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Abstract:



A new quercetin derivative, 3,5-di(-O-acetyl)-3′,4′,7-tri[-O-(2-O-acetylethyl)]-quercetin, was synthesized. The structure of the target compound was characterized by IR, 1H NMR, 13C NMR and MS.
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1. Introduction


Quercetin (3,3',4',5,7-pentahydroxyflavone) and its derivatives have a wide range of biological activity, such as antioxidant [1,2,3,4], anticarcinogenesis [5,6,7,8,9,10], vasodilatation [11,12,13], inhibition of various enzymes [14,15,16], UV-shielding properties [17,18], etc. Troxerutin (trihydroxy-ethylrutoside), which serves as a drug, is known as a radical scavenger with antioxidant effects, so that treatment with it increases the healing of capillary endothelial defects [19]. Thus, the synthesis of quercetin derivatives is of considerable importance. For instance, modifications can increase fat-solubility and stability of the molecule. The compound may be useful as an intermediate to synthesize other relevant compounds. Here, we would like to report a convenient procedure for the preparation of 3,5-di(-O-acetyl)- 3′,4′,7-tri[-O-(2-O-acetylethyl)]quercetin.




2. Structural Characterization


1H NMR (Bruker 300 MHz, CDCl3): δH 7.45 (d, J = 9.0 Hz, 1 H, 6′-H), 7.40 (s, 1 H, 2′-H), 7.00 (d, J = 9.0 Hz, 1 H, 5′-H), 6.87 (s, 1 H, 8-H), 6.65 (s, 1 H, 5-H), 4.46 (s, 6 H, 3 × OCH2), 4.27 (s, 6 H, 3 × OCH2 ), 2.42 (s, 3 H, COCH3 ), 2.31 (s, 3 H, COCH3 ), 2.10 (s, 9 H, 3 × COCH3) ppm. 13C NMR (75 MHz, CDCl3): 170.85, 170.76, 169.99, 169.44, 167.86, 162.45, 157.96, 154.38, 151.42, 150.82, 148.50, 133.27, 123.12, 122.96, 115.35, 114.17, 111.36, 108.83, 99.52, 67.93, 67.26, 66.75, 62.71, 62.53, 62.08, 21.05, 20.77, 20.58 ppm. IR (Bruker Tensor 27, KBr): 3453, 1760, 1636, 1384 cm−1. ESI-MS: m/z 645.6 (M+ +1). Elemental Anal. (Perkin Elmer PE 2400 II CHNS/O): calcd for C31H32O15 (644.59): C, 57.76; H, 5.00; O, 37.23. Found: C, 57.8; H, 5.0; O, 37.2.




3. Experimental


Ethylene oxide (6.60 g, 150 mmol) was added dropwise over a period of 6 h to a mixture of rutin (12.21 g, 20 mmol) and NaOH (0.28 g, 7 mmol) in 100 mL of H2O with continuous stirring at 75 °C. The pH value of the mixture was adjusted to 4.0 by concentrated hydrochloric acid, then the yellow solid that was formed was collected by filtration, washed with cold water, and dried under vacuum to give compound 1. The purity was sufficient for use in the next step.



A mixture of compound 1 (7.42 g, 10 mmol) and H2SO4 (1%, 500 mL) was stirred under reflux for 2 h (reaction progress was checked by TLC). After cooling, the pH value of the mixture was adjusted to 4.5 by sodium hydroxide solution, then the yellow solid that was formed was collected by filtration, washed with cold water, and dried under vacuum to give compound 2.



To a mixture of compound 2 (2.17 g, 5 mmol) and acetic anhydride (50 mL, 530 mmol) was added H2SO4 (93%, 5 drops), and the mixture was stirred at room temperature for 24 h (reaction progress was checked by TLC). The precipitate was collected by filtration, washed with cold water, and recrys-tallized from EtOH/H2O to give 2.10 g (65.2%) of compound 3 as white powder, m.p. 95.9–97.2 °C.








