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W E. MR (Saccharum officinarum ) %“fﬂg’fkiﬁkﬁ&*ﬁﬁ{hfﬁ‘@,LZSCXULH%%”quﬁ@?}%EX,
FEWCYI R AL (438 (Si0, Sephadex LH-20 Rp-18) #EAT/r B4l Al AR 45 S50 1% Al A il I HR B % iS4k &
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MR (5) XREEFRHIR (6) \(2-FRHEORAL) (F4E) VAR (7) XTH LR (8) MR R (9) .3
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AR (14) M T -3-0-B-D-L i FLHEH (15) BAC TN BR X /\ ke 2 BE (16) . a-conidendrin
(17) \rel-(2a,3B) -7-O-methylcedrusin (18) 3-0-FiERHEZ TR H R (19) ARBEER (20) .(5S,65)-5,6-
dihydro-3, 8, 10-trihydroxy-5-( 4-hydroxy-3-methoxyphenyl ) -6-hydroxymethyl-2, 4-dimethoxy-7H-benzo [ c ]
xanthen-7-one) (21) F15-0-FI#BE4s TR R (22) , Hoh k&4 2-3 .7-11.,14-19 21-22 A R %
Prhoresda s, (2) g DPPH XS & 5K 15 MESY (1-9.11-16) HE4T A 1 236 BRAE ) 19 i ik, H:
TG 12 (5-0- W AR R HEREIE 4 R R ) /R T 8 AP A LI P (1C, (2 49.58 pg - mL") , %
PR E T T HEESCE AT MY BTREA Sy HE— 2 TP &R B TR 2R 4
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Chemical constituents and antioxidant activities from
the stems and leaves of Saccharum officinarum
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Abstract; To study the chemical constituents and antioxidant activities from the stems and leaves of Saccharum
officinarum. Twenty-two compounds were isolated and purified from the MeOH part of the stems and leaves of S.
officinarum by means of various column chromatographic techniques, including SiO,, Sephadex LH-20 and Rp-18 silica

gel. Their structures were identified by mass spectrometry and nuclear magnetic resonance; The DPPH method was used
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to determine the free radical scavenging abilities of the components from S. officinarum. The results were as follows; (1)
The compounds were identified as p-hydroxybenzaldehyde (1), p-methoxy-cinnamic acid (2), 4-methoxybenzaldehyde
(3), vanillin (4), 4-hydroxy-cinnamic acid methylester (5), p-hydroxybenzoic acid (6), (2-Hydroxyphenyl)
( phenyl ) methanone (7), p-methylbenzoic acid (8), caffeic acid methyl ester (9), aconitate A (10), aconitate E
(11), 5-O-dimethoxycinnamoylquinic acid (12), quercetin (13) ,quercetin-3-0-a-L-arabinoside (14) , quercetin-3-0-
B-D-galactopyranoside (15), didodecyl thiodipropionate (propionic acid, 3,3-sulfinyl di-1,1’-didodecyl ester) (16),
a-conidendrin (17), rel-( 2a, 3B )-7-0O-methylcedrusin (18), 3-O-Ferulylquinic acid methyl ester (19), luteolin
(20), (5S,68)-5,6-dihydro-3, 8, 10-trihydroxy-5- ( 4-hydroxy-3-methoxyphenyl ) -6-hydroxymethyl-2, 4-dimethoxy-7H-
benzo [ ¢ ]xanthen-7-one) (21), 5-O-Ferulylquinic acid methyl ester (22). Compounds 2—-3, 7-11, 14-19, 21-22
were isolated from this plant for the first time. (2) Determination of free radical scavenging abilities of 15 compounds
(1-9, 11-16) were selected by DPPH method. Compound 12 ( 5-O-dimethoxycinnamoylquinic acid) had great

antioxidant activity (IC,, value was 49.58 wg - mL"). This study enrich the material basis of antioxidant activity of

42

S. officinarum, which provides a scientific basis for the further development of S. officinarum.

Key words: chemical constituents, Saccharum officinarum, stems and leaves, antioxidant, activity

H B ( Saccharum officinarum ) E N N
( Gramineae) HEJE (Saccharum) ¥, 534 T ik
RO A HL X, a3k 100 24 SR Al H .
KREHEREES, LD T s/, e
A b (L RL 2 B v B ) A g R 5145 ,2014)
ST K JR oWl e E B A OB, R
Je, BT R R A RO B R AR
Y 40% A/ 59T T h0 T2 g W ek A e B
(BRALIHIAE ,2016) , T HE 4 1 el AR 0t i A6 B8, DA
T 98 R o HL™ 05 e IR 5E . A, R E
b il BREAR E A e, TR I 7 ) Ok B 22 | AT e AL
I H B B 5 — B A 2 e 0 B A A

