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Abstract

Myricetin is a common plant-derived flavonoid and exhibits a wide range of activities. However, myricetin
also exhibits substantial limitations, such as its poor water-solubility and low stability in body when it
was administrated by oral. To solve these problems, a series of myricetin derivatives with different
disaccharide groups were designed, synthesized and evaluated their hypoglycemic activities. All
synthesized compounds displayed significant a-glucosidase inhibitory activity in comparison with
acarbose in vitro, which indicated that myricetin derivatives with different disaccharide groups had good
hypoglycemic activity and could be further developed as hypoglycemic drugs.

Introduction

Myricetin (3,3',4',5,5',7-hexahydroxyflavone, Fig. 1), is a widespread naturally occurring flavonoid, which
can be found in lots of berries, fruits, vegetables and herbal medicines [1]. Myricetin has multiple
biological activities, such as antioxidant, anti-diabetic, anti-inflammatory, anti-carcinogenic and anti-
proliferative effects [2—15]. In previous study, myricetin were also reported which could treat and prevent
colitis and the risk of colitis-associated colorectal cancer (CAC) [16]. However, myricetin exhibits poor
water-solubility and low stability in body when it was administrated by oral. It is reported that the
chemical modification of lead compounds by saccharides and their derivatives can improve their
biological activities, stability and water solubility, and decrease the toxicity and side effect efficiently [17].
Then M10, which was produced by adding a hydrophilic glycosylation group, was selected for further
research and development because of its better water-solubility and metabolic stability, as well as higher
efficacy and higher safety than myricetin (Fig. 1) [18]. This result indicated that the disaccharide group
connected at C-3 of myricetin may play an important role in improve drug-like properties. Encouraged by
the excellent result, a series of myricetin derivatives with different disaccharide groups were designed and
synthesized, as well as their intracellular activities in hypoglycemic were determined for further structure
activity relationship study (Fig. 1).

Results And Discussion
Chemistry

A series of myricetin derivatives with different glycosylation groups 4a—4i were obtained via a sequence
of linear steps according to our previous study (Scheme 1) [18]. Compound 3a-i were produced from
condensation of the tetrabenzyl myricetin 1 and various glycosyl donors 2a-i in a mixture of 1, 2-
dichloroethane and potassium carbonate solution at 45°C in presence of a catalytic amount of tetrabutyl
ammonium bromide. The tetrabenzyl groups of Compound 1 were introduced from benzyl bromide
mediated by potassium carbonate, then by hydrolysis reaction in presence of 3M hydrochloric acid for 2
steps [18]. The glycosyl donors 2a-i were synthesized via acetylation and bromination reaction
successively from various disaccharide donors 2'a-i (Scheme 1). These disaccharide donors 2'a-i were
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prepared by glycosylation of the corresponding saccharide acceptor with donor according to
Magnusson'’s procedure [19].

Reagents and conditions: (a) BuyNBr (2 eq), K,CO5 (3.75 eq), H,0, 1,2-dichloroethane, 45 ° C, 3 h; (b)
MeONa (1 eq), MeOH, rt, 5 h; (c) Hp, 10% Pd/C, MeOH, 12 h, rt.

Reagents and conditions: (a) H,, 10% Pd/C, MeOH, 12 h, rt.; (b) Ac,0, AcONa, 5 h, rt; (c) HBr, Ac,0, DCM, 0
°C,5h.

Next, the myricetin derivatives 4a-i were obtained after complete hydrolysis of intermediate 3a-i with 5.4
M sodium methoxide in methanol at room temperature for 5 h, then adjusting the pH to neutral by
hydrogen ion resin, and catalytic hydrogenation of the resulting mixture with hydrogen gas in presence of
10% palladium over carbon at room temperature for 48 h. The yields of 3a- and 4a-i were summarized in
Table 1 and Table 2, respectively. The structures of compounds 4a-i were characterized by MS and NMR.

Hypoglycemic activity

The hypoglycemic activities of the synthesized derivatives were evaluated by a-glucosidase inhibition
assay, where acarbose at 200 M was used as reference. As shown in Table 3, the inhibition rates of all
of the compounds 4a-4i were >80% comparing with the inhibitory rate of the positive control group at
24.03%. The result suggested that all compounds displayed significant a-glucosidase inhibitory
activity at 50 uM concentration, and the rates were higher than myricetin at 59.86%.

Table 3 Hypoglycemic profile of 4a-i
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Compounds Concentration (uM)  Inhibition rate (%)
Control group — 0+2093
Acarbose 200 24.03 £ 10.21*
Myricetin 50 59.86 + 0.58**
4a 50 86.41 + 5.73**
4b 50 82.00 + 2.28**
4c 50 83.11 + 1.34**
4d 50 88.50 + 1.99**
4e 50 82.93 + 2.78**
4f 50 88.90 + 1.99**
4q 50 80.29 + 2.87**
4h 50 89.71 + 1.90**
4i 50 87.38 + 0.15**

*P < 0.05, **P < 0.01 versus the control group

Conclusion

In general, a library of myricetin derivatives with different disaccharide groups were designed, synthesized
and evaluated in hypoglycemic activities. All synthesized compounds displayed significant a-glucosidase
inhibitory activity in comparison with acarbose in vitro, which indicated that myricetin derivatives with
different disaccharide groups had good hypoglycemic activity and could be for further research on
hypoglycemic drug.

