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B, A AWM A, KA REMER SHEN LAY, B, REHELH; A DPPH, ABTS,
FRAP &K% & 2146 9 FBALRE Ay, aBid 5 9h o 0 0 B il X e S BOK A 1 5 T ik Jf BLE TR AR BAL AR H R 5 WAL )
wed, FRITHME L ZSM ., R RIMETLHEMN SR ENEH 294, F TR TEHHIE, HrRT
FERAKE S B AF 9L A4 ZA0L, ZA31, ZCO1 A= ZC32, R 3FRK AL /1 3% 691064 ZA01, ZA31l, ZCO01, ZCl11 e
ZC13, R ¥ ZA01. ZA31 4= ZCO01 3k LA R BAL e ) BOESMROIAE /1, 518 =St B4 4 125N 3-F Ak -4-
FRFL, RARRAREARAFEIEBMAE S ; BE AAZFINIT AR F I, WA e MRt 7 E5IN
BT A, WAAHIRA L UVB EWTOKEE . L ZAOL, ZA31 = ZCO1 AR E M —Emg £iLe 2t —F R h &
BLHEARE A A W A

KR —Ambrg; WA AR EE; AT R B SRt

FEDHES: R4 ERFRAERD: A NEHS: 1007-7693(2025)12-2022-13

DOI: 10.13748/j.cnki.issn1007-7693.20243476

SIRAARY: MERE, 2F3x, KEM, & FELRAALE DI = Svbeg LB EF 69 5F 2 [1]. B IAR A 5, 2025,
42(12): 2022-2034.

Screening of a Novel Dihydropyridine Sunscreen with Antioxidant Capacity

ZHU Yuanyuan'?, LIU Xueying®, ZHANG Dongxu®, QIAO Youbei’, CHEN Xin", WEI Zhao®*(1.School of Life
Science and Technology, Wuhan Polytechnic University, Wuhan 430023, China; 2.School of Pharmacy, Air Force Medical
University, Xi'an 710032, China; 3.Department of Pharmacy, Tangdu Hospital, Air Force Medical University, Xi'an 710038,
China)

ABSTRACT: OBJECTIVE To design and screen a novel class of dihydropyridine compounds with both potent antioxidant and
sunscreen properties. METHODS  Utilizing a fragment-based drug design strategy, a series of novel compounds based on the
dihydropyridine structure were designed and synthesized, and their structures were subsequently verified by nuclear magnetic
resonance and high-resolution mass spectrometry. The DPPH, ABTS and FRAP methods were used to assess the antioxidant
capacity of this series of compounds, while UV spectrophotometry was used to evaluate their UV absorption capability. The aim was
to identify compounds with both potent antioxidant and sunscreen properties and to analyze the structure-activity relationships.
RESULTS A total of 29 novel dihydropyridine compounds were successfully constructed and their structures were confirmed.
Compounds ZA01, ZA31, ZC01, and ZC32 with excellent antioxidant capacity and compounds ZA01, ZA31, ZC01, ZC11, and
ZC13 with strong ultraviolet absorption capacity were identified. Among them, ZA01, ZA31, and ZCO01 exhibits both potent
antioxidant and sunscreen properties. CONCLUSION Introduction of 3-methoxy-4-hydroxyphenyl at position 4 of the
dihydropyridine nucleus can significantly enhance antioxidant and UV absorption capabilities. Introduction of p-nitrophenyl at
position 4 can result in broad-spectrum UV absorption capabilities, while introduction of tert-butyl can significantly improve
absorption capabilities in the UVB range. Compounds represented by ZA01, ZA31, and ZCO01 have the potential to be further
developed into highly effective sunscreens or antioxidants.

KEYWORDS: dihydropyridine; sunscreen; antioxidant; phenol; fragment-based drug design
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Fig. 1 Representative sunscreen agents and dihydropyridine compounds
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Fig. 2 Strategy for constructing novel antioxidants and sunscreens via FBDD and high activity target compounds

TR, EEMWET DHP 4 2, 3. 5. 61
TAARFEACIA ZA . ZB fl ZC 3L 3 4R 51 HY
A, HAHEET DHP BR L 4 7 BURC 3T
AL SR AN BE T s, SESERL T 29 A
ARG S EERRIN . S 1,1-T R -2
FEMWE (1,1-diphenyl-2-picrylhydrazyl, DPPH) [ H 3
TH R L 2,206 A XL -3- 2, BL 4 1 15 s ok -6tk iR
[diammonium 2,2'-azino-bis(3-ethylbenzo thiazoline-
6-sulfonicacid), ABTS] H HEGERIE . ik mPT
A AkfiE S (ferric reducing antioxidant power, FRAP)
% 3 RO o DL BAR L&Y 2 TP s AL RE P
M, 38 5 A a3 OO BE R 2 S
UVA } UVB BB I iie /1, ek ts 2 Hi
fhfig 1o | AN IS RE ) s L A
1 #MR5R%
1.1 e

Bruker ARX-400 #% i 3: 42 4% (3 [E Bruker 2>
A ); Agilent 1100 PU 2% #F W& i B¢ H X (3£ H
Agilent 2% 7 ); SYNERGY 4 #7 1% (3% [ BioTek
Instruments 23 7] ); SHIMADZU-UV-2600i 48 4} A]
WA FECEE T (H A B EA Ao

L (O bral, LS. 01226763), — LM —
e (B 99%; L5 . 0415741005) ¥ B it
ZRMBH A FR A |]; FERCT ek (43 #ré4t,
#5 . 016520158). DPPH( = : 99.5%; #t5 .
013590493), 7 # i (& & : 99%; #t % .
016520137), ik £ M (& & : 99%; #t % .
01015901) ¥4 T b ¥ By sk 35 Bl AT PR |] 5 /K
gl 3,4- T FREORHEE (LS. 01021696).
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Fig.3 General synthetic route for dihydropyridine target compounds in this study
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Tab.1 List of the structures of 3 series of synthesized target compounds

O R O

O R O

goncalonclic el

ZA?JJ ZBZY% ZCH%
5 R i’ R G5 R P R i’ R
OH 0 0— VA
ZA01 ZB02 L on ZC05 \\s ZC14 y ZC27 WCN
(O HO HO~ O O —
o i 7B\
ZA05 X ZB03 ZC09 ZC15 S— || zcas =
HO HO o
0 OH
ZA09 ZB05 3 ZC10 ZC17 w< >— ZC31
MrJ/ HO’\Sb E \{ cl WOOH
0 OH g wQOH
zarz - ~{ ) ZCo1 ZCl11 ZC20 m< >—< ZC32
OH o HO
ZA23 m©—<o 7.C02 I N ZC12 2 ZC21 { ZC37 0
_ HO~ N ~-OH /@*0}1 ”WQ_O " oH
NN
ZA31 Ot ZCo3 ZC13 7C23 _@%O
Lon . @ ~{ HyNo, -

SEFIRIEEAE DL “2.17 TR

AL A £ . 250 mL BRI PINA = 26
M 11.22 g(100 mmol), 70 mL 75% Z. B %5 f#
UK K W b i PE L 2443 ¢ 1,3-0 B B N R
(200 mmol, JIA 5 mL ZEER; (1 E4k) TH T
S g8 A, 15 min NTE 5, 4kZehidk 12 h;
75 mL Z&ZK A, HERMPE 4h, 20.2 g Wi
fiz (202 mmol) 18127 A, 15 min L, M HE
30 min, 60 C #it$k 10 h, SRR