(P2 RFEL) I 8 H R M, BA
B AR T A5 R (VLR T R A B, 2006 ) o R
[ H BB YT B e 4s 1 VB 45 4 Fitoie , Ui T R
WRCR . HRETE A W R TR R TE Ik
WXAEDIRE . AT SE 2R W H i 0 fb 2 iy %
RS HE IS WK 2SR (1S R, 2017 4%
/N L2014 B BUEAL PR | OB | B 4% 5
ZRAEYIETE (ITE5,2012; B 55,2012 i
THFAE,2015) , {H I By A6 & 9 B AR 3 PR L 4 4
AL o Ry itk — 20 4 s R 0 3 PR R4y, T A
b 2R R H R R 7 0 25 FH AL, AR i SR DL
Pt 42 JBUH T 25 R AT 2R 48 19 Ak 2 Lo B 5T
MR LR AR AL 43 B 45 3 22 MMea W (Bl
1), 2-3 7-11, 14-19 21-22 Jy KM %Al
YR ERAL o B AR B 4B 12 AT (L0l
45,2021) SrERIMC A Y., R DPPH &
SHEKH 15 MEAEY (1-9.11-16) #E17 H i 5
THERBE STk LA W 12 (5-0-— W & W

BEHEZE R IR ) WoR T BBt E L TE I (1C5, 1A
49.58 pg - mL™")  WFFEEE B AT N J5 SL 1 05 P F AT
Fg U5 T e R P S A o e

1 L& 548

JP-030S M A P A AR (R IIER 3 3 vk i
%oy El) JHC-2500Y304 #yfrpl (H E LR
#N A)) . VG-autospec 3000 F i 3% X (5 [
msicromass 2y ] ) . Bruker avance-600 MHz #% ff 3k
PRAXL (i1 bruker 24 A )  0SB-2100 Jig #% 75 & 1X
(b A S A FR A 7)) Rp-18 J2 1] fif: JiE
FIEEME Sephadex LH-20 ( " [ b R A=W £ K
IR 3Si0,(200~300 H) iR GF,.,(
B BT A 3 ) (R N &
MR CWR ATIMEESE ) g [ o A4l 2lEoK

HREZEM T 2018 47 8 AR A A A HHHE
B W b o B 5 (2 p R R 2 A B Y T AR
1950 m) , &z A0k Kov 25 5 AR BRI H
W ( Saccharum officinarum)

2 LBk

21 #BE5HE

W 00 H REZE i 80 kg, W%, F IR i
1d, [, [ B =R IR, IR e ki
fift 4k FH 5% HC1 i pH N 3 ~4 | TR L TR % S2 3 B
3K, BIAE R, SR AR H LR Y 500 ¢, HLARYIR
FH&E B #E {5 3%, L CHCL, - CH, OH - 7K fiff iR
(10: 0.1 :0.02~10 : 3.5 : 0.02) HEFTHLEEVE,
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Fig. 1 Chemical structures of compounds 1-22

&IOS A R 645 8 MY (Fr.1-8), Fr.l
RERAE 3 2 1 M ik - 2R S TR - VKBS R (5 -
0.5~1.2:0.02) BREEVENL, 75 3 MBS (Fr.1-A,

B, 1-C), Fr.1- A%%HMI@ i FH AT ik - T
@lﬁJ—?}k B R (S - : 0.02) i Sephadex LH-20
(CHCl,-MeOH 1 : 1) AT R ik 1R B A )
1(0.43¢).2(0.58 ¢).3(0.33¢).4(0.19¢).5

(0.38 g) . Fr.1-B Jx & i fif B A 3% CHCL, -
MeOH- 7K B B2 (10 : 0.1 : 0.01) 4> &, U

Sephadex LH-20 (CHCL,-CH,0H 1 : 1) Jx % 4lifk,
B1bEH 6 (0.32 g) .7 (0.87 g), Fr.1-C &REMR
FE 3% CHCL, - MeOH - KBS R (10 : 0.1 : 0.02)
BEEEVEBE , F Rp-18 Rk i FHEE-KIKR (5 : 95~

