- 1240 - fbim i 2023 4F 55 86 & 45 10 M

WRERERITEMARIER

A& &Rk LTA EIET

CFBIN Tl B2 AR 2 e 227 52 TR A Be BN 451100)

AOE AN AR A R ZBER R T RN, MERE M RAZEH, 2
Z R R P R B R A RS R B — o B F R KR A BT AR, AT UG AR S R A il
TR M R FORIB AL S W, B A5 oA AN MO B, TR Ak 22 5 e Ut R A TR A G A 20 i
DAL I L A5 o 3 B, B T R 2 B L REST R PR PO TE B AN BB UG T 0 TR I O SRR
AR IS AR J3E R A ) P R BRI R NP o A e 3R HE AT O A B AR AR T I R P RE L B
AT BE o 18 VWD A e 0RO 0 0 A M B SR AT AR R SCHE SR IR T AT AR R M Bz 3R A A W 0 O 5
J& ot B FATE YR — 2L TT R RS %

XA OWER B WAY HEfdk R bUE

0!

Research Progress in Quercetin Ester Derivatives

Zhou Jing, Feng Yali,
(College of Pharmacy and Chemical Engineering, Zhengzhou Institute of Industrial Application

Technology, Zhengzhou, 451100)

Feng Shuang, Zhai Guangyu "’

Abstract Healthy lifestyles place special emphasis on food quality, and polyphenols play a key role in this
regard. Quercetin is a kind of natural polyphenols and one of the most abundant flavonoids found in many plant foods.
Quercetin is a natural antioxidant that protects cells from damage caused by free radicals. Quercetin is a lipophilic
compound, which can pass through the cell membrane and regulate many intracellular and extracellular signal
pathways related to disease progression and chemical prevention. It has a wide range of pharmacological activities. It
can resist inflammation, antibacterial, antiviral, anticancer and prevent or treat cardio-cerebrovascular diseases, but
its low solubility and bioavailability limit its clinical application. Quercetin derivatives with good solubility, high
bioavailability, improved activity and enhanced anticancer activity were obtained by optimizing the structure of
quercetin. This paper focuses on the research progress in quercetin ester derivatives in recent years, in order to

provide reference for the further development of quercetin derivatives.
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Scheme 1 Structure of quercetin
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Scheme 2 Quercetin-5-acyl esters
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Scheme 3 Quercetin 3 or 7-O-oleate

1.2 mEHE

EAURIENE IR ) S RN ) N ]
SR R EL B A R i 9 4 A AR A Dy T A
FAE A P v MR T 2 0 A0 M T ) RE
PUJE 1 RE A 5 UL T 2 B I 5 4 Y i SR AN AR
A Wit K2 2 09 A W Rl B AR &, Danihelova
A5 S PR e S [ R e 1 A 06 i 3R 4
g IRX — R, EX IO FE P, BT 5 A
10 ELAT A [a] I B AR A 4 e R AT A Tl T B

0~c

o e
AcO 0 O O (E\
O ] OAc 0
. Q

TR PR SN e 8010 F0 40 Jf 35 0 P . SE I R TR T
BrE T T, 3a~3e (KX 4) BT AfkiE 1 S
Wik M ZEAR S . MTT SE56 s , 3a X A B 2009 240 it
HeLa [ 20 Mo 85 06 PE 84T, 1C,, i 29. 6mol /L ( #it
R % 1C,, = 35. Spmol/L) o X T 3F 9 /N BUR £F 4
41 e NIH-3T3,3a [ 1C,, i 15. 5umol/L, 3d 1Y
IC,, b 26. 8pmol/L,3e [ 1C,, & 20. 3umol/L( #ft
JZ3R 105, =20. 9pmol /L) o XLELER R i 1Y
BAL T DAk st oA i d e

AcO OCH;3

0 C/rom
\

OCH,
OCH;

b

OCH,

C- |
0 0 _@ OHOO,C\QOCH3
OAcO OCH,
3a 3c
0  CH, CH;
0-C- c CH,CI H,C, 0-C- C CH,CI
O o O “CH; C1H2C ~C— ¢-0 O o O “CH;
H3C O O CH3