Experimental Section
Reagents and apparatus

Starting materials were purchased from commercial suppliers. Thin-layer chromatography (TLC) was
performed using silica gel GF-254 plates (Qing-Dao Chemical Company, Qingdao, China) with detection
by UV (254 nm or 365 nm). Column chromatography was performed on silica gel (200-300 mesh,
Qingdao China). "TH NMR and "3C NMR spectra were obtained with tetramethylsilane (TMS) as an internal
standard in DMSO-dg on a Bruker 400 spectrometer at 500 MHz and 125 MHz, respectively. The
abbreviations used for NMR signals are as follows: s = singlet, d = doublet, and m = multiplet. ESI Mass
spectra were recorded on a Waters Quattro Micro mass instrument.

Chemistry
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General procedures for the synthesis of 2a-i

The synthesis procedures of myricetin derivatives 4a-i are as follows. Firstly, Compound 2"a-i (0.25 mmol)
were dissolved in methanol (40 mL), 10% palladium-on-charcoal (100 mg) was added. The mixture was
stirred at room temperature under hydrogen atmosphere for 12 h. After reaction, the palladium-on-
charcoal was filtered, and the organic phase was evaporated to dryness. Then acetic anhydride (20 mL)
and sodium acetate (0.3 mmol) were added successively, the mixture was stirred at room temperature for
5 h. After acetic anhydride was evaporated to dryness, the residue was diluted with dichloromethane (20
mL) and water (20 mL). The organic phase was separated, washed with brine, dried with anhydrous
sodium sulfate, concentrated to afford Compound 2'a-i. Then, the products were used directly in the next
step without purification. Compound 2'a-i were dissolved in dichloromethane (40 mL), then cooled to 0 °C.
The hydrobromic acid in acetic acid (15 mL) was added under ice bath, and the reaction was performed
at 0 °C for 30 min. The mixture was washed with water, saturated sodium bicarbonate solution until the
pH value was neutral. The organic phase was dried over anhydrous sodium sulfate, concentrated, and
purified with silica gel (petroleum ether/ethyl acetate, 2 : 1) to afford Compound 2a-i.

(2R,35,4S,5R,6S)-2-(acetoxymethyl)-6-(((2R,3R,4S,5R,6S)-3,4, 5-triacetoxy-6-bromotetrahydro-2H-pyran-2-
yl)methoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (2a)

White solid (yield 91%); MS(ESI): m/z=699 [M + HJ".

(25,3R,4S,55,6R)-2-bromo-6-((((2R,3R,4S,5R,6R)-3,5-diacetoxy-4,6-bis(acetoxymethyl)tetrahy dro-2H-pyran-
2-yl)oxy)methyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate (2b)

White solid (yield 85%); MS(ESI): m/z=699 [M + HJ".

(2R,3R,4S,5R,6S)-2-(acetoxymethyl)-6-(((2R,3S,4S,5R,6S)-4, 5-diacetoxy-2-(acetoxymethy!)-6-
bromotetrahydro-2H-pyran-3-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (2c)

White solid (yield 89%); MS(ESI): m/z=699 [M + HJ".

(2R,35,4S,5R,6R)-2-(acetoxymethyl)-6-(((2S 3R,4S,5R)-3, 5-diacetoxy-2-bromotetrahydro-2H-pyran-4-
yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (2d)

White solid (yield 81%); MS(ESI): m/z=627 [M + HJ".

(2R 3R,4S, 5R,6R)-2-(acetoxymethyl)-6-(((2R,3S,4S,5R,6S)-3,4, 5-triacetoxy-6-bromotetrahy dro-2H-pyran-2-
yl)methoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (2e)

White solid (yield 88%); MS(ESI): m/z=699 [M + HJ".

(2R,3R,4S,5S,6S)-2-(acetoxymethyl)-6-(((2R,35,4S,5R,6S)-3,4, 5-triacetoxy-6-bromotetrahydro-2H-pyran-2-
yl)methoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate ( 2f)
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White solid (yield 88%); MS(ESI): m/z=699 [M + HJ*.

(25,3R,4S,55,6R)-2-bromo-6-((((2R,3R,4R,5R)-3 4-diacetoxy-5-(acetoxymethyl)tetrahydrofuran-2-
yl)oxy)methyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate (2g)

White solid (yield 75%); MS(ESI): m/z=627 [M + H[".

(25,3R,4S5,55,6R)-2-bromo-6-((((2S,3R,4S,5R)-3,4,5-triacetoxytetrahy dro-2H-pyran-2-
yl)oxy)methyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate (2h)

White solid (yield 85%); MS(ESI): m/z=627 [M +H[".

(2R,3R,4S,5R,6S)-2-(acetoxymethyl)-6-(((2R,3R,4S,5R,6S)-4,5-diacetoxy-2-(acetoxymethyl)-6-
bromotetrahydro-2H-pyran-3-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (2i)

White solid (yield 85%); MS(ESI): m/z=699 [M + HJ".

General procedures for the synthesis of 3a-i

To a suspension of 1 (2.95 mmol) in 1, 2-dichloroethane (20 mL), 2a-i (5.90 mmol), tetra-butyl ammonium
bromide (5.89 mmol) and 0.25 mol/L potassium carbonate solution (16 mL) were added. The mixture
was stirred at 45°C for 3 h, then cooled to room temperature and diluted with dichloromethane (20 mL).
The organic phase was separated, washed with brine, dried with anhydrous sodium sulfate, concentrated,

and purified with silica gel (petroleum ether/ethyl acetate/dichloromethane, 2 : 1: 1) to afford Compound
3a-i.

