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Phenolic constituents of Pumbago zeylanica and their anti-oxidative effects
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Abstract: Objective To investigate the phenolic compounds from Plumbago zeylanica and their anti-oxidant activities. Methods
The phenolic compounds and their analogues were isolated and purified by silica gel column chromatography, semi-preparative
HPLC, and HPLC. Their structures were identified by spectroscopy data. The isolated compounds were tested for anti-oxidant
activity by ABTS assay. Results Twelve phenolic compounds were obtained and identified as (+)-5,5'-dimethoxyl ariciresionl
4'-O-B-D-glucopyranoside (1), tracheloside (2), quercetin-3-O-B-D-galactoside (3), quercetin-3-O-B-D-glucopyranoside (4),
quercetin (5), quercetin 3-O-a-L-rhamnoside (6), kaempferol-3-O-a-L-rhamnoside (7), apigenin-6-C-B-D-glucopyranoside (8),
luteolin 6-C-B- glucopyranoside (9), polybotrin (10), 3-O-(B-D-glucopyranosyl)-1-(3',5'-dimethoxy-4'-hydroxyphenyl)-1-propanone
(11), and (2E,4E,1'R,3'S,5'R,8'S)-dihydrophaseic acid-3'-O-B-D-glucopyranoside (12). The anti-oxidant activity experiment showed
that compounds 3—9 displayed significant anti-oxidative activities. Conclusion All of the twelve phenolic compounds are isolated
from this plant for the first time. The isolated flavones 3—9 displayed significant anti-oxidative activities.
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FAEPHER E FE A0 T 7R, 778 5. =/
B R, VOIS, JyIREER. R, BERE.
BRI, Wik, 4EE /RIS Z RIESIHZH, 245H
EALAMR . R R IR PERR, R
WUETE S HORE I 2 ThR,  RIEH 697 Rgs
i BT MRS R e, B0
B A S e PR R SR, BAES R A Bt
KB PUE. ol raEe. sus st
UL AL R 2 as ik pih 22 R G146 22 i 24 3
TER]. HHTC A BFEFHED b 45 2 /0 8 1 25
K0 FERERM GHRREIA, AR
By e 9T RS FAEFT I 2R B A, 5E
TP I R A A B IR,  A SR EAEPHHT 70%
LT SEMUIRHAT T A B 5 23R AT 5T . A
LI EOTEEOR WIHIE T B AL 453 12 Mes
Yy, A% €N (£)-5,5-dimethoxyl ariciresionl
4'-0-B-D-glucopyranoside (1) %51 (tracheloside,
2). M3 -3-0-p-D-F-FLWEH (quercetin-3-O-B-D-
galactoside, 3) #fl } 2-3-O-B-D-78] % ¥ 1 (quercetin
3-0-B-D-glucopyranoside, 4). #fit[ % (quercetin,
5). Hit 3 -3-0-0-L-FRZFEH  (quercetin-3-O-a-L-
thamnoside , 6 )« LIl 2% By -3-O-0-L- R 2= B# H
(kaempferol-3-0-o-L-rhamnoside, 7). 73 %&-6-C-B-
D-7 %] BT (apigenin-6-C-p-D-glucopyranoside, 8+
KB B % -6-C-B-D- i %] ¥ H (luteolin-6-C-B-D-
glucopyranoside, 9). polybotrin (10). 3-O-(B-D-
glucopyranosyl)-1-(3',5'-dimethoxy-4'-hydroxyphenyl)-
1-propanone (11). (2E,4E,1'R,3'S,5'R8'S)- A 41t
K GIR-3-0-B-D-M I & ¥EH [QEAE,1'R3'S,5'R,
8'S)-dihydrophaseic acid-3'-O-B-D-glucopyranoside,
12]. Hrf, & 1~12 B E IR ZED 5
135, izH ABTS VEX C 7 B A& Wk AT it ddb
NI, WEY 3~9 TR AR Y i
Trolox B 5 () i d A iE M
1 UFESHHR