Supplementary materials

Supplementary File 1Supplementary File 2Supplementary File 3



Acknowledgements


The authors are grateful to Zhixian Liu and Lixin Yu for determinations of NMR, IR and elemental analysis.




References


	1. 
Ameho, C.K.; Chen, C.Y.; Smith, D.; Sánchez-Moreno, C.; Milbury, P.E.; Blumberg, J.B. Antioxidant activity and metabolite profile of quercetin in vitamin-E-depleted rats. J. Nutr. Biochem. 2008, 7, 467–474. [Google Scholar] [CrossRef] [PubMed]

	2. 
Mi, Y.; Zhang, C.; Li, C.; Taneda, S.; Watanabe, G.; Suzuki, A.K.; Taya, K. Quercetin attenuates oxidative damage induced by treatment of embryonic chicken spermatogonial cells with 4-nitro-3-phenylphenol in diesel exhaust particles. Biosci. Biotechnol. Biochem. 2010, 5, 934–938. [Google Scholar] [CrossRef] [PubMed]

	3. 
Pádua Bda, C.; Silva, L.D.; Rossoni Júnior, J.V.; Humberto, J.L.; Chaves, M.M.; Silva, M.E.; Pedrosa, M.L.; Costa, D.C. Antioxidant properties of Baccharis trimera in the neutrophils of Fisher rats. J. Ethnopharmacol. 2010, 3, 381–386. [Google Scholar] [CrossRef] [PubMed]

	4. 
Fan, S.H.; Zhang, Z.F.; Zheng, Y.L.; Lu, J.; Wu, D.M.; Shan, Q.; Hu, B.; Wang, Y.Y. Troxerutin protects the mouse kidney from d-galactose-caused injury through anti-inflammation and anti-oxidation. Int. Immunopharmacol. 2009, 1, 91–96. [Google Scholar] [CrossRef] [PubMed]

	5. 
Dihal, A.A.; Tilburgs, C.; van Erk, M.J.; Rietjens, I.M.; Woutersen, R.A.; Stierum, R.H. Pathway and single gene analyses of inhibited Caco-2 differentiation by ascorbate-stabilized quercetin suggest enhancement of cellular processes associated with development of colon cancer. Mol. Nutr. Food Res. 2007, 8, 1031–1045. [Google Scholar] [CrossRef] [PubMed]

	6. 
Vargas, A.J.; Burd, R. Hormesis and synergy: Pathways and mechanisms of quercetin in cancer prevention and management. Nutr. Rev. 2010, 7, 418–428. [Google Scholar] [CrossRef] [PubMed]

	7. 
Suh, D.K.; Lee, E.J.; Kim, H.C.; Kim, J.H. Induction of G(1)/S phase arrest and apoptosis by quercetin in human osteosarcoma cells. Arch. Pharm. Res. 2010, 5, 781–785. [Google Scholar] [CrossRef] [PubMed]

	8. 
Bae, J.H.; Kim, J.Y.; Kim, M.J.; Chang, S.H.; Park, Y.S.; Son, C.H.; Park, S.J.; Chung, J.S.; Lee, E.Y.; Kim, S.H.; Kang, C.D. Quercetin enhances susceptibility to NK cell-mediated lysis of tumor cells through induction of NKG2D ligands and suppression of HSP70. J. Immunother. 2010, 4, 391–401. [Google Scholar] [CrossRef] [PubMed]

	9. 
Ying, B.W.; Yang, T.; Song, X.B.; Hu, X.B.; Fan, H.; Lu, X.J.; Chen, L.J.; Cheng, D.Y.; Wang, T.; Liu, D.S.; Xu, D.; Wei, Y.Q.; Wen, F.Q. Quercetin inhibits IL-1 beta-induced ICAM-1 expression in pulmonary epithelial cell line A549 through the MAPK pathways. Mol. Biol. Rep. 2009, 36, 1825–1832. [Google Scholar] [CrossRef] [PubMed]