(2R,35,4S,5R,6S)-2-(acetoxymethyl)-6-(((2R,3R,4S,5R,6S)-3,4,5-triacetoxy-6-((7-(benzyloxy)-5-hydroxy-4-oxo-
2-(3,4,5-tris(benzyloxy)phenyl)-4H-chromen-3-yl)oxy)tetrahydro-2H-pyran-2-yl)methoxy)tetrahy dro-2H-
pyran-3,4,5-triyl triacetate (3a)

Yellow solid (yield 51%); "TH NMR (500 MHz, CDCl;) (ppm): 6 12.51 (s, 1H), 7.50 (d, J= 7.3 Hz, 4H), 7.48-
7.31 (m, 15H), 7.29 (dd, J= 4.9, 1.7 Hz, 3H), 6.50 (d, J= 2.2 Hz, TH), 6.41 (d, J= 2.2 Hz, 1H), 5.52 (d, J=8
Hz, 1H), 5.33 (d, J= 2.8 Hz, TH), 5.23 (m, 5H), 5.20 (d, J= 5.8 Hz, 4H), 5.12 (m, 2H), 4.91 (dd, J=10.4, 3.4
Hz, TH), 4.40 (d, J= 7.9 Hz, TH), 4.34 (dd, J=12.0, 1.9 Hz, 1H), 4.07 (d, J= 6.9 Hz, 2H), 3.91 (dd, J= 12.0,
4.3 Hz, TH), 3.82 (t, J= 6.9 Hz, TH), 3.69 (t, J= 9.5 Hz, 1H), 3.60~3.50 (m, 1H), 2.14 (s, 3H), 2.08 (s, 3H),
2.03 (s, 3H), 2.01 (s, 3H), 1.99 (s, 3H), 1.95 (s, 3H), 1.92 (s, 3H); MS(ESI): m/z=1297 [M + H]*.

(25,3R,4S,5S,6R)-2-((7-(benzyloxy)-5-hydroxy-4-oxo-2-(3,4,5-tris(benzyloxy) phenyl)-4H-chromen-3-yl) oxy )-6-
((((CR,3R,4S,5R,6R)-3,5-diacetoxy-4,6-bis(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy) methyl)tetrahydro-
2H-pyran-3,4,5-triyl triacetate (3b)

Yellow solid (yield 50%); "H NMR (500 MHz, CDCls) (ppm): 6 12.52 (s, 1H), 7.53 (d, J= 7.3 Hz, 4H), 7.50-
7.41 (m, 15H), 7.35(dd, J=4.9,1.7 Hz, 3H), 6.50 (d, J=2.2 Hz, 1H), 6.46 (d, J=2.2 Hz, 1H), 5.61 (d, /=8
Hz, 1H), 5.38 (d, J= 2.8 Hz, TH), 5.25 (m, 5H), 5.18 (d, J= 5.8 Hz, 4H), 5.16—5.08 (m, 2H), 4.91 (dd, J=10.4,
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3.4 Hz, 1H), 4.51 (d, J= 7.9 Hz, 1H), 4.39 (dd, J=12.0, 1.9 Hz, TH), 4.13 (d, J= 6.9 Hz, 2H), 3.95 (dd, J=
12.0, 4.3 Hz, 1H), 3.88 (t, J= 6.9 Hz, TH), 3.75 (t, J= 9.5 Hz, TH), 3.60—3.48 (m, TH), 2.18 (s, 3H), 2.10 (s,
3H), 2.07 (s, 3H), 2.02 (s, 3H), 1.96 (s, 3H), 1.95 (s, 3H), 1.81 (s, 3H); MS(ESI): m/z=1297 [M +H]*.

(2R,3R,4S,5R,6S)-2-(acetoxymethyl)-6-((2R,3S,4S,5R,6S)-4, 5-diacetoxy-2-(acetoxymethyl)-6-((7-
(benzyloxy)-5-hydroxy-4-oxo-2-(3,4,5-tris(benzyloxy)phenyl)-4H-chromen-3-yl) oxy)tetrahydro-2H-pyran-3-
yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (3c)

Yellow solid (yield 53%); "H NMR (500 MHz, CDCl;) (ppm): 6 12.51 (s, 1H), 7.57 (d, J= 7.3 Hz, 4H), 7.50-
7.39 (m, 15H), 7.31 (dd, J= 4.9, 1.7 Hz, 3H), 6.47 (d, J= 2.2 Hz, TH), 6.45 (d, J= 2.2 Hz, TH), 5.56 (d, J=8
Hz, 1H), 5.33 (d, J= 2.8 Hz, TH), 5.24 (m, 5H), 5.16 (d, J= 5.8 Hz, 4H), 5.12-5.05 (m, 2H), 4.92 (dd, J=10.4,
3.4 Hz, 1H), 4.41 (d, J= 7.9 Hz, 1H), 4.35 (dd, J=12.0, 1.9 Hz, 1H), 4.08 (d, J= 6.9 Hz, 2H), 3.90 (dd, J=
12.0, 4.3 Hz, TH), 3.85 (t, J= 6.9 Hz, TH), 3.74 (t, J= 9.5 Hz, TH), 3.60-3.48 (m, TH), 2.12 (s, 3H), 2.09 (s,
3H), 2.06 (s, 3H), 2.01 (s, 3H), 1.99 (s, 3H), 1.95 (s, 3H), 1.82 (s, 3H); MS(ESI): m/z= 1297 [M + H]*.