110) s Eaifh, BRI EY 8 (0.29 ¢) .9
(0.20 g) .10 (0.05 g) .11 (0.33 g) , Fr.4 ZHEHE
FE % CHCL, —-MeOH- VKSR (10 : 0.3 = 0.02)
RESrEaifh, 5245 12 (0.38 g), Fr.6 &
FEL % Rp-18 REAS FFEE-7K 248 (51 95~80 = 20)
6 B YEM , FH Sephadex LH-20 ( CHCl,-CH,OH 1 :
1) ik, 521E9 13 (0.19 g) (14 (0.24
g) 15 (0.22 g) . Fr.7 RERH: 5% LA - 2
TR O TE-VKBERR (5 :5.0:0.02) BEEVERL, 15 3
MBS (Fr.7-A, 7-B, 7-C), Fr.7-A Zk {435
Sephadex LH-20 ( CHCl,-MeOH 1 : 1) 435
Rp-18 i H B -7K IR &R (30 1 70~70 : 20) BhJE
YEWL, 52L& 16 (0.17 g) 17 (0.025 g) .
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Fr.7-B 2 & A (435 . CHCL, - MeOH - UK Jifs 2
(10 : 0.8 : 0.02) PEML, )2 & o # 4 41% Sephadex
LH-20 (CHClL,-MeOH 1 : 1) , 134t % 18 (0.057
g) .19 (0.076 g) .20 (0.055 g) ., Fr.7-C Z&F: {0
LA Rp-18 fEMCH B - /KK & (30 : 70~80 : 20)
BEBEGEMG , AT 58 R AL J2 AT A5 (i B R 4
alifk, 15 284LE&% 21 (0.04 g) 22 (0.068 g) .,
2.2 % F DPPH ENEXEMER B HENRE

o R 15 MMEE Y (1-9.11-16) , 73
TooK £ EERG BE 2 Frifs v B2, DPPH TG /K £ BE L A%
0.2 mmol « LA . 43044 100 pl &9 B
WAk & v (1 000,500,250, 125,625,
31.25.15.625 wg - mL™") A1 100 wL DPPH ¥ &N
AF) 96 fLAR H, R ERIRA), IR T k% # R
30 min J5F 517 nm PRI FEA G BE As | 5] s ]
€ 100 pL DPPH /AT 5 100 wL /K ZEIR A G
FIWGRE Ab, LA K 200 WL JEk 2 B 0 WO 3 1l
Aref, FEULT 2B 44L& %% DPPH [ 3
I %, IF ] Origin B354 1C,, 18,

I(%) = [ (As — Aref) — (Ab — Aref) 1/ (Ab -
Aref) x 100%

A .1 7% DPPH [ H3EIE BR R ; As Fm L
FEAH DPPH RSV OD {H ;Ab %75 DPPH FIC
IK CBHR G R OD {H ; Aref 375 To/K LB OD fH.,

3 HEREGHH

3.1 HMETE

EW 1 HEHKR, ESIMS m/z: 123.1
[M+H]*, %> F= K C,H,0,.,"H-NMR (600 MHz,
CD,0D) &:9.75 (1H, s, H-4), 7.75 (2H, s, H-
2,6), 6.91 (2H, m, H-3, 5); “C-NMR (150
MHz, CD,0D) &: 192.8 (C-6), 165.2 (C-4),
133.4 (C-1), 130.3 (C-2, 6), 116.9 (C-3, 5),
DL B 5 SR (2R /A 2022) BRA— 3, ik
Y RE RN RIS H [ (p-hydroxybenzaldehyde) .

k&2 HERY R, ESI-MS m/z.
179.2 [M+H]", 4 ¥ €, H,,0,. ' H-NMR (600
MHz, CD,0D) &; 7.57 (1H, d, J = 15.1 Hz, H-
7), 7.41 (2H, dd, J = 6.1, 1.7 Hz, H-2, 6),
6.78 (2H, dd, J = 6.5, 1.7 Hz, H-3, 5), 6.28
(1H, d, J = 15.3 Hz, H-8), 3.73 (3H, s,
-OCH,) ; "C-NMR (150 MHz, CD,0D) &: 169.7
(-COOH), 161.2 (C-4), 146.5 (C-7), 131.1
(C-2,6), 127.1 (C-1), 116.8 (C-3, 5), 114.9

(C-8), 51.9 (-OCH,) , VA %5 3Cmk (gL
85,2020) FEAR — B, K E S AR R R R IR
( p-methoxy-cinnamic acid) ,

&3 HEJCR, ESI-MS m/z: 135.0
[M-H] , 473/ CyH,0,,'H-NMR (600 MHz,
CD,0D) 6:9.75 (1H, s, H-4), 7.75 (2H, s, H-
2,6), 6.91 (2H, m, H-3, 5); “C-NMR (150
MHz, CD,0OD) &: 192.8 (C-1), 165.2 (C-4),
133.2 (C-2, 6), 115.9 (C-3, 5). VI B S X
Bk (BT 2EAF, 2017) HEAR 8 R E O 4-F 4R
FEORH I (4-methoxybenzaldehyde) .