Bruker DRX-500 ##iILARAC (Ffi 1 Bruker 24
A]): 1260 Infinity LC-MS. 1260 A i (3£H
Agilent Aw]); B LR G (GEEE
WAL B A R A D HEEOIEEER (100~2004
200~300 HO. EEAHEI GFass (7 EilErEiL T
J7); RP Cis BuilfdEkl. HPLC 454 (250 mm X
20 mm, 5 um, HZA YMC 2A@]); A 4K b
MRS ERA R AR AhEE. BERCRE. 1E

T HES ol CRENERFIARARD; &
WEHEE, o5 (3EE Sigma AF]); ABTS &EPréEfb
Re TR (HEE R RAEMEARAIRAFD.

FIAEFH 250 T 2016 529 HIE T otk B i X
RENT, ZrE KEE— 8 b 5 R A R FE
25 W % S B e fH R B AR T B R Y B AR T
Plumbago zeylanica L. HITFEH_FE45) o
2 RESSE

FAEFHZR (10 k) BSR4 70% LIS
PRIFHEE 3 WK, AR 1.5 h, SHFRBOR, WIEK
45, PIRZEENG, 1HRE 540 g ZE D EKIEES
SOy B AT MR BERR £ BE. 1E TR, JJE[R
W RS B A T BE AL 150 g BERR ZBE BT 84
g+ IETEEEAL 106 g /KEBOL 177 go K 1R T BEHAL
SRR ERE (100~200 H)Y 408, LAAEMG-HEE
(151 1—~1 0 D AEAEIRFK ST BN, 515
F 10 MR (Fr. 1~10). Fr. 6 222 4% = 80K
M, DUFEE-0.03% =8 L8 (38 : 62, A
ME 4 mL/min) ARSI, 152454 5(7.3 mg).
Fr. 7~8 &Ml & @A (i, BLZE-0.03% =
WO (12188, AABUAE 4 mL/min) NI,
BREAEY 1 (2.6 mg). 2 (22.0mg)+ 3 (15.5 mg)-
4 (9.6 mg). 6 (16.5mg). 7 (552 mg). 8 (27.8 mg)
A9 (31.7 mg); Fr. 9 &Yl & m R e, DA
HEZ-0.03% =% LR (10 : 90, {AFf & 4 mL/min)
KR, BEHMLEY 10 (7.3 mg). 11 (17.2 mg)
12 (6.5mg).
3 HmEE

a1 BOIERMA, ESI-MS m/z: 583.5
[M+H]". 'H-NMR (500 MHz, DMSO-ds) 6: 6.60
(2H, s, H-2', 6"), 6.44 (2H, s, H-2, 6), 4.87 (1H, d, J =
8.0 Hz, H-1"), 4.71 (1H, d, J = 6.0 Hz, H-7), 3.00~
3.70 (6H, m, H-2"~6"), 3.90 (1H, dd, J = 8.0, 6.5 Hz,
H-9a), 3.60 (1H, overlapped, H-9b), 3.72 (1H, m,
H-9'a), 3.52 (1H, m, H-9'b), 3.74 (6H, s, 2X OCH3),
3.73 (6H, s, 2X OCH3), 2.23 (1H, m, H-8'), 2.26 (1H,
m, H-8), 2.82 (1H, dd, J = 13.5, 4.5 Hz, H-7a), 2.42
(1H, dd, J = 13.5, 11.0 Hz, H-7b); 3C-NMR (125
MHz, DMSO-ds) 6: 152.4 (C-3', 5'), 146.9 (C-3, 5),
139.5 (C-1"), 133.6 (C-4"), 133.4 (C-4), 130.9 (C-1),
106.0 (C-2, 6), 103.9 (C-2', 6'), 102.8 (C-1"), 81.8
(C-7"), 77.1 (C-5"), 76.5 (C-3"), 74.2 (C-2"), 72.0
(C-9), 69.9 (C-4"), 60.9 (C-6"), 58.7 (C-9"), 56.4
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(2X OCH3), 55.9 (2X OCHj3), 52.2 (C-8), 41.9 (C-8),
32.6 (C-7). L iR%dh 5 ko e AR — M), i
EWED 14 (£)-5,5'-dimethoxyl ariciresionl 4'-O-
B-D-glucopyranoside.