(2R,35,4S,5R,6R)-2-(acetoxymethyl)-6-(((2S,3R,4S,5R)-3,5-diacetoxy-2-((7-(benzyloxy)-5-hydroxy-4-oxo-2-
(34, 5-tris(benzyloxy)phenyl)-4H-chromen-3-yl)oxy)tetrahydro-2H-pyran-4-yl) oxy)tetrahydro-2H-pyran-3,4,5-
triyl triacetate (3d)

Yellow solid (yield 74%); "H NMR (500 MHz, CDCls) (ppm): 6 12.51 (s, 1H), 7.58 (d, J= 7.3 Hz, 4H), 7.42-
7.35 (m, 15H), 7.31 (dd, J= 4.9, 1.7 Hz, 3H), 6.44 (d, J= 2.2 Hz, 1H), 6.40 (d, J= 2.2 Hz, 1H), 5.42 (d, J=8
Hz, 1H), 5.30 (d, J= 2.8 Hz, TH), 5.21 (m, 5H), 5.16 (d, J= 5.8 Hz, 4H), 5.10~5.01 (m, 2H), 4.90 (dd, J=10.4,
3.4 Hz, 1H), 4.41 (d, J= 7.9 Hz, 1H), 4.36 (dd, J=12.0, 1.9 Hz, TH), 4.04 (d, J= 6.9 Hz, 2H), 3.90 (d, J=12.0
Hz, TH), 3.69 (t, J= 9.5 Hz, TH), 3.56—3.50 (m, TH), 2.19 (s, 3H), 2.11 (s, 3H), 2.09 (s, 3H), 2.05 (s, 3H), 2.01
(s, 3H), 1.92 (s, 3H); MS(ESI): m/z=1225 [M + H]".

(2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6-(((2R,3S5,4S,5R,6S)-3,4,5-triacetoxy-6-((7-(benzyloxy)-5-hydroxy-4-oxo-
2-(3,4,5-tris(benzyloxy)phenyl)-4H-chromen-3-yl)oxy)tetrahydro-2H-pyran-2-yl)methoxy)tetrahy dro-2H-
pyran-3,4,5-triyl triacetate (3e)

Yellow solid (yield 52%); "H NMR (500 MHz, CDCls) (ppm): 6 12.45(s, TH), 7.50 (d, J= 7.3 Hz, 4H), 7.47~-
7.34 (m, 15H), 7.32 (dd, J= 4.9, 1.7 Hz, 3H), 6.47 (d, J= 2.2 Hz, 1H), 6.45 (d, J= 2.2 Hz, TH), 5.56 (d, J= 8
Hz, TH), 5.37 (d, J= 2.8 Hz, TH), 5.30 (m, 5H), 5.12 (d, J = 5.8 Hz, 4H), 5.10~5.01 (m, 2H), 4.92 (dd, J=10.4,
3.4 Hz, TH), 4.41 (d, J= 7.9 Hz, 1H), 4.35 (dd, J= 12.0, 1.9 Hz, TH), 4.08 (d, J= 6.9 Hz, 2H), 3.92 (dd, J=
12.0, 4.3 Hz, TH), 3.83 (t, J= 6.9 Hz, 1H), 3.74 (t, J= 9.5 Hz, TH), 3.59-3.48 (m, TH), 2.15 (s, 3H), 2.08 (s,
3H), 2.07 (s, 3H), 2.01 (s, 3H), 1.98 (s, 3H), 1.91 (s, 3H), 1.80 (s, 3H); MS(ESI): m/z=1297 [M + HI".

(2R,3R,4S,5S,6S)-2-(acetoxymethyl)-6-(((2R,35,4S,5R,6S)-3,4, 5-triacetoxy-6-((7-(benzyloxy)-5-hydroxy-4-oxo-
2-(3,4,5-tris(benzyloxy)phenyl)-4H-chromen-3-yl) oxy)tetrahydro-2H-pyran-2-yl) methoxy)tetrahy dro-2H-
pyran-3,4,5-triyl triacetate ( 3f)
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Yellow solid (yield 54%); "H NMR (500 MHz, CDCl5) (ppm): 6 12.51 (s, TH), 7.50 (d, J= 7.3 Hz, 4H), 7.47~-
7.33 (m, 15H), 7.30 (dd, J= 4.9, 1.7 Hz, 3H), 6.48 (d, J= 2.2 Hz, 1H), 6.45 (d, J= 2.2 Hz, TH), 5.56 (d, J=8
Hz, TH), 5.33 (d, J= 2.8 Hz, TH), 5.24 (m, 5H), 5.18 (d, J = 5.8 Hz, 4H), 5.11-5.05 (m, 2H), 4.94 (dd, J=10.4,
3.4 Hz, TH), 4.41 (d, J= 7.9 Hz, 1H), 4.35 (dd, J= 12.0, 1.9 Hz, TH), 4.08 (d, J= 6.9 Hz, 2H), 3.90 (dd, J=
12.0, 4.3 Hz, TH), 3.83 (t, J= 6.9 Hz, 1H), 3.74 (t, J= 9.5 Hz, TH), 3.60-3.48 (m, TH), 2.15 (s, 3H), 2.08 (s,
3H), 2.06 (s, 3H), 2.01 (s, 3H), 1.98 (s, 3H), 1.96 (s, 3H), 1.82 (s, 3H); MS(ESI): m/z=1297 [M + HI".