&Y 4 HEHAK, ESI-MS m/z: 151.2
[M-H]™, 4> 73k C,H,0,,"H-NMR (600 MHz,
CD,0D) 8: 9.71 (1H, s, -CHO), 7.42 (1H, dd,
J=8.6,1.3Hz, H6), 7.41 (1H, d, J = 1.5
Hz, H-2), 6.92 (1H, d, J = 8.2 Hz, H-5), 6.90
(1H, brs, -OH), 3.87 (3H, s, -OCH,) ; "C-NMR
(150 MHz, CD,0D) &; 192.8 (-CHO) , 155.4 (C-
4), 149.9 (C-3), 130.3 (C-1), 128.1 (C-6),
116.4 (C-2), 111.2 (C-5), 56.4 (-OCH,), VI I
G5 SCHk (REELE 2021) FEAR - K E
HFEFEE (vanillin) ,

k&S HEBAEK, ESI-MS m/z: 177.2
[M-H] % F=H4 C,H,,0,,'"H-NMR (600 MHz,
CD,0D) &: 7.60 (1H, d, J = 16.2 Hz, H-3),
7.58 (2H, d, J = 8.4 Hz ,H-5,9), 6.79 (2H, d,
J=86Hz, H6,8), 6.78 (1H, d, J = 15.8 Hz,
H-2), 3.29 (3H, s, -OCH,); "C-NMR (150
MHz, CD,0OD) &: 169.7 (C-9), 161.3 (C-4),
146.5 (C-7), 133.6 (C-2), 131.1 (C-6), 127.1
(C-1), 116.8 (C-3"), 116.8 (C-5"), 114.9 (C-
8), 51.9 (-OCH,) , VA FE#E 5 CHR (El-kader et
al., 2020) JEA —F, BUEE N 4- R EE R AER T
fi§ (4-hydroxy-cinnamic acid methylester) ,

k& e HEIRY B, ESI-MS m/z:
137.1 [M-H]", 4 F X~ C,H,0,,' H-NMR (600
MHz, CD,0D) 6: 7.85 (2H, d, J = 8.6 Hz ,H-2,
6), 6.79 (2H,d, J = 8.4 Hz ,H-3, 5); "C-NMR
(150 MHz, CD,0D) &: 170.1 (C-7), 163.3 (C-
4), 132.9 (C-2, 6), 122.7 (C-1), 116.0 (C-3,
5). DL EBdE S SCEk (FERTEE,2020) A —3,
WS e X R B R (p-hydroxybenzoic acid)

&Y 7 HEHAK, ESI-MS m/z: 197.2
[M-H] ", %73~ C,H,,0,,"H-NMR (600 MHz,
CD,0D) &: 9.76 (1H, s, H-6), 7.78 (2H, d,



11

BLLP A . H BRI A o B A AT PR 1879

J=7.8Hz ,H3,5),7.75 (2H, m,H-2", 6'),
6.91~7.23 (3H, t, J = 7.2 Hz, H-3', 4', 5"),
6.89 (1H, d, J = 8.5 Hz, H-2), 6.37 (1H, d,
J = 7.8 Hz, H-4"); “C-NMR (150 MHz, CD,0D)
5:192.8 (C-7), 165.2 (C-6), 158.8 (C-1"),
133.4 (C-3",5"), 130.4 (C-2, 4), 129.0 (C-1),
116.9 (C-3, 5), 116.8 (C-1), 115.8 (C-4"),
104.8 (C-2', 6"), L E%¥E 5 3CHk (Ang et al.,
2014) FEA—F B E R (2-FRFEREL) (RE)
Hfli [ (2-Hydroxyphenyl) ( phenyl) methanone | ,

e 8 H AL MY, ESIMS m/z.
135.2 [M-H] ", 4+ F K C;H 0,, ' H-NMR (600
MHz, CD,0D) &: 7.25 (2H, br.s, H-2', 6'),
6.67 (1H, s, H-3), 6.49 (1H, s, H-6), 6.32
(1H, s, H-8), 3.97 (6H, s, 2CH,); "C-NMR
(150 MHz, CD,0D) 6: 192.8 (-COOH), 166.1
(C-1), 133.5 (C-3, 5), 128.7 (C-4), 116.9 (C-
2,6), 30.8 (-CH,), VA E%ds 530k (CERAERI
5,2019) FEA — 2, S X H R (p-
methylbenzoic acid) ,

EW 9 IRE AR, ESI-MS m/z: 195.2
[M+H]*, 272K €, H,,0,, ' H-NMR (600 MHz,
CD,0D) &; 7.52 (1H, d, J = 17.1 Hz, H-7),
7.03 (1H, d, J = 2.2 Hz, H-2), 6.89 (1H, dd,
J=8.7,2.1Hz, H6), 6.81 (1H, d, J = 8.3
Hz, H-5), 6.27 (1H, d, J = 16.5 Hz, H-8),
3.88 (3H, s, -OCH,); “"C-NMR (150 MHz, CD,
OD) 8: 169.9 (C-9), 149.6 (C-4), 146.5 (C-3),
146.1 (C-7), 127.9 (C-6), 127.3 (C-1), 116.6
(C-8), 115.2 (C-5), 115.0 (C-2), 53.7
(-OCH,) . VA - B#E 5 3¢k (Hori et al., 2021) %
AR —F T G R U HE R H R ( caffeic acid methyl
ester)