&M 2. BIERM A, ESI-MS m/z: 573.3
[M+Na]*. 'H-NMR (500 MHz, DMSO-ds) &: 6.70
(1H, dd, J = 8.5, 1.5 Hz, H-6'), 6.54 (1H, dd, J = 8.0,
1.5 Hz, H-6), 6.79 (1H, d, J = 1.5 Hz, H-2"), 6.99 (1H,
d, J = 8.5 Hz, H-5'), 6.69 (1H, d, J = 1.5 Hz, H-2),
6.84 (1H, d, J = 8.0 Hz, H-5), 4.83 (1H, d, J = 7.5 Hz,
H-1"), 3.20~4.00 (6H, m, H-2"~6"), 3.96 (2H, m,
H-9), 3.72 (3H, s, OCH3), 3.71 (3H, s, OCH3), 3.70
(3H, s, OCH3), 2.36 (1H, m, H-8), 2.64 (1H, m, H-7a),
2.40 (1H, m, H-7b), 3.03 (1H, d, J = 13.5 Hz, H-7"a),
2.86 (1H, d, J = 13.5 Hz, H-7'b); *C-NMR (125 MHz,
DMSO-dg) : 177.8 (C-9'), 148.7 (C-3), 148.4 (C-4),
147.2 (C-3"), 145.6 (C-4"), 131.6 (C-1), 129.2 (C-1),
122.4 (C-6"), 120.4 (C-6), 114.9 (C-2), 114.8 (C-5"),
112.5 (C-2), 112.0 (C-5), 100.1 (C-1"), 77.0 (C-5"),
76.8 (C-3"), 75.3 (C-8'), 73.2 (C-2"), 69.8 (C-9), 69.6
(C-4"), 60.6 (C-6"), 55.7 (OCH3), 55.5 (OCH3), 55.4
(OCH3), 42.7 (C-8), 30.7 (C-7), 40.2 (C-7"). iR ¥
5 SRR E B A — ), MUS e B 2 R AT

&) 3: HETLE A, ESI-MS m/z: 503.2
[M+K]". 'H-NMR (500 MHz, DMSO-ds) 0: 7.66
(1H, dd, J = 8.5, 2.0 Hz, H-6'), 7.53 (1H, d, J = 2.0
Hz, H-2'), 6.82 (1H, d, J = 8.5 Hz, H-5"), 5.37 (1H, d,
J=17.5Hz, H-1"), 6.41 (1H, d, J = 2.0 Hz, H-6), 6.20
(1H, d, J = 2.0 Hz, H-8), 3.30~3.60 (6H, m, H-2"~
6"); C-NMR (125 MHz, DMSO-ds) : 177.5 (C-4),
164.1 (C-7), 161.2 (C-5), 156.3 (C-9), 156.2 (C-2),
148.4 (C-4'), 148.8 (C-3"), 133.5 (C-3), 121.9 (C-6"),
121.0 (C-1"), 115.8 (C-5"), 115.1 (C-2"), 103.8 (C-10),
101.8 (C-1"), 98.6 (C-6), 93.4 (C-8), 75.8 (C-5"), 73.2
(C-3"), 71.2 (C-2"), 67.8 (C-4"), 60.1 (C-6"). _Lik¥}
I 5 SRR IE FE AR — U, MU e S 3 9
K-3-0-B-D-F-AFETr .