(25,3R,4S,5S,6R)-2-((7-(benzyloxy)-5-hydroxy-4-oxo-2-(3,4, 5-tris(benzyloxy)phenyl)-4H-chromen-3-yl) oxy)-6-
((((CR 3R 4R, 5R)-3 4-diacetoxy-5-(acetoxymethyl)tetrahydrofuran-2-yl)oxy)methyl)tetrahydro-2H-pyran-
3 4,5-triyl triacetate (39)

Yellow solid (yield 51%); "H NMR (500 MHz, CDCls) (ppm): 6 12.50 (s, 1H), 7.52 (d, J= 7.3 Hz, 4H), 7.48-
7.39 (m, 15H), 7.31 (dd, J= 4.9, 1.7 Hz, 3H), 6.49 (d, J=2.2 Hz, TH), 6.45 (d, J=2.2 Hz, TH), 5.52 (d, J=8
Hz, 1H), 5.30 (d, J= 2.8 Hz, TH), 5.22 (m, 5H), 5.16 (d, J= 5.8 Hz, 4H), 5.14-5.08 (m, 2H), 4.94 (dd, J=10.4,
3.4 Hz, 1H), 4.39 (d, J=7.9 Hz, 1H), 4.32 (dd, J=12.0, 1.9 Hz, 1H), 4.14 (d, J= 6.9 Hz, 2H), 3.90 (d, J=12.0
Hz, 1H), 3.74 (t, J=9.5 Hz, 1H), 3.57-3.51 (m, TH), 2.17 (s, 3H), 2.11 (s, 3H), 2.09 (s, 3H), 2.01 (s, 3H), 1.99
(s, 3H), 1.96 (s, 3H); MS(ESI): m/z=1225 [M +HJ*.

(25,3R,4S,5S,6R)-2-((7-(benzyloxy)-5-hydroxy-4-oxo-2-(3,4,5-tris(benzyloxy) phenyl)-4H-chromen-3-yl) oxy )-6-
((((CR,3R,4S,5R)-3,4,5-triacetoxytetrahydro-2H-pyran-2-yl)oxy) methyl)tetrahy dro-2H-pyran-3,4, 5-triy|
triacetate (3h)

Yellow solid (yield 55%); TH NMR (500 MHz, CDCl5) (ppm): 6 12.42 (s, 1H), 7.51 (d, J= 7.3 Hz, 4H), 7.44~
7.32 (m, 15H), 7.28 (dd, J= 4.9, 1.7 Hz, 3H), 6.48 (d, J= 2.2 Hz, TH), 6.41 (d, J= 2.2 Hz, 1H), 5.56 (d, J=8
Hz, 1H), 5.42 (d, J= 2.8 Hz, 1H), 5.28 (m, 5H), 5.17 (d, J= 5.8 Hz, 4H), 5.13-5.06 (m, 2H), 4.94 (dd, J=10.4,
3.4 Hz, TH), 4.45 (d, J= 7.9 Hz, TH), 4.38 (dd, J= 12.0, 1.9 Hz, TH), 4.18 (d, J= 6.9 Hz, 2H), 3.95 (d, J= 12.0
Hz, 1H), 3.80 (t, J= 9.5 Hz, TH), 3.62-3.50 (m, TH), 2.18 (s, 3H), 2.11 (s, 3H), 2.08 (s, 3H), 2.04 (s, 3H), 1.99
(s, 3H), 1.91 (s, 3H); MS(ESI): m/z=1225 [M + H]*.

(2R,3R,4S,5R,6S)-2-(acetoxymethyl)-6-(((2R,3R,4S,5R,6S)-4,5-diacetoxy-2-(acetoxymethyl)-6-((7-
(benzyloxy)-5-hydroxy-4-oxo-2-(3,4,5-tris(benzyloxy)phenyl)-4H-chromen-3-yl)oxy)tetrahy dro-2H-pyran-3-
yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate ( 3i)

Yellow solid (yield 52%); "H NMR (500 MHz, CDCls) (ppm): 6 12.46 (s, 1H), 7.49 (d, J= 7.3 Hz, 4H), 7.44-
7.34 (m, 15H), 7.32 (dd, J=4.9,1.7 Hz, 3H), 6.51 (d, J=2.2 Hz, 1H), 6.46 (d, J=2.2 Hz, 1H), 5.56 (d, /=8
Hz, 1H), 5.30 (d, J= 2.8 Hz, TH), 5.22 (m, 5H), 5.17 (d, J= 5.8 Hz, 4H), 5.13-5.07 (m, 2H), 4.94 (dd, J=10.4,
3.4 Hz, 1H), 4.39 (d, J= 7.9 Hz, 1H), 4.35 (dd, J=12.0, 1.9 Hz, TH), 4.04 (d, J= 6.9 Hz, 2H), 3.90 (dd, J=
12.0, 4.3 Hz, TH), 3.82 (t, J= 6.9 Hz, TH), 3.74 (t, J= 9.5 Hz, TH), 3.59-3.51 (m, TH), 2.17 (s, 3H), 2.11 (s,
3H), 2.09 (s, 3H), 2.01 (s, 3H), 1.99 (s, 3H), 1.96 (s, 3H), 1.86 (s, 3H); MS(ESI): m/z= 1296 [M + H]*.

General procedures for the synthesis of myricetin derivatives 4a-i
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To a solution of 3a-i (0.39 mmol) in methanol (5 mL), 5.4 M sodium methoxide (0.072 mL, 0.39 mmol)
was added. The mixture was stirred at room temperature for 5 h and neutralized by ion-exchange resin
(Amberlite® IR120). Then 10% palladium-on-charcoal (500 mg) was added to the filtrate. The mixture
was stirred at room temperature under hydrogen atmosphere for 12 h. After reaction, the palladium-on-
charcoal was filtered, and the organic phase was evaporated to afforded 4a-i.

