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Abstract 

New acetylated β-glycosides of fused pyridocoumarins are synthesized in good to very good yields from 
hydroxy-substituted fused pyridocoumarins and 2,3,4,6-tetra-O-acetyl-α-D-glycopyranosyl bromide or 2,3,4,6-

tetra-O-acetyl-α-D-galactopyranosyl bromide by the Koenigs and Knorr method using silver oxide. β-Glycosides 
of coumarins are also synthesized. The starting hydroxy derivatives of fused pyridocoumarins are prepared in 

excellent yield by the three-component reaction of amino hydroxycoumarin with n-butyl vinyl ether under 
iodine catalysis. The antioxidant ability of the title compounds, as well as their ability to inhibit soybean LOX 

and their antiproliferative activity against HeLa, MCF7 and MDA-MB-231 cancer cells have been examined.  
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Introduction 
 

Coumarin derivatives, found in many natural products or synthetically prepared, present interesting biological 

activities such as anti-HIV, anti-inflammatory, antioxidant, antitumor, antimicrobial, antidiabetic, anti-

Alzheimer, antihypertensive, antitubercular, antiproliferative, antimalarial, neuroprotective and, antibiotic 

activity.1-9 A lot of coumarins are present in nature as β-glycosides and they have been isolated from diverse 

natural sources. Some β-glycosides of monosaccharides are depicted in Figure 1. Skimmin (I) is the main 

component of Hydrangea Paniculata extracts reducing the progression of diabetic nephropathy due to their 

antioxidant and anti-inflammatory activities.10 Rhodonetin (II), a β-galactoside, is isolated from the aerial parts 

of Rhododendron lepidotum, which is used against headache.11 Daphnin (III) is, also, isolated from the same 

plant and exhibited antibacterial activity.12 Esculin (IV) is a main active component of Cortex fraxini, a 

traditional Chinese medicine with excellent anti-inflammatory and antioxidant activities.13 Chichoriin (V) is 

isolated from Taraxacum officinale and the herb of Hieracium pilosella L. and is active against the key proteins 

of SARS-CoV-2 virus.14 Scopolin (VI), a main constituent of the stems of Erycibe obtusifolia Benth, has 

presented anti-obesity effects by preventing adipocyte differentiation and weight gain in mice.15 Fraxin (VII) 

was extracted from the leaves of Weigela florida var. glabra and it was found to protect cells from oxidative 

stress.16 Isofraxetin-6-O-β-D-glucopyranoside (VIII) was isolated from the husks of Xanthoceras sorbifolia and 

it was reported to be a natural neuroinflammatory inhibitor.17 Eleutheroside B1 (IX) is one of the major active 

components of Acanthopanax senticosus used as an adaptogenic substance.18  

Interesting biological properties are also observed by fused heterocyclic coumarins.3,5-7 Among these, 

fused pyridocoumarins are also present in nature.. Goniothaline A (X) and goniothaline B (XI) (Fig. 1) are 

isolated from Goniothalamus Australis, and evaluated for their antimalarial activity.19 Polynemoraline C (XII) is 

extracted from the leaves and branches of Polyalthia nemoralis A DC and exhibited anti-inflammatory, 

antitumor, anticholinergic, and antimicrobial activities.20 Ganocochliarine F (XIII) was found in Ganoderma 

cochlear and tested for its activity against renal fibrosis.21 Santiagonamine (XIV) was isolated from the extracts 

of Berberis darwinii Hook exhibiting wound-healing activity.22 

 Fused pyridocoumarins are synthesized starting mainly from aminocoumarins under Skraup, Skraup-

Doebner von Miller, Povarov, and Friedlander reaction conditions.7,9 Multi-Component (MCR), and Metal-

catalyzed reactions are, also, in use for the synthesis of these compounds. O-Glycosides are synthesized 

mostly from carbohydrate derivatives bearing a leaving group in the anomeric position.23,24 Starting from the 

pioneering works of A. Michael,25 and E. Fischer26 for the glycosylation of phenols and alcohols using 2,3,4,6-

tetra-O-acetyl-α-D-glucopyranosyl chloride, and free glycose, respectively, there is a huge progress in the 

methods for the synthesis of glycosides. The Koenigs and Knorr method utilizes glycosyl bromides and Ag2CO3 

or Ag2O for the synthesis of β-glycosides.27 In the modification of this method by Helferich, mercury salts are 

used.28 In the Lemieux method, the glycosyl bromides in the presence of Et4N+ Br- led to α-glycosides.29 Τhe 

synthesis of glycosides is achieved, also, by replacing halides with other leaving groups such as imidate, 

trichloroacetimidate, trifluoroacetimidate, thioether, o-alkynyl benzoate, O-benzoxazolyl imidates or 

phosphate.30-33 
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Figure 1. Natural coumarin β-glycosides and fused pyridocoumarins with biological activity. 

 

The last decade, we have reported the synthesis and biological evaluation of fused pyridocoumarins,34-36 

as well as other coumarin derivatives, and hybrids.37-41 As part of our ongoing interest in the synthesis and 

biological evaluation of new coumarin derivatives, we report herein the synthesis of new β-glycosides of fused 

pyridocoumarins following the above mentioned Koenigs and Knorr method. The reactions studied and the 

synthesized products are depicted in Scheme 1.  

 

 

Results and Discussion 
 

At first, we tested the synthesis of β-glycosides of coumarins as they are presented in Scheme 1. The reaction 

of 2,3,4,6-tetra-O-acetyl-α-D-glycopyranosyl bromide (1a)42 with 6-hydroxycoumarin (2a) under treatment 

with Ag2O in MeCN at rt in the absence of light, under argon atmosphere, for 4 d resulted in coumarin’s β-

glycoside 3a in 45% yield. A similar reaction of 1a with 7-hydroxycoumarin (2b) for 24 h led to the β-glycoside 

3b in 88% yield, while the reaction of 1a with 8-hydroxycoumarin (2c)43 gave 3c in 84% yield. From these three 

compounds only 3b was known, but here the yield of the synthesis is better using 1.5 equivalents of Ag2O than 

1.2 equivalent.44 For the elucidation of the structure of 3a-c 1H-NMR, 13C-NMR and gHSQC-NMR experiments 

were performed. The anomeric carbon for compounds 3a-c is at 99.6, 98.3, and 101.1 ppm, while the 



Arkivoc 2023 (vii) 202312085  Christou, C. et al. 

 

 Page 4 of 16 ©AUTHOR(S) 

corresponding proton resonates at 5.08 (d, J=7.4 Hz, 1H), 5.17 (d, J=7.7 Hz, 1H), and 4.74 (d, J=8.0 Hz, 1H), 

respectively, revealing an axial-axial coupling of the protons and the β-substitution for the coumarin moiety. 

 

 
 

Scheme 1. Synthesis of β-glycosides of coumarins and fused pyridocoumarins. 