EY 10 HEBAK, ESI-MS m/z: 187.1
[M-H] ,%r 7k C,H,0,,'H-NMR (600 MHz,
CD,0D) &: 6.91 (1H, s, H-4), 3.84 (2H, s, H-
2), 3.71 (3H, s, 1-OCH,) ; “C-NMR (150 MHz,
CD,0D) &; 172.5 (C-1), 168.9 (C-6), 168.3 (C-
5), 141.2 (C-3), 130.7 (C-4), 52.5 (1-OCH,) ,
33.6 (C-2), DL E%dE 5 CHR (Xu et al., 2017)
FEAR—F W N LR A (aconitate A)

G 11 AR RY B, ESI-MS m/z.
225.0 [M+Na]*, 43+ F 30 CoH 04, 'H-NMR (600
MHz, CD,0D) 6: 6.93 (1H, s, H-4), 3.82 (2H,
s, H-2), 3.78 (3H, s, 1-OCH,) , 3.67 (3H, s, 5-

OCH,); "C-NMR (150 MHz, CD,0D) §: 172.5
(C-1), 168.8 (C-6), 167.3 (C-5), 142.1 (C-3),
129.3 (C-4), 52.6 (5-OCH,), 52.4 (1-OCH,),
33.6 (C-2), LA E#HE 5 SCHR (Xu et al., 2017)
HEAR—F, T E A LR E (aconitate E)

K& 12 A O E A, ESI-MS m/z: 381.1
[M-H] ™, &rERE M TLC 5 =T B S B DLAAT -
I KR (8 : 1.5 : 0.02, Rf=0.5) f1illE-&
TR B —VKEERR (6 : 4 : 0.02, Rf=0.55) Fl£1 ik -
PIEA-VKEERR (7 23 :0.02: Rf=0.6) NEIFH], &
TR O BRI B (5, 105 °C BT M , 45 S A 5 %)
RN A7 B L R A R BB A, O ik
EWRh 5-0-—HEARRNEBEEER (5-0-
dimethoxycinnamoylquinic acid) ( Z$£LI% %5 ,2021)

&Y 13 EEYRY B, ESI-MS m/z.
303.2 [M+H]", %+~ C,H,0,, 'H-NMR
(600 MHz, CD,0D) 6: 7.78 (2H, d, J = 2.2 Hz,
H-2'), 7.59 (1H, dd, J = 8.4, 2.1, Hz, H-6'),
6.85 (1H, d, J = 8.2 Hz, H-5"), 6.31(1H, d,
J =22Hz, H-8), 6.22 (1H, d, J = 2.0 Hz, H-
6) ;" C-NMR (150 MHz, CD,0D) &; 177.2 (C-
4),165.1 (C-7), 161.4 (C-5), 155.3 (C-9),
146.9 (C-4"), 146.7 (C-2), 144.7 (C-3"), 136.7
(C-3), 121.6 (C-1"), 118.7 (C-6"), 115.6 (C-
5), 115.3 (C-2"), 98.3 (C-6), 94.1 (C-8), W
RIS SCER (EE#ERAE,2021) A, i
FE A R (quercetin)

&Y 14 FHE YR, ESI-MS m/z: 433.4
[M-H]™, %4+ FX K C, H, O, . H-NMR (600 MHz,
CD,0D) &; 8.68 (2H, d, J = 2.1 Hz, H-2"), 8.12
(1H, d, J = 8.4, 1.8 Hz, H-6'), 7.41 (1H, d,
J =82, H-5),692 (1H, d, J =1.8, H-8), 6.75
(1H, d, J = 1.6 Hz, H-6), 5.60 (1H, d, J = 7.1
Hz, H-1"); "C-NMR (150 MHz, CD,0D) &: 177.9
(C-4), 163.6 (C-7), 161.5 (C-5), 156.9 (C-9),
156.5 (C-2), 148.7 (C-4"), 147.0 (C-3"), 135.1
(C-3), 121.3 (C-1'), 116.9 (C-5"), 116.5 (C-
2'), 106.3 (C-10), 102.0 (C-1"), 99.5 (C-6),
94.3 (C-8), 74.3 (C-3"), 72.2 (C-2"), 69.0 (C-
4"y, 67.1 (C-5"), DA E%ds 5 SCHk (o o ik 55,
2020) FEA—F, B E I R -3-0-a-L-FlHr
AR (quercetin-3-0-a-L-arabinoside) .