5,7-dihydroxy-3-(((2S5,3R,4S,5S,6R)-3,4,5-trihydroxy-6-((((2S,3R,4S,5R,6 R)-3,4, 5-trihy droxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)methyl)tetrahydro-2H-pyran-2-yl)oxy)-2-(3,4,5-
trihydroxyphenyl)-4H-chromen-4-one (4a)

Yellow solid (yield 97%); TH NMR (500 MHz, DMSO-dj) (ppm): 6 12.64 (s, TH), 10.82 (s, TH), 9.16 (s, 2H),
8.89 (s, TH), 7.15 (s, 2H), 6.35 (d, J= 2.0 Hz, TH), 6.18 (d, J= 2.0 Hz, 1H), 5.45 (d, J= 7.7 Hz, TH), 5.20 (d, J
= 3.6 Hz, TH), 5.13 (s, TH), 5.00 (s, TH), 4.56 (d, J= 3.6 Hz, TH), 4.32 (s, TH), 4.26 (s, 3H), 3.58 (m, 1H), 3.48
(m, 2H), 3.33 (M, 9H); 13C NMR (125 MHz, DMSO-d;) (ppm): 6 177.34, 164.04, 161.25, 156.27, 156.25,
145.36(2C), 136.66, 133.24, 119.99, 108.54(2C), 103.86, 100.62, 98.70, 98.45, 93.35, 76.60, 75.63, 73.80,
70.28,70.11, 69.64, 69.42, 68.42, 66.39, 61.28; MS(ESI): m/z= 643 [M + H]*. Anal.Calcd for Cy7Hzg0-g: C,
50.47; H, 4.71%. Found: C, 50.46; H, 4.72%.

5,7-dihydroxy-3-(((25,3R,4S,5R,6R)-3 4, 5-trihydroxy-6-(((2R,3R,4S,5R,6R)-3,4,5-trihydroxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)methyl)tetrahydro-2H-pyran-2-yl)oxy)-2-(3,4,5-
trihydroxyphenyl)-4H-chromen-4-one (4b)

Yellow solid (yield 98%); "TH NMR (500 MHz, DMSO0-d;) (ppm): 6 12.62 (s, 1H), 10.77 (s, 1H), 9.07 (s, 3H),
7.16 (m, 2H), 6.36 (s, TH), 6.19 (s, TH), 5.46-5.24 (m, TH), 5.04 (s, TH), 4.86 (m, TH), 4.60-4.52 (m, 2H),
4.42-4.33 (m, 4H), 4.02 (m, TH), 3.66-3.56 (M, 4H), 3.54-3.48 (m, 5H), 3.42-3.37 (m, 2H); 13C NMR (125
MHz, DMSO-d;) (ppm): 6 177.36,164.10, 161.24, 156.24, 156.17, 145.39(2C), 136.72, 133.63, 119.96,
108.55(2C), 103.86, 101.86, 99.44, 98.69, 93.38, 73.63, 73.08, 71.17, 70.94, 69.59, 69.55, 69.34, 68.37,
68.02, 61.05, 48.63; MS(ESI): m/z=643 [M +H]*. Anal.Calcd for C,7H3,0+g: C, 50.47; H, 4.71%. Found: C,
50.48; H,4.71%.

3-(((25,3R,4R,5R,6R)-3,4-dihydroxy-6-(hydroxymethyl)-5-(((2S,3R,4S,5S,6 R)-3,4, 5-trihy droxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)tetrahydro-2H-pyran-2-yl)oxy)-5,7-dihydroxy-2-(3,4,5-
trihydroxyphenyl)-4H-chromen-4-one (4c)

Yellow solid (yield 98%); "H NMR (500 MHz, DMS0-d;) (ppm): 6 12.62 (s, TH), 10.84 (s, 1H), 9.08 (s, 3H),
7.19 (s, 2H), 6.36 (d, J=1.5 Hz, TH), 6.18 (d, J=2.0 Hz, 1H), 5.28 (d, J=7.5 Hz, 1H), 5.04 (s, 1H), 4.88 (s,
1H), 4.80-4.69 (m, 2H), 4.53-4.43 (m, 3H), 3.72-3.81 (m, 2H), 3.66-3.61 (m, 2H), 3.52-3.49 (m, 3H),
3.23-3.11 (m, 5H), 3.06—3.05 (m, TH); '3C NMR (125 MHz, DMSO0-d;) (ppm): 6 177.78, 164.54, 161.66,
156.73, 156.69, 145.80(2C), 137.14, 134.12, 120.39, 108.99(2C), 104.36, 102.52, 99.92, 99.08, 93.82,
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73.71,73.67,73.49,73.28,72.34,71.60, 70.45, 68.07, 66.42, 61.12; MS(ESI): m/z=643 [M + H]*.
Anal.Calcd for Cy7H304g: C, 50.47; H, 4.71%. Found: C, 50.45; H, 4.70%.