OH O OH O C/C CH,CI

3d

E =X 4

4

e O CH3

W R AR BEEER

Scheme 4 Different acyl esters of quercetin
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Scheme 6 Quercetin 3-0-acyl esters
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Scheme 7 Quercetin-3'-or-4’-0-amino acid esters
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T FE B0 B 00 A B AR A 2 M B 3 LA T R
RAE . W OBE R B BR (FPBA) B A B W 1E
R Abid 45 U0V H A pe 35k R 3 0 R A
NaH,PO,-NaHPO, 2% Mg i s s 15 31 7 4k i R
R g (10, K150 10) o F256 W7, 10 X 45 2= [ F
P TR R 22 T T A AR e A T v
JE R Al B ZBEAR 2 A5 LA b A R B e 4
WEMARE MM AERERGE R, 5 10 BF
3hJE, BN S AR . 8 Gl B R LA
10 7397 , B 1 A A P R L R A T A BE PR 9 KRR
P T 64% ~99% , 2V B VAL o B IR
i KB 10 K5 U A A B R AR AT 4E A
TR SN =E S AR T o I R N o L = 4
(PDID) M REAR LA KT v A0 11 45 1 BB Y el 2
i 10 B K16 97 W5 PRI /2 5t 97 1 BLAH SR 9% 5 OF HL
oA mT 4 HE A T 25 P 2R R AR R

B 10 52 = i EL e

Scheme 10 Quercetin borate

5 #FkmE

Wit K 22 507 Z2 A SR AL G ) — | BRI
Ko, 113, K, 11 BRI & S 5
A WA 5V 220 B LA O A A e I 11
WE PRI 463 40 | H I PR 5 R0 3l ik ok A R Ak
K, 1.1 30 T8 23R 7 T Y B 28 AL Carullo
SO I B AT A K 11 T R
DIME R WY, 5 3,4- (ML B 4008 ) YA IR 5
o TR (1,2- 28 -3- IR ) )b, 5L 5 4R
P SO IS RS a-B=E R S0, G T 3 i e =
FIREEAT AW (11a~11e, B2 11) , LEE5R B
7~ 1a B BHEEPURREE , 11b A1 11e B A K, 1.1
300 T VR R I T SRAE X S R I A A
REATE R I RE TR

6 Hfith

K 0-3 ZAMHENIR, 22 = Tk
IR (EPA) f1 -+ kN M2 (DHA) N H B A
T B 5 9 R 2 Gkt B 1 AR T R b Az B AT 1Y
WA, AT R R A -3 Z R0
R A B T2 LRI & B, IR AR O I 55 20 |
S PRI e RO e Y KU £ il Bk



- 1246 -

AR 2023 4E 45 86 4 45 10

http ://www. hxtb. org

O

e O

SRR

S

S-s 0“
MOO| OH
0 OH

OH O OH O OH O
11a 11b Ilc
B 11 R EMERDE
Scheme 11 Quercetin lipoates
NN -3 Z A HE 7R Y 32 2RI, 58 ) 2 1 DHA 5 304 156 580 52 0, Jn A B 38 S, 23 5

EPA #l DHA , ¥ 2 E & fuif o s AL 2, 4
PRI A= AT A, DA AR L5 1 -3 Z2 AR
i I T ) B R M R B — Rl
LR 2R o8 NG NSRRI 72 R R I Rl )
MR e R 5 A K -3
zﬁ’f@%ﬂﬂ‘aﬂﬁﬁa/‘ﬁﬁ FE B A W) 3% PE2 Liu
LT R -3 2 AW AE D RR R, EPA

()
o .
Ol OH

13 20 Fz 3R -3-0-— 1 B¢ T 46 TR TR (12a) A1 52
F-3-0-ZF TN R R (12b, KX 12) , S5
7~ ,12a 12b %} DPPH Hl ABTS H 3£ H & T
A9 TR R 16 P A 55 AL i 1 R R 4 v 4t L o A
1A T 38 58 1 4 B b AR AR TS L R LY
Mk B2 2% -2 A ARG 7 2 TR T BB 23 X A A B
U 1 A T

L
Ol OH

(0}
O OH O | P e S N SN
OH O N NN 12b
12a
B 12 WEE o-3 5 NE5M00EH K
Scheme 12 Quercetin ®-3 polyunsaturated fatty acid esters
BTG R IR A R LM — 28G5, BB (TBAHS) U8 i B2 15 O B I 26 1k & W) 1Y it

Mk Bz 2% T R P EL AT POV I PO 7 400 I R 2ot 4
PRANPL P SE TG A R R L M R
R WAk R = e mmE Y, A8 — %

CHREREE IR A Y. Barron Ul FIBR R DU T

6590, 38 i1 575 TBAHS #1 DCC /Y b i), 15 3] 1 o
B OBUBCAR A = AR e 22 R e 177 2E ) 13a~
13c(F= 13)