9-(4-F% Hk -3-H A BE R 5L )-3,3,6,6-D0 HT -
3,4,6,7,9,10-7 & 1Y BE -1,8(2H,5H)- - fili] (ZCO01) 1)

il %« #E 20 mL 95% & B H I A F R 0.76 ¢
(5 mmol), ik 1.40 g(10 mol), ZWR% 0.58 g
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(7.5 mol), A A A 0.1 mL, YA FHE
(89 °C), it 8h, MribvivE. fFibm#didt:, A
SR EI IR E<40 °C, fliyg, 10 mL Jo/K ZEEYE,
P 10 mL HUESRUT BEmEVE, T, ik,
75 °C Eas T4, FRE 134 g, IOK 68%, 'H-NMR
(400 MHz, DMSO0)6 9.10(d, J=87.5 Hz, 1H), 8.60(s,
1H), 6.67(d, J=8.0 Hz, 2H), 6.51(s, 1H), 4.67(s,
1H), 3.57(d, J=69.3 Hz, 3H), 2.47~2.22(m, 4H),
2.22~1.83(m,4H),0.94(d,J=47.3 Hz, 12H) . *C-NMR
(101 MHz,DMSO)d 194.42(2C), 148.94(2C), 146.67,
14431, 138.48, 119.74, 114.73, 112.19, 111.73
(2C), 55.47, 50.292C), 32.09(2C), 31.85(20C),
29.15, 26.36(4C). HRMS(ESI) m/z: it & {H
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C,,H,,NO, 396.217 5, SZi{H 396.216 9,

4-(4- 72 -3- WA BRI )-2,6- I BE-1,4-
M iE -3,5-— B iz — W fig (ZA01): 50 mL [B] JiK )
L, IMAZBEC R (1.30 g, 10.0 mmol), FFHL
£ (0.76 g, 5 mmol) F L FR%E (0.58 g, 7.5 mmol),
N 10mL, B A XF H 2K B R (0.09 g,
0.5 mmol), MBTHEZ 85 °C, HtFE 12h, BHZE
i, PO EEAERE, 2T (DCM/MeOH=
30 : 1, 0.1% ZUK) 15770 ZA01(1.69 g, 90%), &
fEfA, 'H-NMR(400 MHz, CDCl,)47.26(s, 1H),
6.96~6.69(m, 1H), 5.58(s, 1H), 4.34~4.00(m,
4H), 3.86(d, J=18.0Hz, 3H), 2.46~2.14(m,
6H), 1.27(dt, J=222, 7.1Hz, 6H), "“C-NMR
(101 MHz, DMS0)5167.68(2C), 145.80, 143.91,
143.46(2C), 140.06, 120.51, 113.85, 110.92,
104.40(2C), 59.702C), 55.77, 39.16, 19.64(2C),
14.33(2C). HRMS(ESI) m/z: 8 {f C,H,NO,
374.160 4, SZI{E 374.160 3 Da.

122 HistbaWyiabre hl AU
DPPH. ABTS. FRAP 3 F 5 20A B A A H bRk
YR PLE L RE f1, BEHUHE A F C(vitamin C,
VC). /KPR VE 251 Trolox . — A MEIES L
JEFAYT R LA K R LB R 7] MEC #1 OCR(FE 1) 1
R FHMERT R, AR E AT

1.2.2.1 DPPH iERRRMIKX ODPPH H i34
BOBCH . ERRPRE 1,1- 2K -2- 1 5L 3.95 mg, 7
i I JCOK S BEE A & S0mL, BEOGIRAE
QEHIFFMAE AP BEF (110 mol- L7,
FH 75% CBERi R AR e 5 ) I e 2 BH A% AR
MR . @RI : 96 FLA KA 180 pL (1)
DPPH [ Hh EE1 % AN 20 L 030k 5, 8% R ik
2 MA B IR A RN . @EEHEE 30 min, FHE
PRACI B 517 nm ARG B, A 3 RECE
BIE.

DPPH [ H 5 75 B R =[1-(4,-4,)/(4,)]%100%
(CHerb A, Ry IRAE 5 +DPPH VAW I WOGRE ; A4,
AR S +JE K 2 B 0 W G BE 5 A, 9 DPPH %
WA+ TCK CEEIRGEE) o

B e B R P AR S Uk BE A 100 pmol L7
DPPH %4 100 pmol-L™'; M5 ECy, {EfH 12}
WA s 160, 80, 40, 20 pumol-L 'L &
Yl F 20, 10, 5. 1 pmol-L™)., {#i /] GraphPad
Prism 5 3R F X () R bR R (V) dE T4 pE
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G, HEEBRR (V) N 50% BF XTI R vk B
Frif2z (R ECy, )
1.2.2.2  ABTSTEBRHRMX O H| 20 mmol-L™
ABTS" 7K . 20 mmol-L ™ K,S,0, /K&, I3
HIELC 700, 245 uL, FEAIAIK 1055 pLFtit 2 mL,
ABTS ., K,S,0, &k FE4r 3]~ 7. 2.45 mmol-L™),
WG N 12 h, i B (50 f5 4247 ) B AE 734 nm 4b
A G RE A 0.7£0.02(ABTS 29 140 pmol-L™! /¢
), 1ER ABTSY TAEWR . QECHI R IIA RV Y
FEGRTSIR . FE S P B SR BC ] 10 mmol L™ R,
FEH 75% LFERRE MBI . 396 FLAPIMA
20 uL B3R R GV EEAE W, FRANA 180 pL
ABTS" TAEW, [AIAS 15 825 HARNE R X iR . w
TREEG RN, 5. 10, 30 min 4391 FH B bR A
734 nm b BYIEEE
ABTS HHIEESSR=[1—(4,—4,)/(4,~A4,)]x100%
(A, NEES R AABTS TAER WG, A, ke
AR TR R MOGEE , 4y o ABTS AR+ 7]
MIOERE, A, REEFIROGCED) .
e 28 ] 10 min U %E A9 OD TR IEBR %,
B e B 3 PR S 24V BE R 40 pmol- L',
EC,, [ 2 U E A 40, 20, 10, 5 pmol-L™
@& 20, 10, 5. 1 pmol- L™, i
GraphPad Prism 5 #{4XF W (X)) FE BR % (Y) #F
TEMERE, TRIEERAE (V) K 50% WX FE
A, B EC,, fH.
1.2.2.3  BARJERE AT (FRAP %)  (DFRAP
B oH 5L W B . Bk Eh R (12 mol- L)
0.1 mL 7K 2 30 mL, Fc il 40 mmol-L™" & iR %5
W PREXESTREN 1.56 g, MVKESHR 8 mL, FH/KH
BERZE 500mL, % pH N 3.6, 14 0.038 mol-L!
BETREN S PP, B T REEAL . PRI AE 3 =
W& (tripyridyltriazine, TPTZ)#£ i 31.23mg, H
40 mmol-L™' fYELIREAZE 10 mL, 4 10 mmol-L™
TPTZ ¥ W, & T VKA % & H o FR
FeCl,-6H,0 162 mg Al A 30 mL z51# /K, RS, 145
20 mmol-L™" FeCl, %, #H. @TPTZ TAEW K
Bl : 2.5mL 10 mmol-L™' iy TPTZ iF#, 2.5 mL
20 mmol-L™" /i) FeCl,-6H,0 Fi1 25 mL 0.3 mol-L™' /1
i FR 2% 0P (pH 3.6), #ZHE 1:1: 10 HLBlIR A3
51 OFE S BCH]  FCE AR BRI (1
102 mol-L™"), FH 75% £ Ffi B (MR &k i
100 umol-L™"), [A]H L & PH 4 XT B (Trolox/VC) %
rRE BN 252 2025 4F 6 H 55 42 B4 12 )




o @R AR . 96 FLAR H K i A 180 pL
TPTZ TAEWA 20 pL MK 5, 6T iR
Ny RECHERE 40 min, FHEEARCN & 593 nm 4k
PR, HE 3 IO,

AH X 8 JE 53 R =(A—A (A, —A)*100%
[4, 72 48 B A I D3k A B BT I 3 Age; nm &b
ODfH , A & %8 I3 A B BT U A9 Ase; nm 40
OD M, A, AR HEHs T8 r ik oD i
(— 5 S50 v B I A B B KA AH R, LABR(E N
HE, XM 100% BB JEEE ST, AT A
AR EPO PSR EYENE D o2
1.23 A EEE YR ESMRE T i
B 3R S H BRSO (1<1072 mol- L"), HX 80 pL
FHTC K RSB 28 3.2 mL, A5 I5abARE S e 2.5
107 mol-L™' G 43 FF & 78 BL L fik b P59 BE 2 4% o
4 £5) . FTFFEAMAT WA BT, HURE & 4 A
i 2 mL A HL, S Hbin AJoK B, 17
HERIER, WiAIFid 3K 280~450 nm W
B, BHAE XS BE A 45 5 H B Il 7] MEC. OCR DA %
VC. Trolox.