3-(((25,3R,4S,5R)-3 5-dihydroxy-4-(((2R,3R,4S,5R, 6 R)-3 4, 5-trihydroxy-6-(hydroxymethyl)tetrahy dro-2H-
pyran-2-yl)oxy)tetrahydro-2H-pyran-2-yl)oxy)-5,7-dihydroxy-2-(3,4,5-trihydroxyphenyl)-4H-chromen-4-one (
4d)

Yellow solid (yield 98%); "TH NMR (500 MHz, DMSO0-d;) (ppm): 6 12.62 (s, 1H), 10.84 (s, 1H), 9.09 (s, 2H),
8.90 (s, TH), 7.19 (s, 2H), 6.36 (s, TH), 6.18 (s, TH), 5.33 (d, J= 7.7 Hz, TH), 5.03 (s, TH), 4.85 (m, 2H), 4.70
(d, J=10.0 Hz, 1H), 4.59 (d, J= 5.0 Hz, 1H), 4.51 (d, J= 5.0 Hz, 1H), 4.39 (d, J= 5.0 Hz, 1H), 3.63-3.60 (m,
4H), 3.57-3.55 (m, 2H), 3.45-3.42 (m, 2H), 3.41-3.37 (m, 2H), 3.24 (m, TH); 13C NMR (125 MHz, DMSO-
dg) (ppm): 6177.78,164.54, 161.66, 156.73, 156.69, 145.80(2C), 137.14, 134.12, 120.39, 108.99(2C),
104.36,102.52,99.92, 99.08, 93.82, 73.71, 73.67, 73.49, 73.28, 72.34,71.60, 70.45, 68.07, 66.42, 61.12;
MS(ESI): m/z=613 [M +H|*. Anal.Calcd for CygH,5047: C, 50.99; H, 4.61%. Found: C, 50.98; H, 4.62%.

5,7-dihydroxy-3-(((2S,3R,4S,5R,6R)-3, 4, 5-trihydroxy-6-((2R,3R,4S,5S,6R)-3,4,5-trihy droxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)methyl)tetrahydro-2H-pyran-2-yl)oxy)-2-(3,4,5-
trihydroxyphenyl)-4H-chromen-4-one (4e)

Yellow solid (yield 97%); "H NMR (500 MHz, DMSO0-d;) (ppm): 6 12.61 (s, TH), 10.84 (s, 1H), 9.09 (s, 3H),
7.19 (s, 2H), 6.36 (s, TH), 6.19 (s, TH), 5.33 (d, J= 7.7 Hz, TH), 5.04 (s, TH), 4.88 (s, TH), 4.69 (d, J= 18.0 Hz,
2H), 4.61 (d, J= 3.4 Hz, TH), 4.51 (s, TH), 4.42 (s, TH), 4.33 (s, TH), 3.75 (s, TH), 3.63 (t, J= 7.9 Hz, T1H), 3.56
(s, 2H), 3.48 (d, J=11.4 Hz, TH), 3.40 (s, 3H), 3.26 (d, J= 10.6 Hz, 2H), 3.09 (s, TH), 2.99 (t, J= 9.1 Hz, TH);
13C NMR (125 MHz, DMSO-dj) (ppm): 6 177.78, 164.54, 161.66, 156.73, 156.69, 145.80(2C), 137.14,
134.12,120.39, 108.99(2C), 104.36, 102.52,99.92, 99.08, 93.82, 73.71, 73.67, 73.49, 73.28, 72.34, 71.60,
70.45,68.07,66.42,61.12, 40.47, 40.30, 40.13, 39.97, 39.80, 39.63, 39.47; MS(ESI): m/z= 643 [M + H]*.
Anal.Calcd for Cy7H3045: C, 50.47; H, 4.71%. Found: C, 50.46; H, 4.70%..

5,7-dihydroxy-3-(((2S,3R,4S,5R,6R)-3,4,5-trihydroxy-6-((((2S,3S,4S,5S,6RR)-3,4,5-trihydroxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)methyl)tetrahydro-2H-pyran-2-yl)oxy)-2-(3,4,5-
trihydroxyphenyl)-4H-chromen-4-one ( 4f)

Yellow solid (yield 97%); TH NMR (500 MHz, DMSO-dj) (ppm): 6 12.60 (s, TH), 10.90 (s, TH), 9.10 (s, 3H),
7.23-7.19 (d, J= 4.5 Hz, 2H), 6.37 (s, TH), 6.18 (s, TH), 5.34—5.32 (d, J= 7.5 Hz, 1H), 5.03 (s, 1H), 4.88 (s,
1H), 4.62-4.56 (M, 4H), 4.47-4.21 (m, 4H), 3.63-3.54 (m, 3H), 3.52-3.49 (m, 6H), 3.18-3.16 (m, TH); 13C
NMR (125 MHz, DMSO-dj) (ppm): 6 177.33, 164.12, 161.24, 156.25, 156.20, 145.39(2C), 136.72, 133.72,
119.97, 108.56(2C), 103.91, 102.01, 100.59, 98.67, 93.41, 74.10, 73.03, 72.90, 71.18, 70.92, 70.23, 67.74,
66.75, 61.05, 48.63; MS(ESI): m/z = 643 [M + H]*. Anal.Calcd for Cp7H300+g: C, 50.47; H, 4.71%. Found C,
50.49; H, 4.72%.
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3-(((25,3R,4S,5R,6R)-6-((((2R,3R,4S,5R)-3, 4-dihydroxy-5-(hydroxymethyl) tetrahydrofuran-2-
yl)oxy)methyl)-3,4,5-trihydroxytetrahydro-2H-pyran-2-yl) oxy)-5, 7-dihydroxy-2-(3,4,5-trihydroxypheny!)-4H-
chromen-4-one (4g)

Yellow solid (yield 97%); "H NMR (500 MHz, DMS0-d;) (ppm): 6 12.60 (s, TH), 10.83 (s, 1H), 9.08 (s, 3H),
7.19 (s, 2H), 6.36 (s, TH), 6.18 (s TH), 5.31 (d, J= 7.5 Hz, TH), 5.03 (s, TH), 4.87-4.84 (m, 1H), 4.68-4.61
(m, 3H), 4.51-4.33 (m, 3H), 3.74 (s, TH), 3.62-3.55 (m, 3H), 3.48-3.46 (m, 2H), 3.26-2.98 (m, 4H); 13C
NMR (125 MHz, DMSO-d;) (ppm): 6 177.33,164.11,161.22, 156.31, 156.22, 145.39(2C), 136.71, 133.64,
124.92,119.96, 108.54(2C), 103.85, 101.85, 101.03, 98.67, 93.36, 73.60, 73.12, 71.06, 70.77, 68.89, 68.10,
66.35, 63.59; MS(ESI): m/z= 613 [M + H]*. Anal.Calcd for CogH,5017: C, 50.99; H, 4.61%. Found: C, 50.97;
H, 4.60%.