AR 5T B S A i (PDT) AR Ay il 5 45 7

OH 0S05° 0S05°
"0,S0 o O 0330 0 O 0350 0 O
O oso3

OH O OH O OH O
13a 13b 13¢
O OSO],_ OH OSOS-
- HO 0 O HO. (0] Q
0580 O OI 0805 O | 0805 O | OH
0S05” OoH OH
‘0,80 O OH O OH O
13d 13e 13f
OH 0805° ol
HO 0 O HO 0 O - 0550 0 O
0S0;” OH OH
OH O OH O OH O
13g 13h 13i

B 13 WEEmERE

Scheme 13 Quercetin sulfates



http://www. hxtb. org

b2 2023 4F 55 86 45 5 10 i

. 1247 -

A7 I A4 TR B ) B R N R R B, R RE TR )
IR 8 T 400 Khan 57 3% 9F A R
— o A AR T B B A OSN3, 37
4°,5,7-0-TL B R G (13d) . 4 A Sh IR 1% PDI
A 13d BF, AU b B Ol R R, 45 AR R
13d 2 — Rl B0 B PDT TG P 38 55 5510, nl LAS i) oL
S b B I % 2 VAT T
Valentova %5 SR Kz 22 R0 T filf 35 2K Bt 1R 5
Xof il O B E LA pH =8.9 N, R FH A R Je i
(D. hafniense ) it iR %% 7% i 5 W T #it B2 2 -3-0-B
MR LR (13e) Mit iz 2 -4'-0-BR FR £k (13F) Ml Jz & -3-
O-BR R L (13g) LA KMt Bz 25 - i e $h 1 & W (#it
FR 3 ,4-Z 0-fiR ik (13h) Mt %-7,3'-2 0-
Bl AL (130) ) . X4l fb (1% BB 2 £k R — 5 R &
YEAT T DPPH M1 N, N-— F K%t 28 — )i (DMPD)

“O

OHo

Of)OH

H 1 EEE B IE PR, 7E DPPH At 13e L
136 ZOR T 5, 136 12 55 4 1 2R3 D 500 A g o
b A A R
B A T TR T O R I e U RO A, SR
ALY S NS R A0 B A
B AR LM 2 BB R R R AT T AR A I R AR
[P] T2 T T R < T EL i 1 Tl 00 o) 5% A AR M B9 4
R, GRSy FAH L B 1 5 0 B 2L &
Xof 32k LR AR I M TR e AT P £ " o 4 o 35 e
S W, 3L 7l R AT AR W Y A S PR R R
Osonga %" AT 3 MM REER AT LY, Mtk
ESERIATH i N R NG R e S |
14c., Mt 2R 5 RAR RN, 75 W BERR — N g
N, 55 = R R o O R R A 47 R 3R PR TR
fig (14a) A1 5,4 -M Kz K W BR g (14b, F =X 14) .

HO’P\OH

0

0

p —0 0 ~OH
on 14c

O POH
OH

B 14 R EHERE
Scheme 14 Quercetin phosphate

PR RS2 — ﬁa&ﬁwraﬁm#mﬁawm%
FR, BA U MU E L rERE L R 5 M
GRS AR EY R ri? Saik 4%
98 T FNC AR 22 T BE IR T i B ( CAL-B) FIVE 24 {1
FMIE IR N C(PCL-C) fEAL i i & 15 R R
MITEAL RN . A BT 3 A8 B I AL A K 2 1R RE 1R

Q
O—C—HC=HC’®
i ®

ReS e

OH

OH O
15a

Q
QCH:CH—C—O ‘ o)
|

OH O

TTEEY) W B 3R -4 - RE R TR (15a) Mt 2K -37,4'-
T RFERR R (15b) M -7, 37, 47 - = R R
(15¢, B 15) . L8 Bon, =B A 2 2 AT
Ay LA LM R SRR . PRI 15a
1 15b T REE EA L IRTE M 259, 7R BE 25 R &
dn 1ol i B B R

w0 L ¢
O | O—C—HC:HC—Q
OH

OH O
15b

OH

15¢

EX 15 WEZAEBRETEY

Scheme 15 Quercetin cinnamate derivatives
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Scheme 16 Quercetin palmitate
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Tab.1 Anticancer activity of the most promising quercetin derivatives compared to quercetin [ IC,( pmol/L) ]

1C5y/ ( pmol/L)

A A i fz % 1le 2b 3a 4b 5k 6g"
%5 1% HCT116 5.79 1.53 0. 34
L M9 MDA-MB231 5. 81 1.51
B B HeLa 35.50 29. 60
JiT 98 HepG2 >100 38.49
W% R PC-3 >100 14.23 6.00

* Glyy( wmol/L)
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