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Study of phenolic compounds from rhizome of Sinacalia tangutica

HUANG Ya-wen, HUANG Xing-guo, SU Yan-fang
School of Pharmaceutical Science and Technology, Tianjin University, Tianjin 300072, China

Abstract: Objective To study the chemical constituents of the rhizome of Sinacalia tangutica. Methods The constituents were
isolated and purified by silica gel, polyamide column chromatography, Sephadex LH-20, and ODS column chromatography. Their
structures were elucidated by NMR spectra comparison with reference data. Results Fourteen phenolic compounds were isolated
from the rhizome of S. tangutica, which were identified as hydrangetin (1), 7-hydroxy-coumarin (2), syringic acid (3),
4-hydroxy-3,5-dimethoxybenzaldehyde (4), 3,4-dihydroxybenzaldehyde (5), 4-hydroxybenzaldehyde (6), caffeic acid (7),
p-hydroxycinnamic acid (8), ferulic acid (9), methyl 4-O-caffeoyl quinate (10), methyl 5-O-caffeoyl quinate (11), ethyl 5-O-caffeoyl
quinate (12), methyl 4,5-di-O-caffeoyl quinate (13), and methyl 3,5-di-O-caffeoyl quinate (14). Conclusion Compounds 3—5, 7—14
are isolated from the genus of Sinacalia for the first time.

Key words: Sinacalia tangutica (Maxim.) B. Nord.; hydrangetin; syringic acid; caffeic acid; ferulic acid; methyl 3,5-di-O-caffeoyl
quinate
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(caffeic acid, 7). XF£%HE KL (p-hydroxycinnamic
acid, 8). FZHEZ (ferulic acid, 9). A4-WMmEREIEZs
THEHEE (methyl 4-O-caffeoyl quinate, 10). 5-BiinE
i EZE IR g (methyl 5-O-caffeoyl quinate, 11).

X
R, 0o

S-WNHERE e Zs T2 .6 Cethyl 5-O-caffeoyl quinate,
12). 45-ZunmERE AL ZE R R Cmethyl 4,5-di-
O-caffeoyl quinate, 13). 3,5- WIHEREIEZE 5 /2 FH fig
(methyl 3,5-di-O-caffeoyl quinate, 14). Z5# W& 1.

)@ R, . COOH
R; R, sz@/\/

R2 R3
1 R,=OH, R,=OCH; 3 R;=COOH, R,= R;=0CHj, R;=0OH 7 R=R,=OH
2 R,;=0H, R,=H 4 R|=CHO, R,= R4=OCHj3;, R;=OH 8 R;=H, R,=OH
5 R,=CHO, R,=R;=OH, R,=H 9 R;=OCHj3, R,=OH
6 R;=CHO, R,=R4=H, R;=OH
o OR, 10 R;=CH;, R,=R=H, Ry=caf 0
11 R,=CH;, R,=Ry=H, R,=caf HO X
R OR; 12 R,=C,Hs, R,=Ry=H, Ry=caf caf=
OH OR, 13 R;=CHj;, R,=H, Ry=R,=caf HO

14 R|=CHj, R,=R,=caf, Ry=H

1 k& 1~14 K%M
Fig. 1 Structures of compounds 1—14

1 XEEH

Bruker Avance 1 & 4% i 3 ik i 4 (600
MHz, ¥ Bruker /A %] ); Agilent TOF LC/MS Jiits
15 (GEE Agilent 22 7]); XTAA T4 2T 2 X (3%
A NAERMC A RS P R T i
(GFps4, 10~40 um); FEEIERER (100~200 H .
200~300 H O N S#EEL ) 7 i 2% (60~
80 H > NHTIL & I ER MUY FE A AL BRE T 77 i
Sephadex LH-20 %] 5 ¥ &t 1 & Amersham Pharmacia
HEPFAR A F P i ODS AR RERER: (20~45 pm)
4 Fuji Silysia tb2=HBRA R ;. D101 KALI
B R TG A RA A 7= dh; ZORBAX
SB-Cyg il 454E (250 mmXx21.2 mm, 7 um), Zorbax
SB-Cig /- #TAE (250 mm X 4.6 mm, 5 um) AEE %
FEAR AT s Ik R B RE T RAHME R A
BRAF ;s HARRHI A4