AW 15 IREEYOR, ESI-MS m/z; 463.4
[M-H] ", 4 F:X K C,, HyO,,, "H-NMR (600
MHz, CD,0D) 5. 8.43 (1H, d, J = 2.0 Hz, H-
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2'),8.10 (1H, dd, J = 8.2, 2.1 Hz, H-6'), 7.22
(1H, d, J = 8.5 Hz, H-5"), 6.67 (1H, d, J = 2.3
Hz, H-8), 6.64 (1H, d, J = 2.2 Hz, H-6), 6.13
(1H, d, J = 7.9 Hz, H-1"), "C-NMR (150 MHz,
CD,0D) 3; 178.7 (C-4), 166.4 (C-7), 162.9 (C-
5), 157.9 (C-9), 157.5 (C-2), 150.6 (C-4"),
146.5 (C-3"), 135.3 (C-3), 122.6 (C-1"), 122.2
(C-6"), 117.6 (C-2"), 116.0 (C-5"), 105.5 (C-
10), 105.1 (C-1"), 99.7 (C-6), 94.5 (C-8), 77.9
(C-5"), 75.3 (C-3"), 73.1 (C-2"), 69.4 (C-4"),
62.6 (C-6") . VL EX¥ds 53CH (2 d5F,2019) 2
AR—F, O R M 2 -3 -0-B-D - Mg 21 FLBE
( quercetin-3-0-B-D-galactopyranoside ) .

G 16 & B AR B, ESI-MS m/z:
531.5 [M+H]", 4> F 3~ C,yHy O5S.' H-NMR
(600 MHz, CD,0D) &: 4.12 (2H, t, J = 7.1 Hz,
H-1", 1), 3.08 (1H, m, H-2"), 2.93 (IH, m,
H-2), 2.83 (2H, m, H-3, 3"), 0.87 (2H, tt,
J =17.7, 5.6 Hz, H-12", 12”); "C-NMR (150
MHz, CD,0D) &. 171.3 (C-1, 1"), 65.5 (C-1",
1"), 47.2 (C-2,2"), 27.1 (C-3, 3"), 31.9 (C-
1, 11"y, 29.7 (C-10", 10"), 29.6 (C-9", 9"),
29.5 (C-8", 8"), 29.4 (C-7", 7"), 29.3 (C-6",
6"), 29.2 (C-5", 5"), 28.5 (C-4", 4"), 25.9
(C-3", 3"), 22.7 (C-=2", 2"), 14.1 (C-12",
12"y, DL e 5 SCHk (Malak et al., 2013) A
— 3, % e o AR OB N e B R
[ didodecyl thiodipropionate ( propionic acid, 3, 3-
sulfinyl di-1,1’-didodecyl ester) ] .

Ew 17 HEB R, ESI-MS m/z: 357.3
[M+H]", 4> F XN CyH, O,, "H-NMR ( 600
MHz, CD,0OD) 6. 7.28 (1H, d, J = 8.2 Hz, H-
2'),6.99 (1H, d, J = 2.1Hz, H-5"), 6.78 (1H,
d, J=1.8 Hz, H-2), 6.75 (1H, dd, J = 1.8,
8.4 Hz, H-6), 6.72 (1H, d, J = 1.8 Hz, H-5),
3.86 (3H, s, 3-OCH,), 3.65 (3H, s, 3'-OCH,),
2.65 (2H, t, J = 7.5 Hz, H-7"); "C-NMR (150
MHz, CD,0D) &;: 178.7 (C-9"), 148.5 (C-3),
147.3 (C-3"), 146.2 (C-4), 1459 (C-4"), 136.7
(C-1), 133.6 (C-6"), 127.6 (C-1"), 123.2 (C-
6), 117.6 (C-5"), 115.9 (C-5), 114.1 (C-2),
112.9 (C-2"), 72.7 (C-9), 56.4 (4-OCH,), 56.3
(4'-0CH,), 50.2 (C-8"), 47.0 (C-7), 41.6 (C-
8), 30.7 (C-7"), VI L%#i 5 CHR (Fedorova et
al., 2016) FEAR—Z, % %E N a-conidendrin,