	10. 
Borska, S.; Sopel, M.; Chmielewska, M.; Zabel, M.; Dziegiel, P. Quercetin as a potential modulator of P-glycoprotein expression and function in cells of human pancreatic carcinoma line resistant to daunorubicin. Molecules 2010, 2, 857–870. [Google Scholar] [CrossRef] [PubMed]

	11. 
Bobe, G.; Albert, P.S.; Sansbury, L.B.; Lanza, E.; Schatzkin, A.; Colburn, N.H.; Cross, A.J. Interleukin-6 as a potential indicator for prevention of high-risk adenoma recurrence by dietary flavonols in the polyp prevention trial. Cancer Prev. Res. (Phila Pa) 2010, 6, 764–775. [Google Scholar] [CrossRef] [PubMed]

	12. 
Ortega, M.G.; Saragusti, A.C.; Cabrera, J.L.; Chiabrando, G.A. Quercetin tetraacetyl derivative inhibits LPS-induced nitric oxide synthase (iNOS) expression in J774A.1 cells. Arch. Biochem. Biophys. 2010, 2, 105–110. [Google Scholar] [CrossRef] [PubMed]

	13. 
Khoo, N.K.; White, C.R.; Pozzo-Miller, L.; Zhou, F.; Constance, C.; Inoue, T.; Patel, R.P.; Parks, D.A. Dietary flavonoid quercetin stimulates vasorelaxation in aortic vessels. Free Radic. Biol. Med. 2010, 3, 339–347. [Google Scholar] [CrossRef] [PubMed]

	14. 
Chan, A.L.; Huang, H.L.; Chien, H.C.; Chen, C.M.; Lin, C.N.; Ko, W.C. Inhibitory effects of quercetin derivatives on phosphodiesterase isozymes and high-affinity [3H]-rolipram bind in ginguinea pig tissues. Invest. New Drugs 2008, 26, 417–424. [Google Scholar] [CrossRef] [PubMed]

	15. 
Vidhya, A.; Indira, M. Protective effect of Quercetin in the regression of ethanol-induced hepatotoxicity. Indian J. Pharm. Sci. 2009, 5, 527–532. [Google Scholar]

	16. 
Sarikaya, S.B.; Gülçin, I.; Supuran, C.T. Carbonic anhydrase inhibitors: Inhibition of human erythrocyte isozymes I and II with a series of phenolic acids. Chem. Biol. Drug Des. 2010, 5, 515–520. [Google Scholar] [CrossRef] [PubMed]

	17. 
Daimon, T.; Hirayama, C.; Kanai, M.; Ruike, Y.; Meng, Y.; Kosegawa, E.; Nakamura, M.; Tsujimoto, G.; Katsuma, S.; Shimada, T. The silkworm Green b locus encodes a quercetin 5-O-glucosyltransferase that produces green cocoons with UV-shielding properties. Proc. Natl. Acad. Sci. USA 2010, 25, 11471–11476. [Google Scholar] [CrossRef] [PubMed]

	18. 
Olson, E.R.; Melton, T.; Dickinson, S.E.; Dong, Z.; Alberts, D.S.; Bowden, G.T. Quercetin potentiates UVB-Induced c-Fos expression: Implications for its use as a chemopreventive agent. Cancer Prev. Res. (Phila Pa). 2010, 7, 876–884. [Google Scholar] [CrossRef] [PubMed]

	19. 
Robak, J.; Gryglewski, R.J. Flavonoids are scavengers of superoxid anions. Biochem. Pharmacol. 1988, 37, 837–841. [Google Scholar] [CrossRef]








[image: Molbank 2010 m703 sch001 550]





Scheme 1. Synthesis of 3,5-di(-O-acetyl)-3′,4′,7-tri[-O-(2-O-acetylethyl)]quercetin. 
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