AR AR 25070 72 2014 4 8 H SR T Bk
BEE, BB A RIREZER S E N
1EE H Sinacalia tangutica (Maxim.) B. Nord. .
2 ROSESE

Hy AR B AR 2556 > 10.85 kg, VIRiZ) 5em K
B, F 95% ZEEA1E 2 Ji, 95% LRI HEL 2 Ik
(BER 2h), 60%ZLBEFIAFER 2 Ik (KRR 2 h), 15
ZH 244 kg, TN 2 L AR, SRJE KU Sk
FUA M. &, IR QB 1E T AT A0,
A B ZE G 4 (46 @) S RG> (36

0). BERE ZBEREHGER 7> (62,5 9)o HUA T Mk 2 H AT
gy (43 @) ZRERAE IG5, DA i BE-E iR £
(24 011 0 D) BAEEBEML, 15315 MH 7 (Fr.Al~
A5): Fr.A5 (1.5@) &RMilAE ik, LA
k- — &b (10D >HENBENR, 15 28 N4
4y (Fr. al~a28), &7 Fr. a20~a24 (60 mg), 2R
Je it Sephadex LH-20 % J 0 Bt At (il 49 25, LA
TERE-HEE (LD NN, 15 21 AN (Fr
bl~b21), &I Fr.b9~bl16, %747 ik 45 15 5|
&% 1 (20 mg).

B S ReEh sy (33 g) LRERA G,
DLA HBK-BE IR 2l (91 11 & 4) BREEWRmE, 153
7 AN4H4r (Fr. BL~B7): Fr. B1(300 mg) £ Sephadex
LH-20 #i 508 B AT il 4 55, DA G0 o - FH
(11D RN, #4419 M5 (Fr.cl~cl9), &
IF Fr.c9~cll, & S i E 45 e 2k &4 6 (10
mg). Fr. B3 (480 mg) £l %7 HPLC 73 BS4fifk (fk
WHHEE-K 31173 1 7) 34659 8 (30 mg) F
9 (20mg). Fr.B4 (15¢) ARtk E, LA
A RG-SR TS (49 119 1 D) AVEBE, 48
40 M4y (Fr.d1~d40), &If Fr.d5~d7, &
Tk 45 AR BL A 4 (20 mg); A FF Fr. d22~
d24, &4k E 45 A3 254 2(5 mg). Fr. BS
(350 mg) ZAfEAE A5 E, L& H bi-BE R
LG (49 1 159 1 1) RPEB, 15 23 N5 (Fr.
el~e23), &I Fr.el7~e23, &4k E 45 515
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FMLAE 3 (2mg).