&Y 4: FHETEHM A, ESI-MS m/z: 587.4
[M+Na]*. 'H-NMR (500 MHz, DMSO-ds) J: 7.56
(1H, overlapped, H-6"), 7.83 (1H, d, J = 9.0 Hz, H-5),
7.56 (1H, overlapped, H-2'), 5.45 (1H, d, J = 7.5 Hz,
H-1"), 6.40 (1H, d, J = 2.0 Hz, H-6), 6.20 (1H, d, J =
2.0 Hz, H-8), 3.10~3.60 (6H, m, H-2"~6");

BC-NMR (125 MHz, DMSO-ds) J: 177.4 (C-4), 164.1
(C-7), 161.2 (C-5), 156.3 (C-2), 156.2 (C-9), 148.5
(C-4"), 144.8 (C-3"), 133.3 (C-3), 121.6 (C-1"), 121.1
(C-5"), 116.2 (C-6"), 115.2 (C-2'), 104.0 (C-10), 100.9
(C-1"), 98.6 (C-6), 93.5 (C-8), 77.5 (C-5"), 76.5
(C-3"), 74.1 (C-2"), 69.9 (C-4"), 61.0 (C-6"). k%
P 5 S0 AR TE FE AR — 2T, WS RS 4 A
H-3-O-B-D-Hi G BT

EY 5. HOTEM A, ESI-MS m/z: 303.6
[M+H]". '"H-NMR (500 MHz, DMSO-ds) 0: 7.53
(1H, dd, J = 8.5, 2.0 Hz, H-6'), 7.66 (1H, d, J = 2.0
Hz, H-2'), 6.87 (1H, d, J = 8.5 Hz, H-5"), 6.39 (1H, d,
J = 2.0 Hz, H-6), 6.17 (1H, d, J = 2.0 Hz, H-8);
BC-NMR (125 MHz, DMSO-ds) 6: 177.8 (C-4), 165.7
(C-7), 162.6 (C-5), 158.0 (C-9), 149.6 (C-2), 148.6
(C-4"), 146.9 (C-3"), 137.5 (C-3), 123.8 (C-1'), 121.8
(C-5"), 117.5 (C-6"), 116.9 (C-2'), 104.8 (C-10), 100.0
(C-6), 95.2 (C-8). A% 5 STk F A — k17,
S EAEY 5 IR R

&Y 6: BT EMA, ESI-MS m/z: 471.2
[M+Na]*. 'H-NMR (500 MHz, DMSO-ds) J: 7.24
(1H, dd, J = 8.5, 2.0 Hz, H-6'), 6.85 (1H, d, J = 2.0
Hz, H-2'), 7.29 (1H, d, J = 8.5 Hz, H-5'), 5.25 (1H,
brs, H-1"), 6.38 (1H, d, J = 2.0 Hz, H-6), 6.19 (1H, d,
J=2.0 Hz, H-8), 3.10~3.50 (4H, m, H-2"~5"), 0.81
(3H, d, J = 6.0 Hz, H-6"); "*C-NMR (125 MHz,
DMSO-ds) J: 179.6 (C-4), 166.1 (C-7), 163.2 (C-5,),
159.1 (C-9), 158.3 (C-2), 150.3 (C-4'), 147.1 (C-3"),
136.1 (C-3), 123.0 (C-1"), 122.6 (C-2"), 117.5 (C-6"),
117.3 (C-5"), 105.9 (C-10), 103.7 (C-1"), 100.5 (C-6),
95.5 (C-8), 73.1 (C-5"), 72.4 (C-3"), 72.2 (C-2"), 71.9
(C-4"),19.3 (C-6"). i ¥t 5 ka2 A —35 1Y),
HUETEEY) 6 S R -3-0-0-L- RFEWEH

