motifs.

Results and Discussion

Microwave-assisted synthesis of a substituted pyran-2,4-dione 1 in one step from ethyl
benzoyl acetate is shown in Scheme 1. When the reaction was conducted under microwave
irradiation without a catalyst, the product was obtained with a chemical yield of <5%; when
acetic acid was used as a promoter, the yield improved to 62%. Compound 1 can exist in four
possible prototropic tautomeric forms: 1(A-D) as shown in Scheme 1. The NMR of 1 was
recorded in two deuterated solvents, CDCls (nonpolar solvent) and DMSO-ds (polar solvent),
which revealed that only two tautomeric transformations were present and the structure was
highly dependent on solvent polarity. In CDCls, the *H NMR of 1 showed the hydroxy1 group
proton at 15.97 ppm and the ortho- protons of the two phenyl groups at 7.93 and 7.72 ppm,
respectively. In the same solvent, the **C NMR showed, in addition to the phenyl carbons, six

carbons at 200.31, 180.92, 166.04, 160.20, 99.54, and 98.12 ppm. In DMSO-ds, the *H NMR
3



did not show the hydroxyl group signal, while the ortho- protons of the two phenyl groups

were found together at 7.92—7.87 ppm. The 3C NMR in the same solvent also displayed, in

addition to the phenyl carbons, six carbons at 193.40, 170.91, 161.83, 161.22, 102.59, and

98.47 ppm. This NMR data suggests that 1 is present solely in the exocyclic ketone (benzoyl)

tautomer A in a nonpolar solvent, whereas the unique exocyclic enol tautomer B is favored in

a polar solvent. In a solid state, the crystal structure shows that compound 1 exists exclusively

in the tautomer A as well as the non-polar solvent (Scheme 1) (CCDC No. 2034810).
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Scheme 1: Synthesis and possible tautomeric isomers of substituted pyran-2,4-dione 1.

p-amination of (E)-3-(hydroxy(phenyl)methylene)-6-phenyl-2H-pyran-2,4(3H)-dione

(1) was achieved directly by a reaction with a set of aromatic amines, including aniline, 4-

chloroaniline, 4-bromoaniline, p-phenylenediamine, m-toluidine, o-toluidine, 4-aminophenol,

3-aminophenol, p-anisidine, and o-anisidine, in ethanol to give excellent yields of the

corresponding S-enamino-pyran-2,4-diones 2-11 (Scheme 2).
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Scheme 2: Reaction of compound 1 with aromatic amines to give the f-enamino-pyran-2,4-

diones 2-11.

In addition, compound 1 was reacted with ammonium acetate and a set of aliphatic amines
including cyclohexylamine, ethanolamine, n-butylamine, allylamine, and benzylamine; in this
reaction, the amination produced the respective f-enamino-pyran-2,4-diones 12-17 (Scheme
3) exclusively, which were present in the E-form that was stabilized by the H-bond with the

pyrandione carbonyl oxygen and amine NH (C4-O ... NH).
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Scheme 3. Reaction of compound 1 with ammonium acetate and aliphatic amines to

give S-enaminopyran-2,4-diones 12-17.

In addition, the reaction of the pyran-2,4-dione 1 with 1,2-diaminoethane and 1,3-

diaminopropane produced the bis(#-enamino-pyran-2,4-diones) 18 and 19 (Scheme 4).
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Scheme 4. Reaction of compound 1 with diamines to produce the bis(s-enamino-pyran-2,4-

diones) 18 and 19.

In another reaction, (E)-3-(hydroxy(phenyl)methylene)-6-phenyl-2H-pyran-2,4(3H)-
dione (1) was reacted with the amino-acid methyl ester hydrochlorides of glycine, S-alanine,
valine, and leucine in pyridine and stirring overnight to produce a good yields of the -

enamino-pyran-2,4-diones 20-23 (Scheme 5) of the relative amino-acid methyl esters.
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Scheme 5. Reaction of the enol 1 with amino-acid methyl ester hydrochlorides.



Finally, microwave irradiation methodology was extended to convert (E)-3-
(hydroxy(phenyl)methylene)-6-phenyl-2H-pyran-2,4(3H)-dione 1 to 3-benzoyl-4,7-diphenyl-
2H,5H-pyrano[4,3-b]pyran-2,5-dione 24 via a reaction with ethyl benzoylacetate in acetic
acid for 15 min. The final product was believed to proceed by condensation followed by a

subsequent intramolecular cyclization (Scheme 6).

Scheme 6. Microwave-assisted condensation and intramolecular cyclization of 3-benzoyl-4,7-

diphenyl-2H,5H-pyrano[4,3-b]pyran-2,5-dione (24).