2 #R5E
2.1 AR EEEY

Z M “1.2.17 @A O, U LY
MIEEZE A B RE, Ty E T A e 2R A
Y294, R UILETIACA R EMES Hr
EWREH ., BT “12.17 hESHR 2 M
G056, T ERCERH LGN, &
BT 1 K R B U 25 -

D2-(3,5-= (LA BRHE))-26- — I K- 14-— A ik
WE-4-35) FEHE R (ZA05): R A1 45 ZA01 *HU
ik, B HBR RS (137 g, 67%), EORFEIK,
NMR(400 MHz, DMS0)d8.28(d, J=2.3 Hz, 1H),
7.81(dd, J=20.5, 7.0 Hz, 2H), 7.54~7.42(m, 1H),
4.49~4.38(m, 1H), 4.16~3.99(m, 4H), 2.50(s, 3H),
2.38(s, 3H), 1.27~1.11(m, 6H), *C-NMR(101 MHz,
DMS0)6166.06(2C), 155.25(2C), 147.10, 139.95,
137.67, 129.02, 127.76, 127.13, 107.05(2C),
58.69(2C), 50.04, 20.97(2C), 19.08(2C). HRMS
(ESI) m/z: H81H C,,H,,NO,S 408.111 7, =il
{H 408.111 2,

@4-2.3-2,6-— H Fe-1 4- Ak nE-3, 5-—H

“HEE (ZA09): K A2 ZA01 AHL T I,
B HFR W (1.6g, 64%), # @ E A, 'H-NMR
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(400 MHz, CDCL,) 6 4.34~4.06(m, 4H), 3.91(t,
J=5.6Hz, 1H), 2.29(s, 6H), 1.42~1.32(m, 2H),
1.29(t, J=7.1Hz, 6H), 0.75(t, J=7.5Hz, 3H).
BC-NMR(101 MHz, CDCl,) 6 168.19(2C), 144.73
(2C), 102.81(2C), 59.56(2C), 34.10, 29.29, 19.48
(2C), 14.42(2C), 9.25., HRMS(ESI") m/z : it &
4 CH,,NO, 282.170 5, SZilf 282.168 7.

34-(3,5- (LEHIL))-2,6- —HIFE-1,4- Ak
WE-4-58) KR (ZA12): KA % ZA01 A1)
s, B HFRTS (078 g, 42%), EEGEE, 'H-
NMR(400 MHz, DMS0)d9.19(s, 1H), 7.69(d,
J=8.1 Hz, 2H), 7.06(d, J=82Hz, 2H), 4.85(s,
1H), 4.16~3.83(m, 4H), 2.35~2.09(m, 6H),
1.13(t, J=7.1 Hz, 6H), *C-NMR(101 MHz, DMSO)
5170.02, 166.99(2C), 148.57, 145.32(2C), 138.25,
128.56(2C), 126.13(2C), 101.79(2C), 58.87(2C),
55.98, 18.15(2C), 14.15(2C). HRMS(ESI) m/z :
A C,H,,NO, " 374.160 4, S 374.161 0,

W4-(4-(F A2 B L) A HE)-2,6- I 3k-1,4-—
M g -3,5-— i — W R (ZA23): & H AL &
ZAO1 AU, 13 BbR=M (1.0 g, 67%), FIffE
&, '"H-NMR(400 MHz, CDCl,)#7.89(d, J=8.3 Hz,
2H), 7.35(d, J=8.3 Hz, 2H), 5.04(s, 1H), 4.08(qd,
J=7.1, 44Hz, 4H), 3.88(s, 3H), 2.35(s, 6H),
1.22(dd, J=16.5, 9.4 Hz, 6H), *C-NMR(101 MHz,
CDCL,)6167.30(2C), 167.25, 152.94, 144.13(2C),
129.32(2C), 128.12(2C), 127.96, 103.71(2C),
59.84(2C), 51.93, 40.00, 19.66(2C), 14.24(2C).
HRMS(EST") m/z: 115 C,H,NO," 388.176 0,
SEE 388.175 5.

® LI 4-3,4- "R IEIEI)-2,6-  F I ,4-
TENERE- 3,5-H R W g (ZA31): R
ZAO1 FHLT %, S EFR M (033 g, 21%),
a4, 'H-NMR(400 MHz, DMS0)48.67(s, 1H),
8.58(s, 1H), 6.53(dd, J=12.7, 5.1 Hz, 2H), 6.39(dd,
J=8.1, 2.1 Hz, 1H), 4.70(s, 1H), 3.99(qd, J=7.0,
3.3 Hz, 4H), 2.23(s, 6H), 1.14(t, J=7.1 Hz, 6H), *C-
NMR(101 MHz, DMS0)4167.23(2C), 144.47(2C),
14420, 143.04, 139.41, 118.04, 114.88, 114.74,
102.15(2C), 58.94(2C), 37.83, 18.05(2C), 14.16(2C).
HRMS(ESI) m/z: it 8 CH,,NO, 360.144 7,
SENE 360.144 3,

©9-(3-F%% H£ -5-(F% B 3k )-2-H 3
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3,4,6,7,9,10-75 &M IE-1,8(2H, 5SH)- —Hli (ZB02): K
FHANH £ ZC01 AL T, 5 HAR™ i (1.68 g,
95%), # {0 [ & . 'H-NMR(400 MHz, DMSO)
5 9.86(s, 1H), 7.83(s, 1H),5.76(s, 1H), 5.01(s,
2H), 4.39(s, 1H), 2.50(s, 4H), 2.29(s, 3H), 2.16(s,
4H), 1.81(d, J=35.2 Hz, 4H), "C-NMR(101 MHz,
CDCl,) 6 195.78(2C), 189.33, 153.54(2C), 153.40,
147.12, 139.90, 137.72, 133.74, 109.74(2C), 59.56,
48.44(2C), 39.31, 21.35(2C), 20.44(2C), 19.50,
HRMS(ESI+) m/z : 115 AH CyH,3N,0," 355.165 8,
SN 355.165 3,

D9-(4-(—- LA FE)-2-F2FH K FE)-3,4,6,7,9,10-%
A BE - 1,8Q2H,5H)-— il (ZB03): R H A il &
ZCO1 FHLTT %, 13 HAR ™ i (1.62 g, 85%), &
o [ & . 'H-NMR(400 MHz, CDCl,)d6.79(d, J=
8.3 Hz, 1H), 6.43~6.18(m, 2H), 4.57(s, 1H),
3.29(d, J=5.6 Hz, 4H), 2.87~1.89(m, 12H), 1.13(t,
J=6.8 Hz, 6H), "C-NMR(101 MHz, CDCl,)5194.87
(20), 159.79, 151.47, 147.35, 128.68(2C), 115.25,
113.21(2C), 108.34, 98.36, 44.31(2C), 37.18,
36.85,30.51, 28.12, 27.65, 20.70, 20.25, 12.66(2C).
HRMS(ESIY) m/z: 115 {H C»H,N,0," 381.217 8,
SEAE 381.217 2,