a7 HOITETM A, ESI-MS m/z: 455.1
[M+Na]". 'H-NMR (500 MHz, DMSO-ds) J: 7.74
(2H, d, J = 8.0 Hz, H-2', H-6'), 6.90 (2H, d, J = 8.0
Hz, H-3', H-5"), 5.28 (1H, d, J = 2.0 Hz, H-1"), 6.41
(1H, d, J = 2.0 Hz, H-6), 6.20 (1H, d, J = 2.0 Hz, H-8),
3.00~3.30 (4H, m, H-2"~5"), 0.78 (3H, d, J = 6.0
Hz, H-6"); '*C-NMR (125 MHz, DMSO-ds) J: 179.6
(C-4), 166.1 (C-7), 163.2 (C-5), 161.9 (C-9), 151.9
(C-2), 158.4 (C-4"), 136.1 (C-3), 132.4 (C-2', C-4"),
122.4 (C-1"), 117.3 (C-3', C-5"), 106.0 (C-10), 103.7
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(C-1"), 100.6 (C-6), 95.6 (C-8), 73.0 (C-5"), 72.5
(C-3"), 72.2 (C-2"), 71.9 (C-4"), 19.3 (C-6"). _Lit%L
P 5 SOk T AR — ), MUS e A T Nl
M 3-0-a-L- R

&) 8: O IEM AR, ESI-MS m/z: 455.1
[M+Na]*. 'H-NMR (500 MHz, DMSO-ds) J: 7.82
(2H, d, J = 9.0 Hz, H-2', 6'), 6.93 (2H, d, J = 9.0 Hz,
H-3', 5), 6.77 (1H, s, H-3), 6.52 (1H, s, H-8), 4.59
(1H, d, J = 10.0 Hz, H-1"), 4.03 (1H, t, J = 10.0 Hz,
H-2"), 3.68 (1H, dd, J = 11.5, 1.5 Hz, H-6"a), 3.42
(1H, dd, J = 11.5, 6.0 Hz, H-6"b), 3.00~3.30 (3H, m,
H-3"~5"); 3C-NMR (125 MHz, DMSO-d) J: 181.9
(C-4), 163.5 (C-2), 163.2 (C-7), 161.2 (C-4), 160.6
(C-5), 156.2 (C-9), 128.4 (C-2', C-6"), 121.9 (C-1"),
115.9 (C-3', C-5"), 108.9 (C-6), 103.4 (C-10), 102.8
(C-3), 93.6 (C-8), 81.5 (C-5"), 78.9 (C-3"), 73.1
(C-1"), 70.6 (C-4"), 70.2 (C-2"), 61.4 (C-6"). _Lik¥L
P 5 SCHR IR TE AR — 2, MU R A 8 TR
K -6-C-B-D-7 % HE LT

& 9: HETEMA, ESI-MS m/z: 471.1
[M+Na]*. 'H-NMR (500 MHz, DMSO-ds) 6: 7.41
(1H, dd, J = 8.0, 2.0 Hz, H-6'), 7.40 (1H, d, J = 2.0
Hz, H-2'), 6.89 (1H, d, J = 8.0 Hz, H-5'), 6.66 (1H, s,
H-3), 6.48 (1H, s, H-8), 4.59 (1H, d, J = 10.0 Hz,
H-1"), 4.04 (1H, t, J=10.0 Hz, H-2"), 3.68 (1H, d, J =
10.0 Hz, H-6"a), 3.42 (1H, m, H-6"b), 3.00~3.70
(3H, m, H-3"~5"); BC-NMR (125 MHz, DMSO-ds)
J: 181.8 (C-4), 163.6 (C-2), 163.2 (C-7), 160.6 (C-5),
156.2 (C-9), 149.7 (C-4'), 145.7 (C-3"), 121.4 (C-1"),
118.9 (C-6'), 116.0 (C-5'), 113.3 (C-2'), 108.8 (C-6),
103.4 (C-10), 102.8 (C-3), 93.5 (C-8), 81.5 (C-5"),
78.9 (C-3"), 73.0 (C-1"), 70.6 (C-2"), 70.2 (C-2"),
61.5 (C-6"). _FIR%HE 5 SCilik o B A — 520, iy
BENEY 9 ARBHER- 6-C-B-D-H G HEH -