G 18 T A AR Y BT, ESI-MS m/z.
361.4 [M+H] ", 5+ F 3~ Cy,H,, 0, 'H-NMR
(600 MHz, CD,0D) &: 6.99 (1H, d, J = 1.8 Hz,
H-2'), 6.87 (1H, dd, J = 1.8, 8.3 Hz, H-6),
6.77 (1H, d, J = 1.8 Hz, H-5"), 6.71 (1H, s,
H-6), 6.70 (1H, brs, H-4), 5.47 (1H, d, J =
6.6 Hz, H-2), 3.88 (3H, s, 7-OCH,) , 3.83/3.74
(2H, m, H-3a/3a’), 3.66 (3H, s, 3'-OCH,),
3.58 (2H, t, J = 6.5 Hz, H-5¢), 3.49 (1H, dt,
J =6.4,6.3Hz, H-3),2.65 (2H, t, J = 7.5 Hz,
H-5a), 1.80 (2H, tt, J = 6.6, 7.7 Hz, H-5b);
"C-NMR (150 MHz, CD,0D) &: 149.0 (C-3"),
147.4 (C-4"), 147.4 (C-7a), 145.1 (C-7), 136.9
(C-5), 134.8 (C-1"), 129.8 (C-4a), 119.7 (C-
6'), 117.9 (C-4), 116.1 (C-5"), 114.0 (C-6),
110.5 (C-2"), 89.0 (C-2), 64.9 (C-3a/a’), 62.2
(C-5¢), 56.7 (7-OCH;) , 56.3 (3’-0OCH,), 55.4
(C-3), 35.8 (C-5b), 32.9 (C-5a), Mk FHIRE
SCHR (Jia et al., 2017) FEAR —2, UK E N rel-
(2a,3B) -7-0O-methylcedrusin ,

EW 19 HEamAK, ESI-MS m/z; 383.2
[M+H]", 5+ 3~ C 3 Hy 0y, TH-NMR (600
MHz, CD,0D) &: 7.55 (1H, d, J = 15.8 Hz, H-
7), 7.28 (1H, d, J = 1.3 Hz, H-2), 7.12 (1H,
dd, J = 1.4, 8.1 Hz, H-6), 6.76 (1H, d, J =
8.2 Hz, H-5), 6.43 (1H, d, J = 15.8 Hz, H-8),
5.15 (1H, m, H-3'), 3.84 (4H, s, 3-OCH,, H-
4"y, 3.60 (1H, m, H-5'), 3.55 (3H, s,
COOCH,), 2.05 (1H, dd, J = 4.2, 12.6 Hz, H-2'
b), 2.04 (1H, dd, J = 5.3, 13.5 Hz, H-6'b),
1.87 (1H, dd, J = 1.5, 12.6 Hz, H-2'a), 1.83
(1H, dd, J = 2.6, 13.4 Hz, H-6'a); " C-NMR
(150 MHz, CD,0D) &; 174.2 (CO), 166.1 (C-
9), 149.1 (C-4), 147.9 (C-3), 144.5 (C-7),
125.7 (C-1), 123.0 (C-6), 115.5 (C-5), 115.3
(C-8), 110.9 (C-2), 72.6 (C-1"), 70.3 (C-3"),
70.0 (C-4"), 67.8 (C-5"), 55.7 (3-OCH,), 51.5
(COOCH,), 39.1 (C-6"), 34.8 (C-2"), LI %k
P53k (IFEIEESE,2017) HA 3 L E N 3-
O- Pl 2t 28 7 MR B R (3-O-Ferulylquinic acid
methyl ester)

&M 20 B KK, ESI-MS m/z: 285.1
[M-H],%+ 7k CH, 0, "H-NMR (600 MHz,
CD,0D) & :12. 23 (1H, s, 5-OH), 7.42 (1H,
dd, J = 8.6, 0.8 Hz, H-6"), 7.40 (1H, d, J =
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1.0 Hz, H-2"), 6.96 (1H, d, J = 8.4 Hz, H-3"),
6.60 (1H, s, H-3), 6.52 (1H, d, J = 0.8 Hz, H-
8), 6.20 (1H, d, J = 0. 8 Hz, H-6); "C-NMR
(150 MHz, CD,0D) 6. 183.8 (C-4), 166.4 (C-
7), 166.1 (C-2), 163.2 (C-9), 159.4 (C-5),
151.2 (C-4"), 147.1 (C-3"), 123.1 (C-1"),
120.3 (C-3), 116.8 (C-5"), 114.1 (C-6"), 105.3
(C-2"), 103.8 (C-10), 100.1 (C-6), 95.0 (C-
8)., LI &5 ik (Cao et al., 2021) AR —
A E AR RFLR (luteolin)