Conclusion

In conclusion, the method reported here is a simple and green microwave-assisted strategy for
the synthesis of p-substitutedvinyl-pyran-2,4-dione from ethyl benzoylacetate. A direct
regioselective f-amination of the exocyclic enol-pyran-2,4-dione produced excellent yields of
S-enamino-pyran-2,4-diones. Further cyclization of pyran-2,4-dione 1 with another molecule
of ethyl benzoylacetate in microwave produced fused pyrano[4,3-b]pyran-2,5-dione system

24. Importantly, these transformations can produce highly functionalized, substituted,
8



exocyclic pyran-2,4-diones and p-enamino-pyran-2,4-diones from low-cost commercial

substrates.

Supporting Information

The experimental procedure for the synthesis of the target compounds along with copies of *H

and *C NMR spectra and x-ray data are supplied as Supporting Information.

Acknowledgments

The authors would like to extend their sincere appreciation to the Researchers Supporting

Project Number (RSP-2020/64), King Saud University, Riyadh, Saudi Arabia.

ORCID

Ahmed A.M. Sarhan: 0000-0002-6486-1761
Matti Haukka: 0000-0002-6744-7208
Assem Barakat: 0000-0002-7885-3201

Ahmed T. A. Boraei: 0000-0003-3832-1275

References

1. Moreno-Manas, A.J.M.; Pleixats, R., Adv. Heterocycl. Chem.1992, 53, 1.

2. McGlacken, G.P.; Fairlamb, 1.J.S., Nat. Prod. Rep., 2005, 22, 3609.

3. Beckert, C.; Horn, C.; Schnitzler, J. P.; Lehning A, Phytochem., 1997, 44, 275.

4. Calderon-Montafio, J. M.; Burgos-Morén, E.; Orta, M. L.; Pastor, N.; Austin, C. A,;
Mateos, S.; Lopez-Lazaro, M. Toxicol. Lett. 2013, 222, 64.

5. Suzuki, K.; Kuwahara, A.; Yoshida, H.; Fujita, S.; Nishikiori, T.; Nakagawa, T. J.

Antibiot. 1997, 50, 314.



10.

11.

12.

13.

14.

15.

16.

17.

Kondoh, M.; Usui, T.; Kobayashi, S.; Tsuchiya, K.; Nishikawa, K.; Nishikiori, T.;
Mayumi, T.; Osada, H. Cancer Lett. 1998, 126, 29.

Fairlamb, I. J. S.; Marrison, L. R.; Dickinson, J. M.; Lu, F.-J.; Schmidt, J. P. Bioorg.
Med. Chem. 2004, 12, 4285.

Altomane, C.; Perrone, G.; Zonno, M.C., Cere. Res. Commun., 1997, 25, 349.

Scherer, J. Adv. Ther., 1998, 15, 261.

Bilia, A.R.; Gallon, S.; Vincieri. F.F., Life Sci, 2002, 70, 2581.

Ernst. E., J. Clin. Pharmacol., 2007, 64, 415.

Yeh, P.-P.; Daniels, D. S. B.; Cordes, D. B.; Slawin, A. M. Z.; Smith, A. D. Org. Lett.
2014, 16, 964.

Liaw, C.-C.; Yang, Y.-L.; Lin, C.-K.; Lee, J.-C.; Liao, W.-Y.; Shen, C.-N.; Sheu, J.-
H.; Wu, S.-H. Org. Lett. 2015, 17, 2330.

Thaisrivongs, S.; Romero, D. L.; Tommasi, R. A.; Janakiraman, M. N.; Strohbach, J.
W.; Turner, S. R.; Biles, C.; Morge, R. R.; Johnson, P. D.; Aristoff, P. A.; Tomich, P.
K.; Lynn, J. C.; Horng, M.-M.; Chong, K.-T.; Hinshaw, R. R.; Howe, W. J.; Finzel, B.
C.; Watenpaugh, K. D. J. Med. Chem. 1996, 39, 4630.

Poppe, S. M.; Slade, D. E.; Chong, K. T.; Hinshaw, R. R.; Pagano, P. J.; Markowitz,
M.; Ho, D. D.; Mo, H.; Gorman, R. R., Ill; Dueweke, T. J.; Thaisrivongs, S.; Tarpley,
W. G. Antimicrob. Agents Chemother. 1997, 41, 1058.