 

        The reaction of 2,3,4,6-tetra-O-acetyl-α-D-galactopyranosyl bromide (1b)42 with hydroxycoumarins 2a-c 

under the similar Koenigs and Knorr conditions led to the new coumarin β-glycosides 3d-f, in 53%, 65%, and 

90% yield, respectively (Scheme 1). These glycosides have the β-conformation as the coupling constant of 

anomeric proton is 8.1, 8.1, and 6.7 Hz, respectively, revealing an axial-axial coupling with the nearby proton. 

       After the successful synthesis of β-glycosides of coumarins, we continued with the synthesis of β-

glycosides of fused pyridocoumarins (Scheme 1). The reactions of glycopyranosyl bromide 1a with 6-hydroxy-
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8-methyl-3H-pyrano[3,2-f]quinolin-3-ones 4a,b45 in the presence of Ag2O, in CH3CN, in the absence of light, 

under argon atmosphere resulted in the synthesis of β-glycopyranosides 5a,b in 60% and 58% yield, 

respectively (Table 1, entries 1,2). According to 1H-NMR, 13C-NMR and gHSQC-NMR experiments, the anomeric 

carbons of 5a,b resonate at 100.1 and 101.6 ppm, respectively, while the corresponding proton shift is 

presented at 5.41 (d, J=8.8 Hz, 1H) and 5.37 (d, J=6.2 Hz, 1H) ppm, showing an axial-axial coupling of the 

protons and the β-conformation for these glycosides. The analogous reactions of galactopyranosyl bromide 1b 

with hydroxy compounds 4a,b gave β-glycosides 5c,d in 71% and 72% yield, respectively (Table 1, entries 3,4). 

The coupling constants J for the anomeric protons were 7.9 Hz and 8.0 Hz, respectively. 

The similar Koenigs and Knorr reactions of glycopyranosyl bromide 1a with the new 10-hydroxy-2H-

pyrano[3,2-g]quinoline-2-ones 6a,b led to the synthesis of β-glycopyranosides 7a,b in 71% and 68% yield, 

respectively (Table 1, entries 5,6). The β-glycopyranosides 7c,d were synthesized from the reactions of 

bromide 1b with quinolinones 6a,b in 84% and 88% yield, respectively (Table 1, entries 7,8). The coupling 

constant J of anomeric protons of 7a-d was 7.4-7.7 Hz, revealing the β-conformation of glycosides. The 

starting compounds 8-methyl-10-hydroxy-2H-pyrano[3,2-g]quinoline-2-one (6a) and 4,8-dimethyl-10-hydroxy-

2H-pyrano[3,2-g]quinoline-2-one (6b) were prepared in 86% and 85% yield from 7-amino-8-

hydroxycoumarin46 and 7-amino-8-hydroxy-4-methylcoumarin,47 respectively, by the three-component 

reaction with n-butyl vinyl ether in the presence of 10% iodine in CH3CN under reflux, following our recent 

published procedure.45 7-Amino-8-hydroxycoumarin was prepared by the reduction of 8-hydroxy-7-

nitrocoumarin (synthesized by treatment of 8-hydroxycoumarin48 with KNO3 in H2SO4 solution in an ice bath) 

with H2 in the presence of 10% Pd/C in 98% yield.  

We have examined, also, the reactions of 6-hydroxy-8-methyl-2H-pyrano[2,3-f]quinolin-2-one (8) with 

the glycosyl bromides 1a,b, which resulted in the β-glycosides 11a,b in 81% and 62% yield, respectively (Table 

1, entries 9,10). In the above products the coupling constant J of anomeric protons was 7.0-7.9 Hz, revealing 

the β-conformation of glycosides. 

 In the case of β-glycosides of fused pyridocoumarins the yield is lower for the 7-substituted 

derivatives. This is possibly due to the diminished activity of 7-hydroxy group from the conjugation to the 

pyranone carbonyl.   

            

Table 1. Synthesis of  β-glycosides of fused pyridocoumarins 5a-d, 7a-d, 9a,b 

Entry 
Reacting  

Compounds 
Reaction Conditions Product (Yield, %) 

1 1a, 4a (1.2 equiv.) Ag2O (1.5 equiv.), CH3CN, r.t., Ar, 24 h 5a (60) 

2 1a, 4b(1.2 equiv.) Ag2O (1.5 equiv.), CH3CN, r.t., Ar, 24 h 5b (58) 

3 1b, 4a (1.2 equiv.) Ag2O (1.5 equiv.), CH3CN, r.t., Ar, 48 h 5c (71) 

4 1b, 4b (1.2 equiv.) Ag2O (1.5 equiv.), CH3CN, r.t., Ar, 48 h 5d (72) 

5 1a, 6a (1.2 equiv.) Ag2O (1.5 equiv.), CH3CN, r.t., Ar, 24 h 7a (71) 

6 1a, 6b (1.2 equiv.) Ag2O (1.5 equiv.), CH3CN, r.t., Ar, 24 h 7b (68) 

7 1b, 6a (1.2 equiv.) Ag2O (1.5 equiv.), CH3CN, r.t., Ar, 24 h 7c (84) 

8 1b, 6b (1.2 equiv.) Ag2O (1.5 equiv.), CH3CN, r.t., Ar, 24 h 7d (88) 

9 1a, 8 (1.2 equiv.) Ag2O (1.5 equiv.), CH3CN, r.t., Ar, 24 h 9a (81) 

10 1b, 8 (1.2 equiv.) Ag2O (1.5 equiv.), CH3CN, r.t., Ar, 24 h 9b (62) 
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Since skimmin (I),10 esculetin (IV),13 fraxin (VII),16 and isofraxetin-6-O-β-D-glucopyranoside (VIII)17 are 

known for their antioxidant and antiinflammatory activities, we decided to test the synthesized compounds as 

antioxidants and antiinflammatory agents through their ability to inhibit soybean lipoxygenase (Table 2). We 

used the water soluble azo compound AAPH protocol to evaluate their antilipid peroxidation ability in vitro. 

The role of reactive oxygen species is well known in the induction of oxidative stress and inflammatory 

disorders. In addition, NDGA and Trolox were included in the study as standards for comparison.  

 

Table 2. In vitro activities of compounds: Lipoxygenase inhibition (LOX%); inhibition of lipid peroxidation (ILP 

%) 

Entry Compounds  LOX inhibition 

(% at 100 μM) 
ILP (% at 100 μM)  

1 3a na 26.8 

2 3b na na 

3 3c na 47 

4 3d 22 na 

5 3e na 10 

6 3f na 13 

7 5a na 49 

8 5b na na 

9 5c 70 70 

10 5d 37 na 

11 7a na 68.6 

12 7b 41 28.5 

13 7c 5.5 48 

14 7d 65 na 

15 9a na 23.5 

16 9b na 9.3 

17 NDGA 88 nt 

18 Trolox nt 91 

Values are means of three or four different 

determinations. na= no activity under the experimental 

conditions. Means within each column differ significantly 

(p < 0.05). nt = Not determined. 