HUEE PR LB ACELER 43 (55 @) Zerb At taith 4y
B, DUA TR - R 2T — At T v P e
53 5 M4y (Fr.C1~C5). Fr.C3 (5¢9) &%k
JerE sy es, S Hbe-FEE (99:1-59: 1D —
HEE AR, 19 90 ANy (Fr. f1~f90), &F
Fr. f72~184, ZBSHE LBRELE MR RINEY 7 (28
mg): &3 Fr. fA0~f71 (120 mg), SRJ5 B RERA:
ik, DS T-RERON (47135110 —
e, 15 42 NMH5> (Fro gl~g42), &IF
Fr.g9~g13, H2LAY5 (10mg). Fr.C4 (5g)
R FEeEsE, D &H K-
(47 : 3—43 1 1D >HELRBEIR, 15 21 N5 (Fr.
h1~h21), M\ Fr. h15 1524k &4 14(40 mg); Fr. h12
(700 mg) ZHERA: il 3By, DL S0 - FH
(49 1 1) —>HERBEMMB, 15 30 M5 (Fr.il~
i30), &I Fr.i21~i25, 133]1LE47 13 (300 mg).
Fr. C5 (12 @) &REMGHRE 5, L& H ke-H
B (47 1 3—>1 1) >HERNBENR, 15 63 M5
(Fr. j1~j63), &3F Fr.j6~j12 (2. 9), ZHRELMAH:
i, DTS HE-FEE (24115110 -HER
Ve, 15 81 NH ) (Fr. k1~k81), A 3F Fr. k10~
k22 (430 mg), Z&ERAEEARESE, DL & k-
HEE (47 ©3) >HERBENE, 15 17 N4 (Fr.
ml~ml7), &3f Fr. m8~m9, 75L& 11 (42
mg); & F Fr.j4~j5 (45mg), #RXJ5iEid Sephadex
LH-20 i MR EE R A: i 7 85, DA R B,
15 20 NMAS (Fr. k1~k16), &3f Fr. k12~k13 75
FbAY 12 (16 mg). &I Fr. j13~j19 (1.9 @),
SR 5 T T A i Ay g, DA S -
(24 : 1543 1 D >HELYBEIR, 15 96 NH 5 (Fr.
n1~n96), &7 Fr. nd5~n51 (65 mg), RJ5iET
Sephadex LH-20 % b SR AE i 40 59, DL
Ve, 15 15 N1y (Fr.ol~015), &3 Fr. o9~
011 3 F{LE4 10 (17 mg).
3 Hm%EE

tEY) 1. AfEr e (FEE, mp 185~187 C,
HR-ESI-MS m/z: 191.035 4 [M—H] . 'H-NMR (600
MHz, CD;0D) §: 6.17 (1H, d, J = 9.5 Hz, H-3), 7.81
(1H, d, J = 9.5 Hz, H-4), 7.17 (1H, d, J = 8.6 Hz, H-5),
6.82 (1H, d, J = 8.5 Hz, H-6), 3.92 (3H, s, OCHj):
BC-NMR (150 MHz, CDCl,) 6: 160.1 (C-2), 112.2
(C-3), 144.2 (C-4), 113.1 (C-4a), 123.1 (C-5), 112.0

(C-6), 151.9 (C-7), 133.4 (C-8), 147.0 (C-8a), 61.4
(OCHa). VA_E¥iife 530k iE S A — 5™, Hit%
EWAEY LN T-3RE-8-FEEFT R,

&Y 2. AfE S (FEE, mp 230.5~
232.5 C, HR-ESI-MS m/z: 161.025 8 [M—H] .
'H-NMR (600 MHz, CD;0D) ¢: 6.18 (1H, d, J = 9.5
Hz, H-3), 7.86 (1H, d, J = 9.4 Hz, H-4), 7.46 (1H, d,
J =84 Hz, H-5), 6.79 (1H, dd, J = 8.5, 2.2 Hz, H-6),
6.71 (1H, d, J = 2.2 Hz, H-8). 1b&4 2 fil 1 BRAZ 45
PRI, 54669 1 MEGEXTHL, RIMELED) 2 Gt
b 643.92 (3H, s) 4bHIA (BI 8-OCH3), 3T oy
6.71 (1H, d, J = 2.2 Hz) AbHIE, HAH0 v R,
HEr gt M—H] 2 A 2= 30, @it 7 (7 SCik
IEN R g S AL, SR AY 2 N T-REE
g%

EY 3: Otk (FEE, mp 206~
209 C, HR-ESI-MS m/z: 197.045 6 [M—H] .
'H-NMR (600 MHz, CD;0D) §: 7.33 (2H, s, H-2, 6),
3.89 (6H, s, 3, 5-OCHg). LA b #di 5 SC kAl 8 HE A
—5W, (AW 3 5T HERIE 3RS T HHER
i, R h—8, ke &y 3 8T HR.