©2-(1,8-—4%1%-1,2,3,4,5,6,7,8,9,10-1 & I IE-
9-38) AR (ZB05): K FH Al 25 ZCo1 AH 7
B, BHATEM (1728, 92%), WEEA, 'H-
NMR(400 MHz, DMSO0)d9.15(s, 1H), 7.71(d, J=

7.6Hz, 1H), 7.33(d, J=7.5Hz, 1H), 7.11(dd,
J=152, 7.6Hz, 3H), 6.98¢t, J=7.2Hz, IH),
572(s, 1H), 2.37(dd, J=26.6, 19.6Hz, 4H),
2.08(s, 4H), 1.79(s, 4H), "“C-NMR(101 MHz,

DMSO) 6 194.79(2C), 151.68(2C), 145.41, 142.80,
133.06, 128.64, 127.68, 124.63, 113.202C),
37.002C), 33.89, 26.66(2C), 20.41(2C). HRMS
(EST) m/z: 548 C,H,)NOS, 530.094 3, il
1H 530.195 2.,

(D9-(3-54 Fk -5-(F% 5 H 3k )-2- Y B it g -4 )-
3,3,6,6-PU FH %£-3,4,6,7,9,10-75 MY BE-1,8(2H,5H)-—
il (zC02): & HFil % ZzCo1 #HRIr ik, 4 H
FRe 5 (1.85g, 90%), B [E {4, 'H-NMR
(400 MHz, DMSO) & 10.78(s, 1H), 8.13(s, 1H),
4.99(s, 2H), 4.50(d, J=14.5Hz, 1H), 4.22(d,
J=14.0 Hz, 1H), 2.38(d, J=14.4 Hz, 4H), 2.01(d,
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J=20.3 Hz, 3H), 1.05(s, 3H), 0.93(s, 3H), 0.86(s,
6H), "“C-NMR(101 MHz, DMSO) 6 167.103(2C),
146.36(3C), 144.96, 14273, 132,51, 130.23,
110.34(2C), 58.86, 50.30(2C), 41.17(2C), 31.53,
31.30, 26.43(4C), 18.04, HRMS(ESI) m/z : 14
f C,,H,N,O0," 412.231 7 , SZ{H 412.212 4,

109-(4-(—. & R F)-2-F2 7 7K 35)-3,3,6,6-V0 H
$£-3,4,6,7,9,10-7< Z MY BE-1,8(2H,5H)- [l (ZC03):
KA ZC01 AR T, 15 AR (0.6 g,
29%), HEEAR, 'TH-NMR(400 MHz, CDCI,)66.80
(d, J=8.1Hz, 1H), 6.45~6.19(m, 2H), 4.57(s,
1H), 3.29(d, J=6.9 Hz, 4H), 2.57(d, J=17.3 Hz,
1H), 2.41(d, J=17.3 Hz, 1H), 2.32~2.12(m, 4H),
2.02(d, J=14.7Hz, 2H), 1.13(t, J=6.9 Hz, 6H),
1.09(s, 3H), 1.04(s, 3H), 0.96(s, 6H), “C-NMR
(101 MHz, CDCL,) & 194.18(2C), 157.54, 147.37
(20), 128.60, 121.16, 113.89, 111.92(3C), 108.34,
98.51, 50.85(2C), 44.31(2C), 41.68(2C), 32.11(2C),
31.60, 27.60(2C), 28.99(2C), 12.67(2C). HRMS
(EST") m/z: TTHEAH C,H,,N,0," 437.280 4, SZ{E
4372799,

@2-(3,3,6,6-PUH1JE-1,8- —48%-1,2,3,4,5,6,7,8.9,
10-+ S0 0Y BE -9-3% ) ZR i iR (ZC05): >R FH il %%
ZCo1 ML TT %, 15 HAR™ M (1.89 g, 88%), ¥
0, [5 1A . 'H-NMR(400 MHz, DMSO) 6 9.01(s,
1H), 7.65(d, J=7.5Hz, 1H), 7.28(d, J=7.2Hz,
1H), 7.08(t, J=6.8 Hz, 1H), 6.98(d, J=7.1 Hz,
1H), 5.88(s, 1H), 231(q, J=16.7Hz, 4H),
1.99(q, J=159Hz, 4H), 0.93(d, J=33.8Hz,
12H), "“C-NMR(101 MHz, DMSO) 6 193.36(2C),
163.52(2C), 147.26, 141.44, 130.45, 128.72, 127.49,
124.06,112.84(2C),50.92(2C),39.71(2C) ,31.63(2C),
30.002C), 28.99, 26.43(2C). HRMS(ESI) m/z :
HHEAE C,H,NOS" 430.168 8, SZil{E 430.170 1.

@9-2, %£-3,3,6,6-P4 H %t -3,4,6,7,9,10-75 A HY
IE-1,8(2H,5H)- [ (ZC09): &% 2C01 A1
W, BEE (1.05g, 70%), Rk,
'H-NMR(400 MHz, CDCl,)36.36(s, 1H), 4.09(t,
J=4.7Hz, 1H), 2.42~2.16(m, 8H), 1.50(qd, J=7.5,
49 Hz, 2H), 1.11(d, J=5.2Hz, 12H), 0.74(t, J=
7.5 Hz, 3H), “"C-NMR(101 MHz, CDCl,)d 195.93
(2C), 149.24(2C), 112.38(2C), 50.98(2C), 41.24(2C),
32.52(2C), 29.73, 28.06, 27.28(2C), 27.12(2C),
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9.58, HRMS(ESI)m/z: 15{H C, ,H,4NO,"302.212 0,
SR 302.221 6,

39-5 15 %E-3,3,6,6- M0 H 3£-3,4,6,7,9,10- 7S A 1Y
BE-1,8(2H., SH)-_f{ (ZC10): X il Z2Co1
AT, 15 BER A (0.89 g, 57%), REE (Al
& . 'H-NMR(400 MHz, DMSO) ¢ 9.10(s, 1H),
3.80(d, J=3.8Hz, 1H), 2.33(q, J=17.3 Hz, 4H),
2.14(q, J=16.2 Hz, 4H), 1.59~1.47(m, 1H), 1.01(t,
J=15.3 Hz, 12H), 0.64(d, J=6.9 Hz, 6H)., *C-NMR
(101 MHz, DMSO) 6 194.96(2C), 150.90(2C),
109.33(2C), 50.47(2C), 40.14(2C), 34.62, 31.87(2C),
30.94, 29.44(2C), 26.49(2C), 19,13(2C). HRMS
(EST) m/z : A8 C,\H,NO," 316.227 7 , SZi{E
316.227 1,

@9-(RL T #£)-3,3,6,6-P0 F 3£-3,4,6,7,9,10-75 &
WY RE-1,82H ., SH)-—Ei (ZC11): R4 Z2Co01
AT, 15 BAR 0 (1.40 g, 69%), [ EAE,
'H-NMR(400 MHz, CDCl,) ¢ 7.85(d, J=8.2 Hz,
1H), 7.57(d, J=8.2Hz, 1H), 4.70(s, 1H), 2.60~
223(m, 4H), 2.15(dd, J=23.9, 14.3Hz, 4H),
1.02(dd, J=152, 10.6Hz, 12H), 0.88(s, 9H).
BC-NMR(101 MHz, CDCL) & 197.23, 196.92,
166.59, 151.16, 110.94, 110.10, 50.76(2C), 40.86,
40.09, 3840, 29.98, 28.69, 2822, 27.64,
27.38(3C), 27.00, 26.83, HRMS(ESI) m/z: &
{B C,;H,NO, 348.196 4 , SZl{H 348.257 5,