 

  The water-soluble azo compound AAPH has been extensively used as a clean and controllable source to 

produce alkylperoxyl free radicals by heating. The % inhibition of lipid peroxidation, using the APPH assay, for 

the examined compounds is shown in Table 2. 3a, 3e, 3f, 7b, 9a and 9b were found to be weak inhibitors of 

lipid peroxidation (9.3-28.5%), whereas 3b, 5b, 3d, 5d and 7d were found inactive under the reported 

experimental conditions. On the contrary, the 5c followed by 7a showed the highest antioxidant activities. 3c 

and 7c showed moderate equipotent activity. In general, it seems that among the coumarin-β-glycosides the 

position of glycosidation plays an important role. The 6-/7-derivatives are less potent antioxidants compared 

to the 8-derivatives. Among the pyridocoumarin-β-glycosides the 7- and 8-derivatives are more potent, 
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whereas the 6-analogues present moderate activity. The stereochemistry of molecules 5a and 5b significantly 

influences activity. No role for lipophilicity was defined.  

The lipoxygenase (LOX) is one of the enzymes implicated in the first two steps in the metabolism of 

arachidonic acid to leukotrienes.  The generation of LTB4 is important in the pathogenesis of neutrophil-

mediated inflammatory diseases related to the severity of cardiovascular diseases, asthma, and cancer. 

Published results suggest the relationship between LOX inhibition and the ability of the inhibitors to reduce 

Fe3+ at the active site to the catalytically inactive Fe2+. However, alternative mechanisms suggest that most of 

the LOX inhibitors are antioxidants or free radical scavengers. Perusal of the % inhibition values (Table 2) show 

that 5c and 7d were found to be more potent. Between them it is important that 5c presents the higher 

antilipid peroxidation activity.Thus, the most potent inhibitor is 5c followed by 7d and then the 7b and 5d. It 

seems that the galactosides of the pyridocoumarins 5c and 7d present better activities.  

 Next, the cytotoxic activity of the above more potent compounds 5c, 5d, 7b, 7d was examined. The 

cervical cancer cell line HeLa and two breast cancer cell lines MCF7 and MDA-MB-231 were used to assess the 

cytotoxic activity of the compounds at a concentration range of 2.5−100 μM for 48 h by using the colorimetric 

method MTT.  The results were expressed as EC50 (the concentration that results in 50% loss of cell viability). 

The data from the experiments are presented in Table 3. Treatment of both breast cancer cells with all tested 

compounds exhibited no cytotoxicity after 48 h, while 7b, 5c, 7d had a rather limited effect against HeLa cells 

with EC50 values ranging from 72 to 86 μM. 

 

Table 3. Half maximal effective concentration (EC50 Values) of 7b, 5c, 5d, 7din HeLa, MCF7 and MDA-MB-231 

cancer cell lines. Results are presented as mean ± SE of three independent experiments 

  EC50 (μΜ) 

Entry Compound HeLa MCF7 MDA-MB-231 

1 7b 76 ± 2.8 >100 >100 

2 5c 72 ± 3.4 >100 >100 

3 5d >100 >100 >100 

4 7d 86 ± 6.3 >100 >100 

 

 

Conclusions 
 

Acetylated β-glycosides of fused pyridocoumarins have been synthesized for a first time in good to very good 

yields from hydroxy-substituted fused pyridocoumarins and 2,3,4,6-tetra-O-acetyl-α-D-glycopyranosyl 

bromide or 2,3,4,6-tetra-O-acetyl-α-D-galactopyranosyl bromide through the Koenigs and Knorr method. The 

starting hydroxy derivatives of fused pyridocoumarins are prepared in excellent yield by the three-component 

reaction of amino hydroxycoumarin with n-butyl vinyl ether under iodine catalysis. The antioxidant ability of 

the title compounds, as well as their ability to inhibit soybean LOX have been examined. The most potent 

inhibitor is 5c, which also presents high antioxidant activity.. It seems that the galactosides of the 

pyridocoumarins 5c and 7d presented better activities, pointed that the presence of OAc substituent in R1 

position influences activity. The tested compounds had a rather limited effect on HeLa, MCF7 and MDA-MB-

231 cancer cells. 
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Experimental Section 
 

General. All the chemicals were purchased from either Sigma–Aldrich Chemie GmbH (Eschenstr. 5, 82024 

Taufkirchen, Germany) or Merck KGAA (Frankfurter Strasse 250, Darmstadt, 64293, Germany). Melting points 

were determined with a Kofler hotstage apparatus and are uncorrected. IR spectra were obtained with a 

Perkin–Elmer Spectrum BX spectrophotometer as KBr pellets. NMR spectra were recorded with an Agilent 

500/54 (DD2) (500 MHz and 125 MHz for 1H and 13C, respectively) using TMS as an internal standard. J values 

are reported in Hz. Mass spectra were determined with an LCMS-2010 EV Instrument (Shimadzu) under 

electrospray ionization (ESI) conditions. HRMS (ESI-MS) were recorded with a ThermoFisher Scientific (168 

Third Avenue, Waltham, MA USA 02451) model LTQ Orbitrap Discovery MS. Silica gel No. 60, Merck KGAA 

(Frankfurter Strasse 250, Darmstadt, 64293, Germany) was used for column chromatography. 6-

hydroxycoumarin and 7-hydroxycoumarin are commercially available. 2,3,4,6-Tetra-O-acetyl-α-D-glycopyrano-

syl bromide (1a) and 2,3,4,6-tetra-O-acetyl-α-D-galactopyranosyl bromide (1b) were prepared according to the 

literature.42 

Biochemical reagents were of analytical grade and purchased from commercial sources (Merck, Merck KGaA, 

Darmstadt, Germany, Fluka Sigma-Aldrich, Laborchemikalien GmbH, Hannover, Germany, Alfa Aesar, 

Karlsruhe, Germany and Sigma, St. Louis, MO, USA). Soybean lipoxygenase, sodium linoleate, 2,2-azobis-(2-

amidinopropane), dihydrochloride (AAPH), and 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide 

(MTT) were obtained from Sigma Chemical, Co. (St. Louis, MO, USA). 

 

8-Hydroxy-7-nitro-2H-chromen-2-one. A solution of 8-hydroxycoumarin (2c) (0.488 g, 3.0 mmol) in 

concentrated H2SO4 (2 mL) was placed in a ice-bath. KNO3 (0.364 g, 3.6 mmol) was then added. The mixture 

was stirred for 15 min at 0ᵒC and for 30 min at room temperature. Then, the mixture was poured in an ice 

solution of 10% Na2CO3 (10 mL). The precipitated solid was filtered, dried under vacuum, and separated by 

column chromatography (silica gel No 60, hexane/EtOAc 2:1 then 1:1 and 1:99) to give from the faster moving 

band 8-hydroxy-7-nitro-2H-chromen-2-one (0.342 g, 55%).Yellow solid, mp 238-240ᵒC (EtOH) (lit.48 mp 224ᵒC), 

1H-NMR (500 MHz, DMSO-d6) δ: 6.68 (d, J 9.3 Hz, 1H), 7.28 (d, J 8.4 Hz, 1H), 7.81 (d, J 8.4 Hz, 1H), 8.09 (d, J 9.3 

Hz, 1H) ; 13C-NMR (125 MHz, DMSO- d6) δ: 117.5, 119.0, 119.7, 122.9, 138.2, 140.8, 143.6, 144.1, 159.1. 