WEY 4. ABEKEIRE & (Fh), mp 113~
115 ‘C, HR-ESI-MS m/z: 181.050 6 [M—H] .
'H-NMR (600 MHz, CDCls) d: 9.79 (1H, s, CHO),
7.13 (2H, s, H-2, 6), 6.24 (1H, s, OH), 3.94 (6H, s, 3,
5-OMe). &) 4 5 3 AT, KIMLED 4
BINT 64 9.79 (1H, s) ZMIE (BI CHO), HE4r
PEHE [M—H] S AH 22 16, i A5 [ Scikiaa e
RAEEEUMER, BEWEY 40 4-57H-35-—H
AR

&Y 5: Pk, mp 1563~154 C,
HR-ESI-MS m/z: 137.024 6 [M—H] . "H-NMR (600
MHz, CD;COCDs) 6: 7.35 (2H, m, H-2, 6), 7.00 (1H,
d, J = 8.0 Hz, H-5), 9.78 (1H, s, CHO), 8.76 (2H, brs,
OH). &M 5 5 4 AL, RIMLEY 5
Y 647.00 (1H, d, J=8.0 Hz) ALHIE, BI H-5; &
7 643.94 (6H, s) AbHIE, BI 2 4~-OMe; H 64 7.35
Wbk U, BEEIARIR FARTEAMAE A B
SR [M—H] BdEM 2 44, @i A5 SOk
WO g S BALERR, %A 5 08 3,4- RS
R,

&Y 6: FEHK, mp 117~119 C,
HR-ESI-MS m/z: 121.030 5 [M—H] . 'H-NMR (600
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MHz, CD;0D) 6: 9.87 (1H, s, H-1), 5.68 (1H, s,-OH),
7.81 (2H, d, J = 7.6 Hz, H-2, 6), 6.95 (2H, d, J = 5.9
Hz, H-3,5). tb &4 6 5 5 A ERTEL, 04 7.81, 6.95
YR EAEAERTAL AR Hom i [M—H]
A2 16, WHILAY) 6 5 5 M LA B> 3 A1)
OH; BIL 2 P STk B P R 45 S AR, % 5E
&) 6 X FRIE A HE

G 72 13 R AR 4, mp 225~227 C,
HR-ESI-MS m/z: 179.035 2 [M—H] . 'H-NMR (600
MHz, DMSO-dg) 6: 7.08 (1H, d, J = 3.0 Hz, H-2),
6.77 (1H, d, J = 7.8 Hz, H-5), 6.94 (1H, d, J = 7.4 Hz,
H-6), 7.43 (1H, d, J = 15.8 Hz, H-7), 6.19 (1H, d, J =
15.8 Hz, H-8). {tL&% 7 SUNHERRAE 3 N &% T3t
R, KRN B SE ks P e
R, G 7 HERE .

&Y 8: Btk (HEE, mp 214~
216 ‘C, HR-ESI-MS m/z: 163.040 0 [M—H] .
'H-NMR (600 MHz, CD30D) : 7.41 (2H, d, J = 8.6
Hz, H-2, 6), 6.76 (2H, d, J = 8.1 Hz, H-3, 5), 7.55 (1H,
d, J = 16.0 Hz, H-7), 6.24 (1H, d, J = 15.9 Hz, H-8).
ey 85 7 Xtk, maHEiE [M—H] HdEAH %=
16, Z5&CifREM A Bz, $ELEY 8
N IR R

e 9: iR s (FEE), mp 169~
170 ‘C, HR-ESI-MS m/z: 193.050 8 [M—H] .
'H-NMR (600 MHz, CD;0D) §: 7.13 (1H, s, H-2),
6.76 (1H, d, J = 8.2 Hz, H-5), 7.00 (1H, d, J = 8.2 Hz,
H-6), 7.55 (1H, d, J = 15.8 Hz, H-7), 6.26 (1H, d, J =
15.8 Hz, H-8), 3.84 (3H, s, -OCH). L &4 9 5 8 &
WXL, KA E 9 BN T 64 3.84 (3H, s) Ak
2, BI-OCH3, H ik EAMAHEM, H&o P
W [M—H] BUEAMZE 14, 454 SCifRiE® 5 i
PR, SEEY) 9 MBI .