L&YW 21 WETTERB AR, ESI-MS m/z:
509.3 [M+H]*, 2 F3 N C,,H,,0,,.' H-NMR (600
MHz, CD,0OD) 6. 7.48 (1H, s, H-6"), 6.70 (1H,
d, J = 2.2 Hz, H-15), 6.55 (1H, d, J = 8.0 Hz,
H-18), 6.44(1H, d, J = 2.2 Hz, H-8), 6.33 (1H,
d, J = 8.0 Hz, H-19), 6.18 (1H, d, J = 2.2 Hz,
H-6), 3.56 (3H, s, 16-OCH,), 3.50 (1H, m, H-
12), 3.24 (1H, m, H-11b), 4. 82 (1H, s, H-13),
4.05 (3H, s, 3'-OCH,), 3.72 (3H, s, 5'-OCH,),
3.61 (1H, m, H-11a), 3.20 (1H, m, H-11b), "C-
NMR (150 MHz, CD,0D) &: 182.0 (C-4), 165.7
(C-7), 163.3 (C-5), 160.8 (C-2), 158.7 (C-9),
149.7 (C-5"), 148.9 (C-16), 147.7 (C-3"), 146.0
(C-17), 145.5 (C-4"), 136.6 (C-14), 128.8 (C-
2'), 120.8 (C-19), 119.1 (C-1"), 115.9 (C-18),
112.4 (C-15), 112.0 (C-3), 105.3 (C-10), 103.8
(C-6"), 100.0 (C-6),94.9 (C-8), 62.8 (C-11),
60.9 (3'-OCH,), 56.9 (5'-OCH,), 56.3 (16-
OCH,), 42.3 (C-12), 37.8 (C-13), VA FH¥i 53
R (S5 AR, 2020) FEA — 2, O E R (58,
6S)-5, 6-dihydro-3, 8, 10-trihydroxy-5-( 4-hydroxy-3-
methoxyphenyl ) -6-hydroxymethyl-2, 4-dimethoxy-7H-
benzo [ ¢ ]xanthen-7-one)

a5 ¥ 22 HEKAK, ESI-MS m/z: 381.4
[M-H] ™, %X & C H,0,, "H-NMR (600 MHz,
CD,0D) 6: 9.59 (1H, brs, 7'-OH), 7.50 (1H, d,
J = 15.6 Hz, H-3"), 7.27 (1H, d, J = 1.6 Hz, H-
5"), 7.01 (1H, dd, J = 8.2, 1.6 Hz, H-9"), 6.81
(1IH, d, J = 8.0 Hz, H-8'), 6.40 (1H, d, J =
15.6 Hz, H-2"), 5.49 (1H, brs, 1-OH), 5.13 (1H,
dt, J = 9.2, 3.8 Hz, H-5), 4.91 (1H, brs, 4-OH)
4.83 (1H, brs, 3-OH), 3.85 (1H, overlapped, H-
3), 3.84 (3H, s, 6'-OCH,), 3.68 (1H, m, H-4),
3.55 (3H, s, 7-OCH,), 2.05 (1H, dd, J = 12.7,
3.9 Hz, H-6b), 1.95 (1H, dd, J = 13.0, 5.9 Hz,

H-2b), 1.86 (1H, dd, J = 12.3, 9.6 Hz, H-6a),
1.84 (1H, dd, J = 13.3, 3.1 Hz, H-2a) ;"C-NMR
(150 MHz, CD,0D) 6:176.5 (C-7), 168.9 (C-1"),
150.4 (C-7"), 149.4 (C-6"), 146.8 (C-3'), 127.9
(C-4"), 124.1 (C-9"), 116.5 (C-8'), 116.1 (C-
2y, 111.7 (C-5"), 75.3 (C-1), 73.9 (C-4), 72.7
(C-5), 68.6 (C-3), 56.4 (6’-OCH,), 52.9 (7-
OCH,), 40.8 (C-2), 36.4 (C-6), LI F¥¥E5 3wk
(ZRPRIESF [ 2020) HEA—F, B E R 5-0- P #i it
Z TR ER (5-0-Ferulylquinic acid methyl ester) ,
3.2 DPPH ZMEXEWERBEBRERNTNER

f2& 1 AlA, el 15 MMeA Y AUk &
12 R BAFWHT R ATE 1, 1C, fH ol 49.58 pg -
mL", HAD AL G W ok WOR P A TE M I, (E >
1000 pg + mL",

&1 DPPH EWE 15 ML EMH B BAEFRAE
Table 1 Determination of free radical scavenging

abilities of 15 compounds by DPPH method

Gl DPPI})IPEHFHr%ﬁ%%$ Ca
Compound scavenging rate (%) (W& "L
1 4.48 >1 000
2 2.86 >1 000
3 1.52 >1 000
4 -3.68 >1 000
5 3.63 >1 000
6 2.00 >1 000
7 -5.97 >1 000
8 1.92 >1 000
9 1.23 >1 000
11 -0.98 >1 000
12 ~78.43 49.58
13 1.92 >1 000
14 1.66 >1 000
15 1.56 >1 000
16 3.02 >1 000

4 ik 5 Hik

TF A0 12 5400 14 1) T B0k ik phe 254 iy o
IR B B iR AR Z — WIS B P 2 B A R]
e KRR (XBZEW,2010) . H B/ A2
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