7-Amino-8-hydroxy-2H-chromen-2-one. In a solution of 8-hydroxy-7-nitro-2H-chromen-2-one (90 mg, 0.44 

mmol) in methanol (50 mL) 10% Pd/C (52 mg, 0.05 mmol) was added. The mixture was stirred under 1 atm of 

hydrogen at r. t. for 2 h and filtered. The precipitate was washed with hot methanol (3 x 10 mL) and the filtrate 

was concentrated under reduced pressure to give 7-amino-8-hydroxy-2H-chromen-2-one (76 mg, 98%). Brown 

solid, mp 202-203ᵒC (hexane/EtOAc) (lit.46 mp 199-200ᵒC), 1H-NMR (500 MHz, DMSO- d6) δ: 5.61 (s, 2H), 5.97 

(d, J 9.2 Hz, 1H), 6.61 (d, J 8.3 Hz, 1H), 6.93 (d, J 8.3 Hz, 1H), 7.79 (d, J 9.2 Hz, 1H), 9.22 (brs, 1H). 

10-Hydroxy-8-methyl-2H-pyran[3,2-g]quinoline-2-one (6a). Typical procedure. 7-Amino-8-hydroxycoumarin 

(0.12 g, 0.68 mmol) was dissolved in acetonitrile (4 mL). n-Butyl vinyl ether (261.0 μL, 203.5 mg, 2.03 mmol) 

and iodine (17.2 mg, 0.068 mmol) were, then, added and the resulting mixture was refluxed for 2 h. After 

cooling, the solvent was evaporated and the residue was separated by column chromatography (silica gel No 

60, hexane/EtOAc 1:2) to give 6a (0.141 g, 86%). Brown solid, m.p.232-234ᵒC (CH3COOEt), 1H-NMR (500 MHz, 

CDCl3) δ: 2.77 (s, 3H), 6.48 (d, J 9.5 Hz, 1H), 7.34 (d, J 8.3 Hz, 1H), 7.44 (s, 1H), 7.78 (d, J 9.5 Hz, 1H), 8.10 (d, J 

8.3 Hz, 1H); 13C-NMR (125 MHz, CDCl3) δ: 24.7, 117.5, 117.6, 119.8, 123.1, 123.3, 123.5, 138.0, 139.1, 144.8, 

144.9, 159.9, 160.0; MS (ESI): 228 [M + H]+; HRMS (ESI): Calcd for C13H10NO3 [M + H]+ 228.0662. Found: 

228.0671. 
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10-Hydroxy-4,8-dimethyl-2H-pyran[3,2-g]quinoline-2-one (6b). 81 mg, 85% (from 7-amino-8-hydroxy-4-

methyl-2H-chromen-2-one, 80 mg, 0.42 mmol, n-butyl vinyl ether, 160.3 mL, 125 mg, 1.25 mmol, and I2, 10.2 

mg, 0.042 mmol), brown solid, mp 191-193ᵒC (CH3COOEt), 1H-NMR (500 MHz, CDCl3) δ: 2.48 (s, 3H), 2.71 (s, 

3H), 6.43 (s, 1H), 7.41 (d, J 8.5 Hz, 1H), 7.75 (s, 1H), 8.28 (d, J 8.5 Hz, 1H); 13C-NMR (125 MHz, CDCl3) δ: 18.8, 

25.5, 114.0, 115.5, 120.2, 122.8, 123.0, 137.4, 138.3, 138.7, 138.9, 153.4, 159.7, 159.9; MS (ESI): 242 [M + H]+; 

HRMS (ESI): Calcd for C14H12NO3 [M + H]+  242.0818. Found: 242.0830. 

(2R,3R,4S,5R,6S)-2-(Acetoxymethyl)-6-((2-oxo-2H-chromen-7-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triaceta-

te (3b). Typical procedure. Ag2O (52 mg, 0.225 mmol) was added to a solution of 1a (62 mg, 0.15 mmol) and 

2b (29 mg, 0.18 mmol in dry CH3CN (5 mL) in the absence of light. The mixture was stirred for 24 h. Then, it 

was diluted with EtOAc (5 mL), filtered through a celite pad and washed with EtOAc (3 x 5 mL). The filtrate was 

washed with 10% NaHCO3 (2 x 5 mL), brine (5 mL) and water (5 mL), dried over anhydrous Na2SO4 and 

concentrated under reduced pressure. The residue was separated by column chromatography (silica gel No 

60, hexane/EtOAc 1:1 to 1:2) to give 3b (66 mg, 88%). White solid, mp 130-132ᵒC (hexane), =-13.6 

(c=0.8, CHCl3) ; 1H-NMR (500 MHz, CDCl3) δ: 2.04 (s, 3H), 2.06 (s, 6H), 2.11 (s, 3H), 3.90-3.95 (m, 1H), 4.19 (d, J 

12.3 Hz, 1H), 4.29 (dd, J1 = 5.7 Hz, J2 = 12.3 Hz, 1H), 5.15 (d, J 10. 3 Hz, 1H), 5.17 (d, J 7.7 Hz, 1H), 5.26-5.37 (m, 

2H), 6.31 (d, J 9.5 Hz, 1H), 6.91 (d, J 8.5 Hz, 1H), 6.96 (s, 1H), 7.40 (d, J 8.5 Hz, 1H), 7.65 (d, J 9.5 Hz, 1H) ; 13C-

NMR (125 MHz, CDCl3) δ: 20.5, 20.56, 20.59, 20.7, 61.9, 68.1, 70.9, 72.4, 72.5, 98.3, 104.0, 114.2, 114.4, 114.5, 

129.0, 143,1, 155.4, 159.3, 160.6, 169.2, 169.4, 170.1, 170.6 ; MS (ESI): 515 [M + Na]+; HRMS (ESI): Calcd for 

C23H25O12 [M + H]+ 493.1354. Found: 493.1352. 

(2R,3R,4S,5R,6S)-2-(Acetoxymethyl)-6-((2-oxo-2H-chromen-6-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triaceta-

te (3a). 33 mg, 45% (from 1a, 62 mg, 0.15 mmol and 2a, 29 mg, 0.18 mmol, stirring for 4 d), yellow oil, 1H-NMR 

(500 MHz, CDCl3) δ: 2.04 (s, 3H), 2.05 (s, 3H), 2.07 (s, 3H), 2.08 (s, 3H), 3.86 (ddd, , J1 = 2.4 Hz, J2 = 5.2 Hz, J3 = 

9.9 Hz, 1H), 4.19 (dd, J1 = 2.4 Hz, J2 = 12.3 Hz, 1H), 4.29 (dd, J1 = 5.2 Hz, J2 = 12.3 Hz, 1H), 5.08 (d, J 7.4 Hz, 1H), 

5.18 (t, J 9.4 Hz, 1H), 5.26-5.32 (m, 2H), 6.45 (d, J 9.6 Hz, 1H), 7.10 (d, J 2.7 Hz, 1H), 7.19 (dd, J1 = 2.7 Hz, J2 = 9.0 

Hz, 1H), 7.28 (d, J 9.0 Hz, 1H), 7.63 (d, J 9.6 Hz, 1H) ; 13C-NMR (125 MHz, CDCl3) δ: 20.57, 20.58, 20.6, 20.7, 

61.9, 68.1, 71.1, 72.2, 72.5, 99.6, 115.4, 117.6, 118.0, 119.3, 121.6, 142.7, 150.1, 152.9, 160.5, 169.2, 169.3, 

170.2, 170.4 ; MS (ESI): 515 [M + Na]+; HRMS (ESI): Calcd for C23H25O12 493.1354; [M + H]+.. Found: 493.1353. 