&Y 10: wEOTELMA, mp 115~
116 ‘C, HR-ESI-MS m/z: 367.103 1 [M—H] .
'"H-NMR (600 MHz, CD50D) §: 2.14~2.20 (2H, m,
H-2), 4.23~4.29 (1H, m, H-3), 4.82 (1H, dd, J = 8.7,
3.0 Hz, H-4), 4.23~4.29 (1H, m, H-5), 2.00~2.05
(2H, m, H-6), 3.74 (3H, s, -OCH3), 6.35 (1H, d, J =
15.9 Hz, H-2"), 7.62 (1H, d, J = 15.9 Hz, H-3"), 7.06
(1H, d, J = 1.9 Hz, H-5"), 6.77 (1H, d, J = 8.2 Hz,
H-8"), 6.95 (1H, dd, J = 8.2, 1.9 Hz, H-9"); *C-NMR
(150 MHz, CD;0D) &: 76.5 (C-1), 42.2 (C-2), 65.7

(C-3), 78.6 (C-4), 69.1 (C-5), 38.5 (C-6), 175.7 (C-7,
C=0), 168.9 (C-1'), 115.2 (C-2), 147.2 (C-3"), 127.9
(C-4'), 115.4 (C-5"), 146.8 (C-6), 149.6 (C-7), 116.5
(C-8"), 123.0 (C-9'), 52.9 (-OCH3),. LA %l 5 ik
RIE A2, R E A 10 9 A-pnE
Tk 2 2 7 R R

&Y 11: REOTERHR AR, mp 167~
168 °‘C, HR-ESI-MS m/z: 367.102 2 [M—H] .
'H-NMR (600 MHz, CD;0D) : 2.19 (1H, d, J = 3.2
Hz, H-2a), 2.13 (1H, dd, J = 8.2, 13.2 Hz, H-2b), 4.14
(1H, m, H-3), 3.74 (1H, dd, J = 3.3, 7.7 Hz, H-4), 5.28
(1H, m, H-5), 2.21 (1H, d, J = 3.2 Hz, H-6a), 2.00
(1H, dd, J = 6.6, 13.5 Hz, H-6b), 3.69 (3H, s, -OCH3),
6.22 (1H, d, J = 15.9 Hz, H-2'), 7.53 (1H, d, J = 15.9
Hz, H-3'), 7.04 (1H, d, J = 1.9 Hz, H-5), 6.78 (1H, d,
J=8.2Hz, H-8), 6.94 (1H, dd, J = 8.2, 1.9 Hz, H-9'),
&Y 11 5 10 MEGEXT L, NZE TR L H-4. H-5
WA BB R, W REZE TR L C4. C5
BAREEAF; HEa Pl [M—H] i —80 4
ESCRIRE R B, % A 11 A 50
P e 7 I R

EY 12: WEGBTLERM A, mp 175~
177 °C, HR-ESI-MS m/z: 381.118 7 [M—H] .
'H-NMR (600 MHz, CD;0D) §: 2.12~2.18 (2H, m,
H-2), 4.16 (1H, m, H-3), 3.73 (1H, dd, J = 3.0, 7.4 Hz,
H-4), 5.28 (1H, m, H-5), 2.22 (1H, dd, J = 13.7, 3.4
Hz, H-6a), 2.00 (1H, dd, J = 13.4, 6.7 Hz, H-6b),
4.09~4.14 (2H, m, H-8), 1.24 (3H, t, J = 7.1 Hz,
H-9), 6.22 (1H, d, J = 15.9 Hz, H-2'), 7.53 (1H, d, J =
15.9 Hz, H-3'), 7.03 (1H, d, J = 1.9 Hz, H-5), 6.78
(1H, d, J = 8.2 Hz, H-8'), 6.94 (1H, dd, J = 8.2, 1.9
Hz, H-9); C-NMR (150 MHz, CD;0D) &: 72.2
(C-1), 37.8 (C-2), 62.6 (C-3), 75.8 (C-4), 70.0 (C-5),
38.0 (C-6), 175.7 (C-7, C = O), 49.9 (C-8), 14.4 (C-9),
168.3 (C-1"), 115.1 (C-2'), 147.2 (C-3'), 127.7 (C-4'),
115.1 (C-5'), 146.9 (C-6'), 146.9 (C-7), 116.6 (C-8'),
123.0 (C-9). bl ¥ 5 cikapoa st A —5 ™), w7
DAY SE b A4 12 O S-INmERE L 25 T IR 2.1 -