5,7-dihydroxy-3-(((2S5,3R,4S,5R,6R)-3,4,5-trihydroxy-6-(((2S,3R,4S,5R)-3,4,5-trihydroxytetrahy dro-2H-pyran-2-
yl)oxy)methyl)tetrahydro-2H-pyran-2-yl)oxy)-2-(3,4,5-trihydroxyphenyl)-4H-chromen-4-one ( 4h)

Yellow solid (yield 97%); "H NMR (500 MHz, DMS0-d;) (ppm): 6 12.60 (s, TH), 10.83 (s, 1H), 9.06 (s, 3H),
7.19 (s, 2H), 6.36 (d, J= 2.0 Hz, TH), 6.18 (d, J= 2.0 Hz, TH), 5.32 (d, J= 8.0 Hz, TH), 5.02 (s, TH), 4.87 (s,
1H), 4.70 (s, 2H), 4.63-4.56 (m, 3H), 4.45 (s, 2H), 3.73 (s, TH), 3.64-3.60 (m, 2H), 3.58-3.55 (m, 2H),
3.51-3.52 (m, 2H), 3.16 (m, 2H); 13C NMR (125 MHz, DMSO0-dg) (ppm): 6 177.82, 164.50, 161.66, 156.80,
156.72,145.79(2C), 137.12,134.13, 120.43, 108.99(2C), 104.40, 102.50, 99.92, 99.04, 97.61, 93.81, 74.08,
73.77,73.53,72.30,71.53, 70.24, 68.26, 66.64, 66.15, 62.35, 40.43, 40.26, 40.19, 40.10, 39.93, 39.76,
39.59, 39.43; MS(ESI): m/z=613 [M+H]*". Anal.Calcd for C,¢H,50+: C, 50.99; H, 4.61%. Found: C, 50.98;
H, 4.60%.

3-(((25,3R,4R,5S,6R)-3 4-dihydroxy-6-(hydroxymethyl)-5-(((2S,3R,4S,5S,6R)-3,4,5-trihy droxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)tetrahydro-2H-pyran-2-yl)oxy)-5,7-dihydroxy-2-(3,4,5-
trihydroxyphenyl)-4H-chromen-4-one (4i)

Yellow solid (yield 97%); "H NMR (500 MHz, DMSO0-d;) (ppm): 6 12.64 (s, 1H), 10.86 (s, 1H), 9.18 (s, 2H),
8.91 (s, TH), 7.19 (s, 2H), 6.38 (d, J= 1.9 Hz, TH), 6.20 (d, J= 1.9 Hz, TH), 5.51 (d, J= 6.8 Hz, TH), 5.32 (s,
1H), 5.24 (s, TH), 5.00 (s, 2H), 4.75 (s, TH), 4.60 (s, 1H), 4.32 (s, 1H), 4.26 (d, J=7.9 Hz, 1H), 4.09 (s, TH),
3.69 (t, J=13.3 Hz, 2H), 3.41 (s, 5H), 3.27 (s, 1H), 3.24-3.18 (m, 1H), 3.07 (d, J=9.2 Hz, 1TH), 3.00 (d, J=
8.3 Hz, TH); '3C NMR (125 MHz, DMSO0-d;) (ppm): 6 177.76, 164.57, 161.68, 156.70, 145.84(2C), 137.11,
133.83,120.42,108.93(2C), 104.38,103.71, 101.05, 99.08, 93.80, 81.03, 77.25, 76.91, 75.88, 75.34, 74.06,
73.73,70.46, 61.46, 60.96, 49.05, 40.44, 40.27, 40.10, 39.93, 39.77, 39.60, 39.43; MS(ESI): m/z=643 [M +
H]*. Anal.Calcd for C,7H304g: C, 50.47; H, 4.71%. Found: C, 50.48; H, 4.70%.

Hypoglycemic activity

4-Nitrophenyl-a-D-glucopyranoside (PNPG) and a-glucosidase were purchased from Sigma-Aldrich
company, USA. Acarbose were purchased from Solarbio Life Sciences, Beijing, China.
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The PBS buffer (125 uL), test derivatives 4a-i (10 uL) and PNPG (10 uL) were added to the 96-well plate in
turn, shaken at 37°C for 8 min. Then, a-glucosidase (5 uL/well) was added and shaken at 37°C for 15
min, at end 0.2 M Na,CO5 (75 uL/well) was added to stop the reaction. The absorbance at 405 nm was
measured with a Microplate Reader (Molecular Devices, Silicon Valley, USA). The data was analyzed by
SPSS 13.0. The inhibition ratio of different concentration was calculated by the following equation:

A2p5conroi-A40izampie

Inhibition Ratio=

=*100%

Agosconmol
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Structures of myricetin, M10 and target molecules.
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