(2R,3R,4S,5R,6S)-2-(Acetoxymethyl)-6-((2-oxo-2H-chromen-8-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triaceta-

te (3c). 62 mg, 84% (from 1a, 62 mg, 0.15 mmol and 2c, 29 mg, 0.18 mmol), yellow oil, =17.46 (c=1.3, 

CHCl3) ; 1H-NMR (500 MHz, CDCl3) δ: 2.01 (s, 3H), 2.03 (s, 3H), 2.07 (s, 3H), 2.08 (s, 3H), 3.72-3.81 (m, 1H), 4.20-

4.31 (m, 2H), 4.74 (d, J 8.0 Hz, 1H), 4.89 (dd, J1 = 3.5 Hz, J2 = 10.3 Hz, 1H), 5.45 (d, J 3.5 Hz, 1H), 5.53 (t, J 9.8 Hz, 

1H), 6.42 (d, J 9.6 Hz, 1H), 7.18 (t, J 8.0 Hz, 1H), 7.25 (d, J 8.0 Hz, 1H), 7.41 (d, J 8.0 Hz, 1H), 7.68 (d, J 9.6 Hz, 

1H) ;  13C-NMR (125 MHz, CDCl3) δ: 20.6, 20.65, 20.67, 20.7, 61.8, 68.3, 70.8, 72.1, 73.1, 101.1, 117.1, 120.1, 

123.5, 123.6, 124.2, 143.3, 143.6, 145.4, 159.7, 169.7, 170.2 (2 x C), 170.9. MS (ESI): 515 [M + Na]+; HRMS 

(ESI): Calcd for C23H25O12 [M + H]+ 493.1354. Found: 493.1355. 

(2R,3S,4S,5R,6S)-2-(Acetoxymethyl)-6-((2-oxo-2H-chromen-6-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triaceta-

te (3d). 22 mg, 53% (from 1b, 82 mg, 0.2 mmol and 2a, 39 mg, 0.24 mmol, stirring for 4 d), yellow oil, 1H-NMR 

(500 MHz, CDCl3) δ: 2.00 (s, 3H), 2.06 (s, 3H), 2.11 (s, 3H), 2.15 (s, 3H), 4.07-4.19 (m, 2H), 4.48 (t, J 6.6 Hz, 1H), 

5.04 (d, J 8.1 Hz, 1H), 5.08 (d, J 4.6 Hz, 1H), 5.10-5.14 (m, 1H), 5.18 (d, J 7.8 Hz, 1H), 6.46 (d, J 8.3 Hz, 1H), 7.11 

(d, J 2.4 Hz, 1H), 7.21 (d, J1 = 2.4 Hz, J2 = 8.0 Hz, 1H), 7.29 (d, J 8.0 Hz, 1H), 7.64 (d, J 8.3 Hz, 1H) ; 13C-NMR (125 

MHz, CDCl3) δ: 20.59, 20.61, 20.66, 20.7, 60.8, 66.5, 68.0, 70.6, 70.7, 100.1, 115.4, 117.6, 118.1, 119.3, 121.7, 

142.4, 150.3, 153.0, 160.6, 170.12, 170.14, 170.3, 170.4 ; MS (ESI): 515 [M + Na]+ ; HRMS (ESI): Calcd for 

C23H25O12 [M + H]+ 493.1354. Found: 493.1356. 
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(2R,3S,4S,5R,6S)-2-(Acetoxymethyl)-6-((2-oxo-2H-chromen-7-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triaceta-

te (3e). 93 mg, 65% (from 1b, 0.12 g, 0.29 mmol and 2b, 57 mg, 0.35 mmol), yellow oil, =10.1 (c=1.8, 

CHCl3) ; 1H-NMR (500 MHz, CDCl3) δ: 2.01 (s, 3H), 2.06 (s, 3H), 2.09 (s, 3H), 2.17 (s, 3H), 4.10-4.14 (m, 1H), 4.16-

4.21 (m, 2H), 5.13 (d, J 8.1 Hz, 1H), 5.14 (t, J 5.2 Hz, 1H), 5.47 (d, J 2.2 Hz, 1H), 5.50 (t, J1 = 9.8 Hz, J2 = 10.2 Hz, 

1H), 6.30 (d, J 9.5 Hz, 1H), 6.91 (dd, J1 = 2.2 Hz, J2 = 8.5 Hz, 1H), 6.96 (s, 1H), 7.40 (d, J 8.5 Hz, 1H), 7.64 (d, J 9.5 

Hz, 1H) ; 13C-NMR (125 MHz, CDCl3) δ: 20.5, 20.60, 20.64, 20.7, 61.4, 66.8, 68.3, 70.6, 71.5, 98.9, 104.1, 114.1, 

114.4, 114.5, 128.9, 124.2, 143.0, 155.4, 159.4, 160.6, 169.3, 170.0, 170.1, 170.4 ; MS (ESI): 515 [M + Na]+, 

HRMS (ESI): Calcd for C23H25O12 [M + H]+ 493.1354. Found: 493.1358. 

(2R,3S,4S,5R,6S)-2-(Acetoxymethyl)-6-((2-oxo-2H-chromen-8-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triaceta-

te (3f). 53 mg, 90% (from 1b, 49 mg, 0.12 mmol and 2c, 24 mg, 0.15 mmol), yellow oil, =-5.1 (c=0.5, 

CHCl3) ; 1H-NMR (500 MHz, CDCl3) δ: 2.02 (s, 3H), 2.03 (s, 3H), 2.20 (s, 3H), 2.26 (s, 3H), 3.98 (t, J 6.7 Hz, 1H), 

4.12-4.20 (m, 1H), 4.25 (dd, J1 = 6.7 Hz, J2 = 11.3 Hz, 1H), 4.97 (d, J 6.7 Hz, 1H), 5.12 (dd, J1 = 3.3 Hz, J2 = 10.5 Hz, 

1H), 5.42 (dd, J1 = 3.3 Hz, J2 = 10.5 Hz, 1H), 5.46 (d, J 3.3 Hz 1H), 6.43 (d, J 9.6 Hz, 1H), 7.18 (t, J 7.9 Hz, 1H), 7.26 

(d, J 8.2 Hz, 1H), 7.44 (d, J 7.9 Hz, 1H), 7.69 (d, J 9.6 Hz, 1H) ; 13C-NMR (125 MHz, CDCl3) δ: 20.6, 20.63, 20.7, 

20.8, 61.2, 66.8, 68.3, 70.6, 71.1, 101.8, 117.2, 120.1, 123.6, 123.9, 124.1, 143.2, 143.7, 145.6, 159.5, 170.10, 

170.11, 170.2, 170.3 ; MS (ESI): 515 [M + Na]+; HRMS (ESI): Calcd for C23H25O12 [M + H]+ 493.1354. Found: 

493.1369. 