Turner, S. R.; Strohbach, J. W.; Tommasi, R. A.; Aristoff, P. A.; Johnson, P. D.;
Skulnick, H. I.; Dolak, L. A.; Seest, E. P.; Tomich, P. K.; Bohanon, M. J.; Horng, M.-
M.; Lynn, J. C.; Chong, K.-T.; Hinshaw, R. R.; Watenpaugh, K. D.; Janakiraman, M.
N.; Thaisrivongs, S. J. Med. Chem. 1998, 41, 3467.

Brachmann, A. O.; Brameyer, S.; Kresovic, D.; Hitkova, I.; Kopp, Y.; Manske, C.;

Schubert, K.; Bode, H. B.; Heermann, R. Nat. Chem. Biol. 2013, 9, 573.

10



18.

19.

20.

21.

22.

)

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Till F. Schéberle, Beilstein J. Org. Chem. 2016, 12, 571.

Wang, Y.; Burton, D. J. J. Org. Chem. 2006, 71, 3859-3862.

Yu, Y.; Huang, L.; Wu, W.; Jiang, H. Org. Lett. 2014, 16, 2146-2149.

Praveen, C.; Ayyanar, A.; Perumal, P.T. Bioorg. Med. Chem. Lett. 2011, 21, 4170—
4173.

Luo, T.; Schreiber, S. L. Angew. Chem. Int. Ed. 2007, 46, 8250-8253.

Luo, T.; Dai, M.; Zheng, S. L.; Schreiber, S. L. Org. Lett. 2011, 13, 2834-2836.
Ackermann, L.; Pospech, J.; Graczyk, K.; Rauch, K. Org. Lett. 2014, 16, 652—655.
Kim, S. J.; Lee, H. S.; Kim, J. N. Tetrahedron Lett. 2007, 48, 1069-1072.

Ma, S.; Yu, S.; Yin, S. J. Org. Chem. 2003, 68, 8996-9002.

Ma, S.; Yin, S.; Li, L.; Tao, F. Org. Lett. 2002, 4, 505-507.

Usachev, B. I.; Obydennov, D. L.; Roschenthaler, G. V.; Sosnovskikh, VV.Y. Org. Lett.
2008, 10, 2857-2859.

Gilli, P.; Bertolasi, V.; Ferretti, V.; Gilli, G. J. Am. Chem. Soc. 2000, 122, 10405.
Amar, A.; Meghezzi, H.; Boucekkine, A.; Kaoua, R.; Kolli, B. C. R. Chimie., 2010,
13, 553-560.

Uz arevic’, K.; ilovic’, I.; Bregovic’, N.; Tomis“ic’, V.; Matkovic'-C~alogovic’, D.;
Cindric”; M. Chem. Eur. J. 2011, 17, 10889.

Uz arevic’, K.; Halasz, I.; ilovic’, I.; Bregovic’, Rubcic’, M. N.; Matkovic-
Cralogovic’, D.; Tomis"ic, V. Angew. Chem. Int. Ed. 2013, 52, 5504.

Dias, L.; Demuner, A.; Valente, V.M.M.; Barbosa, L.C.A.; Martins, F.T.; Doriguetto,
A.C.; Ellena, J. J. Agric. Food Chem. 2009, 57, 1399.

Baldwin, A. G.; Bevan, J.; Brough, D.; Ledder, R.; Freeman, S. Med. Chem. Res.

2018, 27, 884.

11



35. Stojkovi¢, D. L.; Jevti¢, V. V.; Vukovi¢, N.; Vukié, M.; Canovi¢, P.; Zari¢, M. M.;
Misi¢, M. M.; Radovanovi¢, D. M.; Baski¢, D.; Trifunovié¢, S. R. J. Mol. Stru., 2018,
1157, 425.

36. Kuo, P.-Y.; Yang, D.-Y. J. Org. Chem. 2008, 73, 6455.

37.1i¢, D. R.; Jevti¢c, V.V.; Radi¢, G. P.; Arsikin, K.; B.; Risti¢, B.; Harhaji-Trajkovi¢, L.;
Vukovi¢, N.; Sukdolak, S.; Klisuri¢, O.; Trajkovi¢, V.;Trifunovi¢, S. R. Eur. J. Med. Chem.,

2014, 74, 502.

Conflicts of Interest

“The authors declare no conflict of interest.”

Highlights
— A novel synthetic approach to pyran-2,4-dione scaffold.
— Microwave-assisted dimerization, and cyclization to afford pyran-2,4-dione.
—  Expeditious regioselective conversion f-diketone systems into S-enamino-pyran-2,4-
diones.
— Cyclization of 3-(8-substitutedvinyl)-6-phenyl-pyran-2,4-dione into 3-benzoyl-4,7-

diphenyl-2H,5H-pyrano[4,3-b]pyran-2,5-dione.
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