94-(3,3,6,6- DU 3E-1,8- —484%-1,2,3,4,5,6,7,8,9,
10-- & I BE-9 58 2R H R (ZC12): R FH Al &
ZCO1 AT, R EFR™ 0 (1.77 g, 90%), Hifh
{4, "H-NMR(400 MHz, DMSO)§ 12.67(s, 1H),
9.36(s, 1H), 7.75(d, J=8.2Hz, 2H), 7.27(d,
J=8.3 Hz, 2H), 4.87(s, 1H), 2.47(d, J=17.2 Hz,
2H), 2.34(d, J=17.0 Hz, 2H), 2.18(d, J=16.1 Hz,
2H), 1.98(d, J=16.1 Hz, 2H), 0.99(d, J=19.1 Hz,
6H), 0.85(s, 6H)., "“C-NMR(101 MHz, DMSO)
§194.302C), 167.25, 151.97, 149.61(2C), 128.80
(2C), 128.09, 127.80(2C), 110.89(2C), 50.14(2C),
33.36(2C), 32.11(3C), 29.04(2C), 26.39(2C), HRMS
(ESI") m/z : A C,,H,NO,” 394201 8, SZilifH
394.201 4.,

193,3,6,6- P4 H i -9-(4-fiff 3 48 3t )-3,4,6,7,9,10-
7N AN IE -1,8(2H,5H)- [l (ZC13): R FH Al %
ZCO1 AU, fF HAR™ M (1.1 g, 56%), KK
R AR 2527 2025 4F 6 A 45 42 545 12 1)

R, "H-NMR(400 MHz, CDCL,)d8.17~7.97(m,
2H), 7.60~7.42(m, 2H), 5.12(s, 1H), 2.36(dd,
J=427, 16.8 Hz, 4H), 2.18(dd, J=41.3, 16.4 Hz,
4H), 1.09(s, 6H), 0.95(s, 6H), "C-NMR(101 MHz,
CDCL,) 5 195.89(2C), 153.99, 149.41(2C), 146.03,
128.95(2C), 123.24(2C), 112.19(2C), 50.39(2C),
40.49(2C), 34.37, 32.48(2C), 29.30(2C), 26.94(2C).
HRMS(EST") m/z: it % {8 C,,H,,N,0," 375.207 3,
SEME 395.196 7.

@9-(3.4-— W A % 3£)-3,3,6,6-DU I 3 -
3,4,6,7,9,10-7 & " IE -1(2H,5H)- il (ZC14): X
MR & ZzCo1 AHU 7 ¥, 158 BHFR™ i (1.84 g,
90%), A, "TH-NMR(400 MHz, CDCl,)d7.65
(s, 1H), 6.93(d, J=1.7Hz, 1H), 6.83(dd, J=8.2,
1.7Hz, 1H), 6.67(d, J=83Hz, 1H), 5.05(s,
1H), 3.78(d, J=21.0Hz, 6H), 2.22(dt, J=29.1,
16.4Hz, 8H), 1.18~0.86(m, 12H), “C-NMR
(101 MHz, CDC1,)8195.76(2C), 148.43, 148.29(2C),
147.14,139.44, 119.87, 113.48(2C), 111.90, 110.73,
55.75(2C), 50.81(2C), 40.92(2C), 32.94, 32.59(2C),
29.57(2C), 27.02(2C). HRMS(ESI") m/z: 14
CsoH,,N,NaO," 841.440 4, SZil{Y 841.439 8.

3,3,6,6-P0 H 3t -9-(4-(FF 1 Mk 3t ) 2% 3% )-
3,4,6,7,9,10- /AN hE-1,8(2H,5H)- il (ZC15): %
FHANH 2 ZCo1 AHARL 5, 15 H AR i (0.43 g,
20%), # {4 [ & . 'H-NMR(400 MHz, CDCI,)
§7.77(d, J=8.3 Hz, 2H), 7.54(d, J=8.3 Hz, 2H),
5.14(s, 1H), 3.00(s, 3H), 2.41(d, J=16.7 Hz,
2H), 2.25(dd, J=16.5, 11.2Hz, 4H), 2.14(d,
J=16.4Hz, 2H), 1.11(d, J=9.4Hz, 6H), 0.95(s,
6H), "*C-NMR(101 MHz, CDCl,) § 195.07(2C),
152.54,147.70(2C), 137.74,129.19(2C), 127.14(2C),
112.99(2C), 50.57(2C), 44.61, 41.29(2C), 34.30,
32.74(2C), 29.43(2C), 27.21(2C), HRMS(ESI")m/z:
5 CH, NO,S" 428.189 6, Sill{H 428.189 1.

99-(4-F 4 3k)-3,3,6,6-1U Fl 3£-3,4,6,7,9,10-75
A0 BE -1,8QH,5H)- - il (ZC17): K F Fl il %
ZCO1 FHLTT %, 15 HAR™ i (1.68 g, 88%), &
E A, "H-NMR(400 MHz, CDCL,)67.29(s, 2H),
7.16(d, J=8.4Hz, 2H), 5.05(s, 1H), 2.24(ddd,
J=353, 32.6, 16.5Hz, 8H), 1.02(d, J=47.4 Hz,
12H), "“C-NMR(101 MHz, CDCI3)5195.41(2C),
147.94(2C), 145.01,131.56, 129.48(2C), 128.09(2C),
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113.34(2C), 50.71(2C), 41.09(2C), 33.35, 32.36(2C),
29.50(2C), 27.14(2C). HRMS(ESI') m/z: i+H{H4
C,H,,CINO," 384.173 0 SZMI{E, 384.172 5.

@9-(4- A FEHERL)-3,3,6,6- P F £E-3,4,6,7,9,10-
7N &Y BE -1,8(2H,5H)- il (ZC20): & FH Al £
ZCO1 FHLTT %, T EFR i (191 g, 98%), &
o [514& . 'H-NMR(400 MHz, CDCL,) 6 7.22(d, J=
8.1 Hz, 2H), 7.02(d, J=8.1 Hz, 2H), 5.06(s, 1H),
2.87~2.69(m, 1H), 2.44~2.09(m, 8H), 1.16(d,
J=6.9 Hz, 6H), 1.03(d, J=39.3 Hz, 12H), “C-NMR
(101 MHz, CDCL,)6195.36(2C),147.22(2C), 146.05,
143.63, 127.79(2C), 126.01(2C), 114.00(2C), 50.77
(20), 41.33(2C), 33.59, 32.73(2C), 29.40(2C),
27.39(2C), 23.94(2C). HRMS(ESI') m/z: i+H{H4
C,H,,NO,"392.259 0, SZl{E 392.258 5.