(2R,3R,4S,5R,6S)-2-(Acetoxymethyl)-6-((8-methyl-3-oxo-3H-pyrano[3,2-f]quinolin-6-yl)oxy)tetrahydro-2H-

pyran-3,4,5-triyl triacetate (5a). 50 mg, 60% (from 1a, 62 mg, 0.15 mmol and 4a, 41 mg, 0.18 mmol), yellow 

oil, =-2.8 (c=1.2, CHCl3) ; 1H-NMR (500 MHz, CDCl3) δ: 2.06 (s, 3H), 2.07 (s, 6H), 2.14 (s, 3H), 2.76 (s, 3H), 

3.92-4.01 (m, 1H), 4.21-4.35 (m, 2H), 5.21 (t, J 9.5 Hz, 1H), 5.37 (d, J 9.5 Hz, 1H), 5.41 (d, J 8.8 Hz, 1H), 5.53-

5.60 (m, 1H), 6.49 (d, J 9.8 Hz 1H), 7.36 (s, 1H), 7.49 (d, J 8.6 Hz, 1H), 8.30 (d, J 9.8 Hz, 1H), 8.37 (d, J 8.6 Hz, 

1H) ; 13C-NMR (125 MHz, CDCl3) δ: 20.59, 20.64, 20.70, 20.72, 25.2, 61.9, 66.8, 68.3, 70.9, 72.4, 72.6, 100.1, 

105.9, 108.6, 114.3, 123.0, 124.1, 129.7, 137.8, 138.1, 153.6, 155.7, 158.4, 160.6, 169.2, 169.4, 170.2, 170.6 ; 

MS (ESI): 580 [M + Na]+ ; HRMS (ESI): Calcd for C27H28NO12 [M + H]+ 558.1622. Found: 558.1622. 

(2R,3R,4S,5R,6S)-2-(Acetoxymethyl)-6-((1,8-dimethyl-3-oxo-3H-pyrano [3,2-f]quinolin-6-yl)oxy)tetrahydro-

2H-pyran-3,4,5-triyl triacetate (5b). 50 mg, 58% (from 1a, 62 mg, 0.15 mmol and 4b, 43 mg, 0.18 mmol), 

yellow oil, (c=0.55, CHCl3) ; 1H-NMR (500 MHz, CDCl3) δ: 2.03 (s, 3H), 2.05 (s, 3H), 2.13 (s, 3H), 2.18 

(s, 3H), 2.73 (s, 3H), 2.84 (s, 3H), 3.86-3.98 (m, 1H), 4.19-4.29 (m, 2H), 5.03-5.10 (m, 1H), 5.37 (d, J 6.2 Hz, 1H), 

5.45-5.48 (m, 1H), 5.51-5.58 (m, 1H), 6.28 (s, 1H), 7.34 (s, 1H), 7.41 (d, J 9.0 Hz, 1H), 8.77 (d, J 9.0 Hz, 1H) ; 13C-

NMR (125 MHz, CDCl3) δ: 20.57, 20.61, 20.69, 20.71, 21.1, 25.3, 62.5, 68.9, 71.2, 72.7, 72.9, 101.6, 106.1, 

108.9, 114.6, 123.3, 124.4, 130.0, 138.1, 138.5, 154.0, 156.0, 158.6, 160.9, 169.4, 169.7, 170.3, 170.8 ; MS 

(ESI): 594 [M + Na]+; HRMS (ESI): Calcd for C28H30NO12 [M + H]+ 572.1784..Found: 572.1785. 

(2R,3S,4S,5R,6S)-2-(Acetoxymethyl)-6-((8-methyl-3-oxo-3H-pyrano[3,2-f]quinolin-6-yl)oxy)tetrahydro-2H-

pyran-3,4,5-triyl triacetate (5c). 40 mg, 71% (from 1b, 42 mg, 0.1 mmol and 4a, 28 mg, 0.12 mmol, stirring for 

48 h), yellow oil,  (c=0.81, CHCl3) ; 1H-NMR (500 MHz, CDCl3) δ: 2.06 (s, 3H), 2.07 (s, 6H), 2.13 (s, 

3H), 2.76 (s, 3H), 3.93-3.98 (m, 1H), 4.23-4.29 (m, 2H), 5.21 (t, J 9.6 Hz, 1H), 5.36 (d, J 9.4 Hz, 1H), 5.41 (d, J 7.9 

Hz, 1H), 5.52-5.59 (m, 1H), 6.48 (d, J 9.7 Hz 1H), 7.35 (s, 1H), 7.48 (d, J 8.7 Hz, 1H), 8.29 (d, J 9.7 Hz, 1H), 8.36 

(d, J 8.7 Hz, 1H); 13C-NMR (125 MHz, CDCl3) δ: 20.74, 20.79, 20.70, 20.85, 20.87, 25.4, 62.0, 68.4, 71.0, 72.5, 

72.7, 100.1, 106.0, 108.7, 114.4, 123.2, 124.3, 129.9, 138.0, 138.3, 153.8, 155.8, 158.5, 160.7, 169.4, 169.5, 

170.4, 170.8 ; MS (ESI): 580 [M + Na]+; HRMS (ESI): Calcd for C27H28NO12 [M + H]+ 558.1622. Found: 558.1620. 
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(2R,3S,4S,5R,6S)-2-(Acetoxymethyl)-6-((1,8-dimethyl-3-oxo-3H-pyrano[3,2-f]quinolin-6-yl)oxy)tetrahydro-

2H-pyran-3,4,5-triyl triacetate (5d). 50 mg, 72% (from 1b, 50 mg, 0.12 mmol and 4b, 35 mg, 0.145 mmol, 

stirring for 48 h), yellow oil,  (c=0.93, CHCl3) ; 1H-NMR (500 MHz, CDCl3) δ: 2.03 (s, 3H), 2.05 (s, 

3H), 2.14 (s, 3H), 2.17 (s, 3H), 2.76 (s, 3H), 2.85 (s, 3H), 4.10-4.12 (m, 1H), 4.15-4.24 (m, 2H), 5.19 (dt, J1 = 5.5 

Hz, J2 = 8.9 Hz, 1H), 5.31 (d, J 8.0 Hz, 1H), 5.49-5.52 (m, 1H), 5.80-5.87 (m, 1H), 6.29 (s, 1H), 7.38 (s, 1H), 7.43 

(d, J 9.4 Hz, 1H), 8.78 (d, J 9.4 Hz, 1H) ; 13C-NMR (125 MHz, CDCl3) δ: 20.79, 20.82, 20.88, 20.95, 21.0, 25.8, 

62.8, 68.8, 71.2, 72.7, 72.9, 101.0, 106.7, 109.3, 115.0, 123.8, 124.9, 130.3, 138.8, 139.0, 154.5, 156.3, 158.9, 