&Y 13: REOTLELH AR, mp 132~
134 ‘C, HR-ESI-MS m/z: 529.134 7 [M—H] .
'H-NMR (600 MHz, CD;0D) §: 2.26 (2H, m, H-2),
4.35 (1H, dt, J = 3.2, 6.2 Hz, H-3), 5.09 (1H, dd, J =
8.1, 3.1 Hz, H-4), 5.51 (1H, m, H-5), 2.32 (1H, dd, J =
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13.8, 4.7 Hz, H-6a), 2.08 (1H, dd, J = 13.8, 6.4 Hz,
H-6b), 6.18 (1H, d, J = 15.8 Hz, H-2'), 7.51 (1H, d,
J =15.8 Hz, H-3), 7.01 (1H, d, J = 1.9 Hz, H-5"), 6.74
(1H, s, H-8"), 6.92 (1H, dd, J = 7.9, 1.9 Hz, H-9"), 6.30
(1H, d, J = 15.8 Hz, H-2"), 7.60 (1H, d, J = 15.8 Hz,
H-3"), 7.03 (1H, d, J = 1.9 Hz, H-5"), 6.76 (1H, s,
H-8"), 6.92 (1H, dd, J = 7.9, 1.9 Hz, H-9"), 3.71 (3H,
s, -OCH3); C-NMR (150 MHz, CD;0D) &: 75.0
(C-1), 49.9 (C-2), 68.7 (C-3), 75.9 (C-4), 69.1 (C-5),
38.4 (C-6), 175.2 (C-7, C = 0), 53.2 (-OCHj3), 168.0
(C-17), 114.6 (C-2)), 147.8 (C-3"), 127.6 (C-4"), 115.2
(C-5"), 146.8 (C-6"), 149.7 (C-7"), 116.5 (C-8"), 123.2
(C-9"), 168.5 (C-1"), 114.7 (C-2"), 147.8 (C-3"), 127.7
(C-4"), 1152 (C-5"), 146.8 (C-6"), 149.8 (C-7"),
116.6 (C-8"), 123.2 (C-9"). LA -HuE 5 rlkikiE i
520, R e A A 13 A 4,5- IERE R 4
TR

WEY 14: REOITLELM A, mp 136~
138 ‘C, HR-ESI-MS m/z: 529.135 4 [M—H] .
'H-NMR (600 MHz, CD;0D) §: 2.27 (2H, m, H-2),
5.41~5.46 (1H, m, H-3), 4.04 (1H, m, H-4), 5.41~
5.46 (1H, m, H-5), 2.33 (1H, d, J = 11.2 Hz, H-6a),
2.08 (1H, dd, J =13.6, 7.5 Hz, H-6b), 6.24 (1H, d,
J = 15.9 Hz, H-2"), 7.56 (1H, d, J = 15.8 Hz, H-3"),
7.07 (1H, d, J = 4.7 Hz, H-5"), 6.79 (1H, dd, J = 12.5,
8.2 Hz, H-8"), 6.94 (1H, m, H-9'), 6.34 (1H, d, J =
15.8 Hz, H-2"), 7.62 (1H, d, J = 15.8 Hz, H-3"), 7.07
(1H, d, J = 4.7 Hz, H-5"), 6.79 (1H, dd, J = 12.5, 8.2
Hz, H-8"), 6.94 (1H, m, H-9"), 3.69 (3H, s, -OCH3).
WEY 14 5 13 FiExftk, (X&ET8R E H-3. H-4
WA R B, W RAZE TR E C3. C4
BURIEARTH; Hmr it [M—H] %ol —3, &5
Ak EP R AR, %A 14 9 3,5
P 3 2 R S

SE 3k
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