@D9-(4- A HEHERL)-3,3,6,6- P F £E-3,4,6,7,9,10-
7N &Y BE -1,8(2H,5H)- il (ZC21): R Al &
ZCO1 FHL T %, 15 BAFR™ i (1.85g, 93%), ¥
B (0, [5 {& . 'H-NMR(400 MHz, CDCL,) § 7.24(d,
J=8.6Hz, 2H), 6.72(d, J=8.6 Hz, 2H), 5.03(s,
1H), 3.70(s, 3H), 2.23(dq, J=22.7, 16.5 Hz, 8H),
1.17~0.88(m, 12H), "C-NMR(101 MHz, CDCI,)
§195.502C), 157.67, 147.54(2C), 138.98, 128.97
(2C), 113.87(2C), 113.33(2C), 55.08, 50.78(2C),
41.11(2C), 32.77, 32.67(2C), 29.51(2C), 27.192C).
HRMS(EST") m/z: 1181H C,,H,,NNaO," 402.204 5,
SEE 402.203 9.,

@4-(3,3,6,6-DY H %E-1,8-—4(1%-1,2,3,4,5,6,7.8,
9,105 1Y IE-9-3 ) 7K H ik F i (2.C23): SR A AN
il & ZzCo1 M L ik, 13 HAr ™ & (1.9 g,
91%), #{afEA, '"H-NMR(400 MHz, CDCl,)d7.89
(d, J=83Hz, 2H), 7.43(d, J=8.3Hz, 2H),
5.12(s, 1H), 3.86(s, 3H), 2.40(d, J=16.6 Hz,
2H), 2.19(dd, J=37.9, 17.3 Hz, 6H), 1.00(d, J=
61.6 Hz, 12H). "C-NMR(101 MHz, CDCl,)6§195.10
(20), 167.45, 151.68(2C), 147.59(2C), 129.45(2C),
128.22(2C), 127.71, 113.27(2C), 51.96, 50.63(2C),
41.24(2C), 34.11, 32.69(2C), 29.54(2C), 26.99(2C).
HRMS(ESI') m/z: 11516 C,sHyNO,™ 408217 5,
SIMAE 408.217 0,

233,3,6,6- U ! J&-9-(1E B -4-3£)-3,4,6,7,9,10-75
AN BE -1,8(2H,5H)-— il (ZC27): K H Al il £
ZCO1 MU, 15 HAR™ i (0.59 g, 34%), B

2030 -
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o, [ & . "H-NMR(400 MHz, DMSO) § 9.42(s,
1H), 8.36(d, J=5.8Hz, 2H), 7.12(d, J=5.8 Hz,
2H), 4.80(s, 1H), 2.46(d, J=17.3Hz, 2H),
235, J=17.1Hz, 2H), 2.19(d, J=16.1Hz,
2H), 2.01(d, J=16.1Hz, 2H), 1.0I(s, 6H),
0.87(s, 6H), “C-NMR(101 MHz, DMSO) 6 194.33
(2C), 154.86, 150.08(2C), 149.06(2C), 122.97(2C),
110.05(2C), 50.06(2C), 40.13(2C), 32.89, 32.11
(2C), 28.94(2C), 26.49(2C). HRMS(ESI) m/z:
HHEAE C,H,,N,0," 351.207 3, SZi{H 351.206 8.

@3,3,6,6- 1 H JE-9-(nL I -2-%5)-3,4,6,7,9,10-75
AN IE-1,8(2H,5H)- i (ZC28): R4S ZCo01
R, 15 HAR™ 5 (031 g, 17%), KB
&, "H-NMR(400 MHz, CDCl,)d8.38(d, J=4.1 Hz,
1H), 7.61(d, J=7.8Hz, 1H), 7.53(d, J=1.7Hz,
1H), 6.97(d, J=1.1Hz, 1H), 5.98(@, I1H),
520(s, 1H), 2.26(dq, J=36.5, 16.4Hz, 8H),
1.09(s, 6H), 0.99(s, 6H)., “C-NMR(101 MHz,
CDCl,) 6 195.48(2C), 163.44, 148.79, 148.08(2C),
135.62, 124.47, 121.13, 112.69(2C), 50.71(2C),
41.38(2C), 36.54, 32.79(2C), 29.54(2C), 26.99(2C).
HRMS(EST") m/z: it {H Cy,H,,N,0," 351.207 3,
SEAE 351.206 7.

@99-((1,3- 48 S| WEnbk-2-3) 1 3K)-3,3,6,6-
Py Ot -3,4,6,7,9,10-75 & Y BE -1,8(2H,5H)-— [l
(ZC29): FFHFH 4 201 M7, 15 HErr”
ai (1.88 g, 87%), M {A[E{A, 'H-NMR(400 MHz,
CDCL)67.79(dd, J=5.4, 3.0Hz, 1H), 7.72~7.60
(m, 1H), 4.50(t, J=4.8 Hz, 1H), 3.71(d, J=4.9 Hz,
1H), 2.23(ddd, J=57.9, 309, 162Hz, 4H),
1.07(d, J=23.2 Hz, 6H), "C-NMR(101 MHz, CDCl,)
5195.93(2C), 168.69(2C), 149.56(2C), 133.66(2C),
132.26(2C), 122.89(2C), 110.102C), 50.61(2C),
41.33(2C), 40.61, 32.63(2C), 28.80(2C), 28.35,
28.09(2C), HRMS(ESI") m/z: 11E{E C,H,,N,0,"
433.212 7, SCME 433.215 3,

@09-(3, 4-FFIKIL)-3,3,6,6-DUH IE-3,4,6,7,
9,10-/N &M BE-1,8(2H,5H)- il (ZC31): K]
# ZCOL AR %, B HAR =M (171 g, 90%),
{5 [ 1A . 'H-NMR(400 MHz, DMSO) 6 9.17(s,
1H), 8.53(s, 1H), 8.41(s, 1H), 6.60(d, J=1.7 Hz,
1H), 6.47(d, J=8.1Hz, 1H), 6.37(dd, J=8.1,
1.8 Hz, 1H), 4.64(s, 1H), 2.40(s, 2H), 2.29(d,
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J=17.0 Hz, 2H), 2.15(d, J=16.1 Hz, 2H), 1.98(d,
J=16.1Hz, 2H), 0.98(t, J=34.0Hz, 12H)., “C-
NMR(101 MHz, DMSO0)§194.32(2C), 148.70(2C),
144.16, 142.85, 138.54, 118.14, 115.50, 114.72,
111.87(2C), 54.45, 40.13(2C), 32.102C), 31.65,
29.11(2C), 26.56(2C), HRMS(ESI") m/z : 118 1{H
C,H,NO," 382.201 8, SZMIE 382.201 5.

@09-(2,4- % H 7K 3£)-3,3,6,6-PU Hl 3£-3,4,6,7,
9,10-75 AN IE-1,8(2H,5H)- i (ZC32): RJHAH]
% ZCO1 FHRITT L, A5 HAR ™ i (1.65 g, 87%),
¥ K, "H-NMR(400 MHz, DMSO) 6 10.57~
9.92(m, 1H), 9.37(s, 1H), 6.72(s, 1H), 6.41(dd,
J=8.3, 24Hz, 1H), 6.30(d, J=2.4Hz, 1H),
491(s, 1H), 2.36~2.15(m, 4H), 2.01(d, J=15.8 Hz,
4H), 1.03(s, 3H), 0.97(s, 3H), 0.88(d, J=6.9 Hz,
6H). "“C-NMR(101 MHz, DMSO) J 195.78(2C),
16430, 156.05(2C), 150.01, 128.74, 115.90,
111.72(2C), 111.15, 101.80, 50.44(2C), 40.67(2C),
31.56(3C), 29.16(2C), 26.22(2C). HRMS(ESI")m/z:
HHEAE C,H,,NO, 383.209 7, SEHfHE 383.185 6.