161.1, 169.9, 170.8, 171.4, 171.6 ; MS (ESI): 594 [M + Na]+; HRMS (ESI): Calcd for C28H30NO12 [M + H]+ 

572.1784. Found: 572.1787. 

(2R,3R,4S,5R,6S)-2-(Acetoxymethyl)-6-((8-methyl-2-oxo-2H-pyrano[3,2-g]quinolin-10-yl)oxy)tetrahydro-2H-

pyran-3,4,5-triyl triacetate (7a). 22 mg, 71% (from 1a, 23 mg, 0.056 mmol and 6a, 14 mg, 0.062 mmol), yellow 

oil, (c=0.62, CHCl3) ; 1H-NMR (500 MHz, CDCl3) δ: 1.97 (s, 3H), 2.03 (s, 6H), 2.05 (s, 3H), 2.80 (s, 

3H), 3.72-3.81 (m, 1H), 4.09-4.24 (m, 2H), 5.27-5.39 (m, 2H), 5.58 (t, J 7.4 Hz, 1H), 5.87 (d, J 7.4 Hz, 1H), 6.47 (d, 

J 9.4 Hz 1H), 7.32 (d, J 8.1 Hz, 1H), 7.72 (s, 1H), 7.78 (d, J 9.4 Hz, 1H), 8.10 (d, J 8.1 Hz, 1H) ; 13C-NMR (125 MHz, 

CDCl3) δ: 20.60, 20.62, 20.7, 20.8, 25.7, 61.9, 68.5, 72.0, 72.2, 73.1, 101.3, 117.7, 119.0, 122.3, 122.6, 123.6, 

136.6, 136.7, 141.9, 142.8, 144.8, 159.0, 161.2, 169.3, 169.4, 170.5, 170.6 ; MS (ESI): 580 [M + Na]+; HRMS 

(ESI): Calcd for C27H28NO12 [M + H]+ 558.1622. Found: 558.1634. 

(2R,3R,4S,5R,6S)-2-(Acetoxymethyl)-6-((4,8-dimethyl-2-oxo-2H-pyrano[3,2-g] quinolin-10-yl)oxy)tetrahydro-

2H-pyran-3,4,5-triyl triacetate (7b). 39 mg, 68% (from 1a, 41 mg, 0.11 mmol and 6b, 29 mg, 0.12 mmol), 

yellow oil,  (c=0.85, CHCl3) ; 1H-NMR (500 MHz, CDCl3) δ: 1.97 (s, 3H), 2.02 (s, 6H), 2.05 (s, 3H), 2.52 

(s, 3H), 2.77 (s, 3H), 3.72-3.78 (m, 1H), 4.15-4.19 (m, 2H), 5.32-5.38 (m, 2H), 5.58 (t, J 8.0 Hz, 1H), 5.85 (d, J 7.4 

Hz, 1H), 6.34 (s, 1H), 7.30 (d, J 8.5 Hz, 1H), 7.79 (s, 1H), 8.08 (d, J 8.5 Hz, 1H) ; 13C-NMR (125 MHz, CDCl3) δ: 

18.85, 20.59, 20.63, 20.71, 20.75, 25.8, 61.9, 68.5, 71.9, 72.3, 73.2, 101.3, 116.1, 119.4, 120.1, 122.1, 123.2, 

136.5, 136.9, 142.1, 144.6, 151.2, 159.2, 161.2, 169.35, 169.43, 170.5, 170.7 ; MS (ESI): 594 [M + Na]+; HRMS 

(ESI): Calcd for C28H30NO12 [M + H]+ 572.1784. Found: 572.1796. 

(2R,3S,4S,5R,6S)-2-(Acetoxymethyl)-6-((8-methyl-2-oxo-2H-pyrano[3,2-g]quinolin-10-yl)oxy)tetrahydro-2H-

pyran-3,4,5-triyl triacetate (7c). 30 mg, 84% (from 1b, 26.5 mg, 0.065 mmol and 6a, 17.5 mg, 0.077 mmol), 

yellow oil,  (c=1.17, CHCl3) ; 1H-NMR (500 MHz, CDCl3) δ: 1.90 (s, 3H), 2.06 (s, 3H), 2.16 (s, 3H), 

2.30 (s, 3H), 2.72 (s, 3H), 3.95 (dd, J1 = 6.6 Hz, J2 = 10.9 Hz, 1H), 4.10 (dd, J1 = 6.6 Hz, J2 = 10.9 Hz, 1H), 5.48-5.52 

(m, 1H), 5.72-5.75 (m, 1H), 5.85 (t, J 6.6 Hz, 1H), 5.88 (d, J 8.0 Hz, 1H), 6.18 (d, J 7.7 Hz, 1H), 6.44 (d, J 9.6 Hz 

1H), 7.30 (d, J 8.5 Hz, 1H), 7.73 (s, 1H), 7.79 (d, J 9.6 Hz, 1H), 8.07 (d, J 8.5 Hz, 1H) ; 13C-NMR (125 MHz, CDCl3) 

δ: 20.6, 20.75, 20.8, 21.3, 25.4, 61.7, 67.4, 67.6, 68.0, 68.4, 99.3, 117.3, 118.7, 122.4, 123.3, 123.8, 136.5, 

137.1, 143.0, 143.1, 145.5, 158.9, 161.4, 170.0, 170.4 (2 x C), 171.0 ; MS (ESI): 580 [M + Na]+  HRMS (ESI): Calcd 

for C27H28NO12 [M + H]+ 558.1622. Found: 558.1633. 

(2R,3S,4S,5R,6S)-2-(Acetoxymethyl)-6-((4,8-dimethyl-2-oxo-2H-pyrano[3,2-g]quinolin-10-yl)oxy)tetrahydro-

2H-pyran-3,4,5-triyl triacetate (7d). 50 mg, 88% (from 1b, 41 mg, 0.1 mmol and 6b, 29 mg, 0.12 mmol), yellow 

oil,  (c=1.33, CHCl3) ; 1H-NMR (500 MHz, CDCl3) δ: 1.90 (s, 3H), 2.06 (s, 3H), 2.16 (s, 3H), 2.31 

(s, 3H), 2.53 (s, 3H), 2.73 (s, 3H), 3.95 (dd, J1 = 7.1 Hz, J2 = 10.9 Hz, 1H), 4.11 (dd, J1 = 7.1 Hz, J2 = 10.9 Hz, 1H), 

5.51 (d, J 11.1 Hz, 1H), 5.72-5.76 (m, 1H), 5.85-5.92 (m, 1H), 6.16 (d, J 7.6 Hz, 1H), 6.34 (s, 1H), 7.30 (d, J 8.5 Hz, 

1H), 7.83 (s, 1H), 8.09 (d, J 8.5 Hz, 1H) ; 13C-NMR (125 MHz, CDCl3) δ: 19.0, 20.7, 20.87, 20.90, 21.4, 25.5, 61.8, 

67.6, 67.8, 68.2, 68.6, 99.5, 116.0, 119.0, 120.2, 122.5, 123.6, 136.9, 137.4, 143.0, 145.5, 151.6, 159.0, 161.5, 
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170.1, 170.5 (2 x C), 171.1 ; MS (ESI): 594 [M + Na]+; HRMS (ESI): Calcd for C28H30NO12 [M + H]+ 572.1784. 