&P 10: AETCE TR K, ESI-MS m/z: 247.2
[M+Na]*. 'H-NMR (500 MHz, DMSO-ds) J: 7.87
(1H, d, J = 8.0 Hz, H-4'), 5.64 (1H, dd, J = 8.0, 2.0
Hz, H-5'), 5.77 (1H, d, J = 5.5 Hz, H-2), 3.84 (1H, m,
H-5), 4.02 (1H, t, J = 5.0 Hz, H-3), 3.96 (1H, t, J= 5.0
Hz, H-4), 3.61 (1H, dd, J = 12.0, 3.0 Hz, H-6"a), 3.54
(1H, dd, J = 12.0, 3.0 Hz, H-6"b); "“C-NMR (125
MHz, DMSO-ds) d: 163.1 (C-2"), 150.7 (C-3"), 140.7
(C-4), 101.7 (C-5"), 87.8 (C-2), 84.9 (C-5), 73.5

(C-3), 69.9 (C-4), 60.9 (C-6). [ IRHH 5 ko F
AP, % E LAY 10 4 polybotrin.

&Y 11: BETEE LK K, ESI-MS m/z: 389.5
[M+H]*. 'H-NMR (500 MHz, DMSO-ds) 6: 7.25
(2H, s, H-4, 6), 4.19 (1H, d, J = 8.0 Hz, H-1"),
2.90~3.70 (6H, m, H-2"~6"), 4.10 (1H, m, H-3a),
3.84 (1H, m, H-3b), 3.83 (6H, s, 2X OCH3); *C-NMR
(125 MHz, DMSO-ds) 6: 196.5 (C-1), 147.5 (C-3',
C-5"), 141.0 (C-4"), 127.2 (C-1'), 106.1 (C-2', 6'),
103.1 (C-1"), 76.8 (C-5"), 76.7 (C-3"), 73.4 (C-2"),
70.1 (C-4"), 64.7 (C-3), 61.1 (C-6"), 56.1 (2>X OCH3),
38.1 (C-2)o FiR%udl 5 CmkiE FE A — 822, W%
EWEY 11 A 3-0-(B-D-glucopyranosyl)-1-(3',5'-
dimethoxy-4'-hydroxyphenyl)-1-propanone.

WG 12: ABTE TR R, ESI-MS m/z: 467.2
[M+Na]*. 'H-NMR (500 MHz, DMSO-ds) J: 7.89
(1H, d, J = 16.0 Hz, H-5), 6.36 (1H, d, J = 16.0 Hz,
H-4), 5.69 (1H, s, H-2), 4.18 (1H, d, J = 8.0 Hz,
H-1"), 3.11 (1H, m, H-3"), 3.67 (1H, m, H-7'a), 3.58
(1H, m, H-7'b), 3.41 (1H, m, H-5"), 4.07 (1H, m,
H-3"), 3.01 (1H, m, H-2"), 3.09 (1H, m, H-4"), 3.65
(1H, m, H-6"), 2.04 (1H, m, H-2'a), 1.83 (1H, m,
H-2'b), 1.66 (1H, m, H-4'a), 1.63 (1H, m, H-4'b), 2.00
(3H, s, H-6), 1.04 (3H, s, H-9"), 0.83 (3H, s, H-10");
BC-NMR (125 MHz, DMSO-dj) 6: 166.8 (C-1), 149.0
(C-3), 134.4 (C-5), 129.7 (C-4), 118.3 (C-2), 101.4
(C-17), 85.4 (C-5"), 812 (C-8'), 76.7 (C-3"), 76.6
(C-7"), 75.1 (C-5"), 73.4 (C-3"), 71.4 (C-2"), 70.1
(C-4"), 61.1 (C-6"), 47.9 (C-1"), 41.7 (C-2"), 41.5
(C-4"),20.7 (C-6), 19.5 (C-9"), 15.9 (C-10"). _FiR%HE
HarioE B A — 5B, s EhEw 12 K
(2EAE,1'R3'S,5'R,8'S)- ~ A LI W R-3'-O-B-D-Mik
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