@9-(5-(F% W 3L ) mk i -2-3)-3,3,6,6-P1 Ak -
3,4,6,7,9,10- /N AN hE-1,8(2H,5H)- -l (ZC37): *
HHFmEE ZC01 ABUAYE, 15 EF™ (0.95 g, 51%),
G [ K . "H-NMR(400 MHz, CDCL,) 6 12.16(s,
1H), 6.19(d, J=3.2Hz, 1H), 5.90(dd, J=3.1,
1.6Hz, 1H), 5.47~5.16(m, 1H), 4.47(s, 2H),
2.34(dd, J=16.9, 10.3 Hz, 8H), 1.13(d, J=33.0 Hz,
13H)., *C-NMR(101 MHz, CDCl,)5189.67, 189.52,
152.56, 151.80, 114.02, 108.56, 107.14, 57.59,
46.89, 46.19, 31.44(4C), 29.73, 29.25(2C),
26.49(2C), HRMS(ESI") m/z: 814 C,,H,,NO
371.209 7, SZI{E 371.187 3.

22 CAEMEWREEYRPALRE

it DPPH. ABTS #11 FRAP 3 Ff 7 s T
B — R B S5 F BT H AR A S W i AE Ak e
FH X} B8 455 VC, VE AY/K %254 Trolox
AU RE S AR A W DU R DL RCE DL Y B
MEC. OCRPY, Bk EEMNALE R W3 2, L2 W
FEMRRTT A TS EC,, S5 L3 3,

MR ZE SRR, B mE F Y B G 5 MEC &
OCR(FEI 1) &%, 28 3 Rk B AR R B ] 4T
SAALRE T, AR A TEDEES IR A T ) Y T
s, W EAHSENPLE AR ). 7€ DHP BHA% 4 fi

rRE BN 2G5 2025 4 6 F 55 42 555 12 1]

#*2 @i DPPH. ABTS #7 FRAP &%l HAx b6 #1414
&R (x£s, n=3)

Tab.2 Results of the antioxidant capacity of target compounds
using the DPPH, ABTS and FRAP methods(x £ 5, n=3) %

&Y DPPHOHKRZE)  ABTSGHMZE)  FRAP(HILJFZ)
ZA01 83.9+1.2 97.1+4.6 69.8+6.5
ZA05 33.0£0.6 27.1£0.2 14.0+0.2
ZA09 1.842.5 24.8+2.1 11.0+£0.6
ZA12 2.2+1.4 8.6+1.2 7.240.2
ZA23 2.6+0.3 10.7+4.1 10.1+4.6
ZA31 94.4+0.9 72.6+1.2 77.246.6
ZB02 14.1£0.6 94.8+1.0 0.5+0.1
ZB03 35.6+0.9 55.5+1.8 45.0+0.8
ZB05 12.3+1.3 13.8+0.2 7.1+0.2
Z.C01 95.5+0.7 96.1+6.1 84.3+9.2
7.C02 25.4+0.3 55.8+5.1 0.4+0.1
7.C03 25.1£1.2 87.8+4.4 83.9+1.2
Z.C05 12.9+1.1 4.9+0.9 7.3+0.7
Z.C09 10.3+0.3 21.4+1.4 7.10.1
ZC10 12.3+1.3 30.743.4 6.8+0.1
ZC11 12.5+0.1 14.1£3.0 6.8+0.0
ZC12 10.6+0.3 4.7+0.9 6.7+0.2
ZC13 15.4£1.5 6.8+0.9 9.8+0.1
ZC14 13.6+0.7 9.6+0.4 6.8+0.1
ZC15 10.2+1.2 1.2+0.4 7.0+0.1
7C17 9.3+0.2 1.4+0.7 6.9+0.1
Z.C20 9.4+0.6 2.6+0.2 6.9+0.3
7.C21 8.8+0.3 2.0+0.7 7.0+0.1
7C23 9.940.3 1.6+2.6 6.9+0.1
7C27 11.2+0.7 1.1£2.0 6.8+0.3
7.C28 10.3+0.6 3.3+0.7 6.8+0.1
Z.C31 43.9+2.4 46.1£2.2 50.1+0.7
7.C32 52.3+0.9 66.9+3.1 35.240.1
7C37 32.0£0.3 75.642.6 2.6+0.1
OCR 3.8+0.3 1.4+4.3 7.0+0.1
MEC 4.1£1.2 3.8+1.7 7.240.2
PUHT TR 15.10.1 46.4+0.7 27.6+2.9
vC 66.4+0.5 53.946.4 59.0+0.6
Trolox 91.6+0.2 73.549.9 74.0+2.3

SIAK B & LS 3- 48 3L 4- 32 SL R SL )
(ZAO1, ZCO1), 2 3 Fpiyikiliimdi e fbie 148
5T 4 A TCHURIERIUITER . ZC01 NMH ABTS ¥
B4 fiE J15% F VC Fl Trolox, 1 H.JH: DPPH H 1 %
THBRAE S LA JFLRE 11 JR5E T Trolox, ZAO1 [ 5
WA R T VC, HFE 5 T Trolox, #J I,
2. 3. 5. 6 i ARG HEACAY ZCor, Bkt
AALRE TR TITRELS I U ZA01, (BIFHERTA
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%3 #£DPPH. ABTS #FRAP EIERFIE EC,, 18 (X+s, n=3)
Tab.3 EC,, values obtained by DPPH, ABTS and FRAP

methods(x £ s, n=3) pmol-L™
EY DPPH ABTS FRAP
ZA01 51.0£1.9 15.6+2.8 74.5+2.8
ZA31 40.9+2.4 21.446.9 73.247.5
ZB03 - 31.447.6 147.1+1.0
ZCo01 32.8+2.2 20.9+5.6 48.945.5
Z.C03 - 18.243.1 61.5+1.8
7.C32 69.5+1.3 32.245.5 -
vC - 41.845.2 84.9+11.1
Trolox 35.543.0 28.243.9 71.4+7.0

R

Note: —Not tested.

ORGSR Z2C RZYE G YT A L RE S #R
TAIRIHY ZA 51 (41 ZA05 vs ZB05/ZC05, ZA31
vs ZC31)., IAM, Ft ZC01 FP A R R Bk 4R
3L (ZC14), BRI RAT A LU (ZzC21) B,
BrEALRE SIREAI

#r DHP BhA% 4 7 R 4B 28 i LT, T3k
PR PUEALRE ST, AL 2. 3. 5. 6 i hTF
B BUAC Y ZA31 4 A AL BE ) R T AR B
ZC31, ZA31 () DPPH i % RE 1 Fl B A L BE J1 AN
BT vC, HZELT Trolox(P<0.05). ZEUAY,
4 {57 F )8 1 B A B Y Z2C32 28 3 b il ik
#R I AEpUE AR T, BT OUNER . 7R
DHP 1% 4 for #4575 A H At 258 784 (1% i 288 BAR ik 1A
(ZB03., ZC03, ZC32), [AMERIH BE Pt E L
fie S, {H55T ZA01 }2 ZCO01, DHP K% 4 [ HUL
e A B 7 I 57 DHHB 25 /4 (& 1) B9 ZB03 Fl1
ZC03 .k DPPH ¥ bR Ae S — M, [H Bk 5 GE
Il ABTS R e 1. #R b 452k DHP &4
13 35 35 1 AR I R 40 M T RE 24 (ZB02, Z.C02),
H DPPH ¥ Br 3 M SR IR e T REAIK, (B4R B 4%
SR Y ABTS ¥ BR BE 1 5 47 M BE PR B OR & 2 A
(2C27. 7.C28), W) ABTS 1EBRAESIMRTS .