Found: 572.1794. 

(2R,3R,4S,5R,6S)-2-(Acetoxymethyl)-6-((8-methyl-2-oxo-2H-pyrano[2,3-f]quinolin-6-yl)oxy)tetrahydro-2H-

pyran-3,4,5-triyl triacetate (9a). mg, 81% (from 1a, 11 mg, 0.027 mmol and 8, 7.3 mg, 0.032 mmol), yellow oil, 

 (c=0.76, CHCl3) ; 1H-NMR (500 MHz, CDCl3) δ: 2.04 (s, 3H), 2.05 (s, 3H), 2.06 (s, 3H), 2.17 (s, 3H), 

2.81 (s, 3H), 3.77-3.85 (m, 1H), 4.20 (d, J 11.8 Hz, 1H), 4.27 (dd, J1 = 4.5 Hz, J2 = 12.5 Hz, 1H), 5.22 (t, J 9.5 Hz, 

1H), 5.36 (t, J 8.6 Hz, 1H), 5.43-5.45 (m, 1H), 5.47 (d, J 7.0 Hz 1H), 6.53 (d, J 9.4 Hz, 1H), 7.43 (s, 1H), 7.48 (d, J 

8.5 Hz, 1H), 7.78 (d, J 9.4 Hz, 1H), 8.72 (d, J 8.5 Hz, 1H) ; 13C-NMR (125 MHz, CDCl3) δ: 20.60, 20.65, 20.7, 20.9, 

25.7, 61.9, 68.5, 71.2, 72.1, 72.6, 100.8, 113.6, 115.4, 116.7, 117.8, 123.3, 130.9, 141.8, 143.6, 147.2, 148.1, 

160.3, 161.2, 169.34 169.5, 170.3, 170.5 ; MS (ESI): 580 [M + Na]+; HRMS (ESI): Calcd for C27H28NO12 [M + H]+ 

558.1622. Found: 558.1632. 

2R,3S,4S,5R,6S)-2-(Acetoxymethyl)-6-((8-methyl-2-oxo-2H-pyrano[2,3-f]quinolin-6-yl)oxy)tetrahydro-2H-py-

ran-3,4,5-triyl triacetate (9b). mg, 62% (from 1b, 13.7 mg, 0.033 mmol and 8, 9.1 mg, 0.04 mmol), yellow oil, 

3 (c=0.53, CHCl3) ; 1H-NMR (500 MHz, CDCl3) δ: 2.02 (s, 3H), 2.04 (s, 3H), 2.11 (s, 3H), 2.19 (s, 

3H), 2.81 (s, 3H), 4.03 (t, J 6.7 Hz, 1H), 4.16 (dd, J1 = 6.7 Hz, J2 = 11.3 Hz, 1H), 4.26 (dd, J1 = 6.7 Hz, J2 = 11.3 Hz, 

1H), 5.17 (dd, J1 = 3.2 Hz, J2 = 10.4 Hz, 1H), 5.39 (d, J 7.9 Hz, 1H), 5.48 (d, J 3.2 Hz, 1H), 5.71 (dd, J1 = 7.9 Hz, J2 = 

10.4 Hz, 1H), 6.54 (d, J 9.5 Hz, 1H), 7.43 (s, 1H), 7.48 (d, J 8.6 Hz, 1H), 7.77 (d, J 9.5 Hz, 1H), 8.71 (d, J 8.6 Hz, 

1H) ; 13C-NMR (125 MHz, CDCl3) δ: 20.80, 20.83, 20.84 (2 x C), 25.8, 61.5, 67.1, 68.8, 70.9, 71.3, 101.6, 113.7, 

114.8, 116.8, 117.8, 123.4, 131.1, 143.5, 147.1, 148.2, 160.24, 160.28, 161.2, 169.8, 170.37, 170.39, 170.5 ; MS 

(ESI): 580 [M + Na]+; HRMS (ESI): Calcd for C27H28NO12 [M + H]+ 558.1622. Found: 558.1628. 

In vitro experiments 

In the in vitro experiments assays of each experiment was performed at a concentration of 100 µM (a 10 mM 

stock solution in DMSO was used, from which several dilutions were made) in triplicate and the standard 

deviation of absorbance was less than 10% of the mean. Statistical comparisons were made using the Student 

T-test. A statistically significant diference was defined as p < 0.05. 

Inhibition of linoleic acid lipid peroxidation. The in vitro study was evaluated as reported previously by our 

group.35 10 μL of the 16 mM sodium linoleate solution was added to the UV cuvette containing 0.93 mL of a 

0.05 M phosphate buffer, pH 7.4, pre-thermostated at 37 °C. The oxidation reaction was initiated at 37 °C  

under air by the addition of 50 µL of a 40 mM AAPH solution, which was used as a free-radical initiator. 

Oxidation was carried out in the presence of the samples (10 µL from the stock solution of each compound) in 

the assay without antioxidants and monitored at 234 nm. Lipid oxidation was recorded in the presence of the 

same level of DMSO and served as a negative control. Trolox was used as the appropriate standard (positive 

control). 

Soybean lipoxygenase inhibition study in vitro. The in vitro study was evaluated as reported previously by our 

group.35 The tested compounds were incubated in a tris buffer pH 9, at room temperature, with sodium 

linoleate (0.1 mM) and 0.2 mL of enzyme solution (1/9 × 10−4 w/v in saline, 1000 U/mL) for 5 min, and after 

that the inhibition was measured. EC 1.13.11.12 from soybean was used. The method was based on the 

conversion of sodium linoleate to 13-hydroperoxylinoleic acid at 234 nm by the appearance of the conjugated 

diene. Nor-dihydroguaeretic acid NDGA (IC50 = 0.45 µM) was used as a standard (positive control). Different 

concentrations were used to determine the IC50 values. A blank determination was used first to serve as a 

negative control. 

 



Arkivoc 2023 (vii) 202312085  Christou, C. et al. 

 

 Page 13 of 16 ©AUTHOR(S) 

Biochemical experiments 

Cell Culture. HeLa (cervical cancer), MCF7 and MDA-MB-231 (breast cancer) cell lines were provided by ATCC 

(American Type Culture Collection) and were grown in medium supplemented with 10% fetal bovine serum 

(FBS) and antibiotics/antimycotics as monolayers at 37 oC in a 5% CO2 incubator. 

MTT Assays.  HeLa (2x103 cells per well), MCF7 and MDA-MB-231 (6x103 cells per well) cells were seeded in 

96-well plates and grown in a medium supplemented with 10% FBS. One day after seeding, cells were exposed 

to increasing concentrations (2.5-100) of compounds 10b, 9c, 9d, 10d for 48 h. The viability of the cells was 

estimated by an (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide MTT metabolic colorimetric 

assay as desctribed previously.49 The absorbance values were normalized to the untreated cells, which was set 

as 100% viability. Values shown represent the means ± SE of three independent experiments 
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