#r DHP £14% 4 (i U R IR AR S B 2 3
MRRIR L . REL . WRERREL . MRt . W&, I
o OB O (ZA12. ZA23. ZB05. ZCO05.
ZC11~ZC23 5F) AR, Préafbne Iy s,
KEFALEYHEETTIO0ES, 7T 0L 4 55y
ot R B R T PR RE ) B OCE L, M
4 57 Sy Wk g A7 A ) BOAG BE (Z2C37), L DPPH K&
ABTS 5 FRBEST 98 TIUHR . %7 DHP BEAZ 1Y 4 ]
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AR T B R B SO (ZA09. ZC09. ZC10),
Hpr A Be ) R ES

X A e o R 4 0 o ) A B ARk
JIsRBika Y, T DPPH. ABTS Fll FRAP ¥,
o 22 v I T A B EC, fA (8 3). AMA
YrEALRE ST B K IH A ZCo1, H: 3 Fhor ik
FT153 EC,, (HABMK T Trolox, ZAO01 Fl ZA31 JRFEH
i, MARXT DPPH H H 2 IE FRACERE 55 T
Trolox, {HEAEAEN LT VC, 5 Trolox 124,
H ABTS [ H 35 BR 8 J7 4L T VC 1 Trolox.
WA, & 4-NN-Z O HER G LR ZB03 Xt
ABTS H H £ 35 Bk fig 1 L T vC, 1 ZCO03 1y
ABTS H 1 3 ¥ BR AE 1 A1 B8 IR 68 1 R B T
VC # Trolox.
2.3 CAEMEEE WSS MRILRE

Wk “1.2.37 WU AN T A stk A
VI 280~450 nm I BL 19 58 AU L (] 4~5),
K4 (8 T Z 00T ik b A e ag iR e &
Yy R A I E R, RT LLE B BT EAL R Ve A
Trolox #E<300 nm B HA7 fss il . (54556
I, PUAILRE IR ZCo1 76 UVA BB (320~
400 nm) A RSR AW, 58 T 5 F B G55 MEC #1
OCR[ H:FEZ7E UVB I Bt (280~330 nm) £ 5% I i
U, VR BN IE R MR BE Y 1/2], HAE UVB B
WA —EWI . HIT Z2C01, ZA01 i KL
WA, HWR s B A, (R AR
Yi, 1 UVB JBA — U1 AR, H ik
SREEEGR . ZCO1 B KIS S5 DUBRZE L, (H
W AT B e H 2 5 DA b, ZA 01 Wi 5 R T
Wrlk, W ULTE DHP £:4% 4 (5| A 3-H EFE-4- 525
R IR SE A e A A5 e 55 IR A

ol ZA01 H AL B i R B R 5L (ZA31), A
W e AR A AL, H R R AR I BB R S, 4 2
UVB U Bt WOR KA 1T ZC31 7E UVA B
WS iE 1 RS, AR R g i #S 2 UVB 3
Bt, HIRT ZC01 {H XA K ZA01. ST 4 [ Huft
RIS AT SR W FR L RS oL, AR I ZBO3(ff
WP R IEH MR EE Y 1/2) . ZCO3(f FHH 3 hy 18 ik
FER) 1/4) F1 2C32, HRWEf T UVB B, H
WesRE, HHAE UVA S BEEAR T, X261k
G YR e AR IR AR AL 2 4 5 DHP | Ry HL
REBFIE T T A, SEORIE LA ER .

Pl 5 S H Ay DHP 28 H ARtk &4 1 S /Ml ]

rRE BN 252 2025 4F 6 H 55 42 B4 12 )




— Wi — ZAO01
— MEC(1/2)-— ZA31

280~450nm  _ OCR(1/2) — ZCO1
3.09, vC --- ZC03(1/4)
\ Trolox  — ZB03(1/2)
2.5 ZC31
--—- ZC32

2.0
=
L15
=S

1.04

0.5

0o—— ——
300 330 360 390 420 450
A/nm

4 AR B9 DHP % H AT W8 A 0K
o5 A 172 174 Sp 5 RIRIE R ALY 172 1 1/4.

Fig.4 UV absorption spectra of DHP target compounds with
strong antioxidant capacity

The values in parentheses(1/2 and 1/4) indicated half and one-quarter of the
standard concentration, respectively.

3.0- —ZC37 —ZC12
: 280~450 nm -

3.0- — ZC11(1/2)— ZA05

280-450nm 2SI (DT 70000

25 —ZC10 —ZA12

’ 7.C05 — Z.A23

--- ZB02

2.0 ZB05

= ---7.C02
R 1S

=

300 330 360 390 420 450
J/nm

B 5 FAMNEEH 5 e DHP % B ARt A 4 i % SRl
HS N 172 fRERIER LR 172,
Fig. 5 UV absorption spectra of DHP target compounds with

weak antioxidant capacity
The value in parentheses(1/2) indicated half of the standard concentration.

W& . W LLAE % DHP K% 400 A 2 3 B
ZA09 FH Eb ZC09 5 KW e & A 7% H IR B
W, SR ZA01 vs ZCO1 TE L, W] WLTE
DHP £}:4% 2, 3., 4. 505 AFRRBURIEA L IF4%E
IR SE M i B2 vy EL W A B BB UVC B
1B O EFH N L (ZC10), WIS B A U
55 H W WSIERS AT RS, A R4 KA B A AT 2

rRE BN 2G5 2025 4 6 F 55 42 555 12 1]

Bt (ze1, RN IEH R 1/2), Wlioig
SERWERSE UVB B, HWICIERRE, (HIE7E
UVA I BEWG W55 . tk4h, 76 DHP 4% 2, 3.
4. SO R EORBUR IR I, A A XUH B A
ZC ZAV 5 TERH IR ZB R RSN 3¢
K25 (ZB02 vs ZC02), #7 DHP B:AZ% 4 {7 R 3L
FPURIEIR, IR R [A] HOR 3 % 2R A i 7
MR, #7NRRIR L | FRILHUR, Mlind =2
T UVB B, #RAKE. Bek. bidk, AR
SRR, Wl EEAA T UVA JBE, R S BEHL
R (ZC14), WU IERIA 20 R8,  HLWR SO0 B 4
Ko BN RN MERERAR, WG D B 8 47
B, (AW BE S A D . A, A ARIR Y
SR (ZC13), W i 0 R IR 5 R ) UVA H
UVB B, B BIT & A B )i
B )
3 #ig

Tk e FL e pe A0 T R 9 87 784 By WG 590 A B
Tame KB Re T, A s IR R 7
TG 2B, B RIS . A58 s ER
[F) B L 28 e SR TR R SR AR IR v RE 1Y DHP 284k &
R SR TS BURE S a W E AU ELTE Y/ R e
1 BLAT 7 G 5510 1R AR Bt A1 R0 1) O B B AT 5] A
DHP £}, 8T 29 NS5/ R Z R ik &
Yy, Wit DPPH. ABTS M FRAP 3 Fh 5 iillid T
U LRLRE, I LA ORI T %25k
BWXF UVA 1 UVB BRS8NI RE J1 o 5T
FB, 7 DHP BZI 4 75| A& By RS Ut 3L
FIES, PrEALRE T b TCBUR LA DU R s 5 58
SR 3-H A B4R R SE U, n AR A
2 P TR AN R IR T 4R B ZA01 il
ZCO01; #7 AL I HUR (ZA31), Hisafbae s
FEGREH, HARSHMIIRE 1A P RAIG, (R e
Besge, n] [5]3R5 UVA #1 UVB I B, X T
DHP B¥:#% 2. 3. 5. 6 i ANFHUCHY ZA Fil ZC &
SIfkEY, BARPUARMRE IS AL, (HZC &R
G 2 Ah W W fg 7 — M A X B SR (A ZAO1 vs
ZCO01), W55 ik & BAE DHP B:4% 4 5] AT il 3k
ORI, SRR Lk K v A5 5
A A BRABEAUT 3, WIFE UVB 3B ™ A0k
FUmgs . DA BRI T & S B R B AL RE T 1)
BRI AT g AN BE S 7 I R AR T SR
e 20 i 0 R TR AL B W ZA01. ZA31 Al
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