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Identification of water-soluble phenolic acids from Clerodendranthus spicatus
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Abstract: Objective To investigate the water-soluble phenolic acids from Clerodendranthus spicatus of Dai medicine. Methods
The chemical constituents were separated and purified by D101, Sephadex LH-20, MCI, and preparative HPLC column
chromatographies. Their structures were determined by physicochemical properties and spectral data analyses. Results Sixteen
constituents were isolated and elucidated as protocatechualdehyde (1), protocatechuic acid (2), 3,5-dihydroxybenzaldehyde (3),
4-hydroxybenzoic acid (4), 4-hydroxybenzaldehyde (5), vanillic acid (6), danshensu methyl ester (7), 3,5-O-dimethyl gallic acid (8),
helisterculins A (9), lithospermic acid (10), methyl lithospermate (11), dimethy lithospermate (12), helisterculins B (13), ethyl
dihydrocaffeate (14), ferulic acid (15), and dihydroferulic acid (16). Conclusion Compounds 3, 6—9, and 13—16 are obtained from
Clerodendranthus Kudo for the first time.
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H A 32 AR T RESE YA 7 Lo AT I, TR HK
RIS R DM, R, ARSI R R
F 245 (4 BT X K YE ROy AT T RS,
B ZeH 2y BAR 2 16 DKL 20 5
Y N LIS (protocatechualdehyde, 1). JiJL
ZR IR (protocatechuic acid, 2).3,5- “FEFEARK [ (3,5-
dihydroxybenzaldehyde , 3). XJ #2328 R (4-
hydroxybenzoic acid, 4). XJ ¥ 3K F [ (4-
hydroxybenzaldehyde, 5). 74L& (vanillic acid, 6).
F+2 2 W lE (danshensu methyl ester, 7). 3,5-O-—
& 7R (3,5-O-dimethyl gallic acid, 8).
helisterculins A (9). X%} (lithospermic acid, 10+
TR (methyl lithospermate, 11). 4£%HifK —
FilE (dimethy lithospermate, 12). helisterculins B
(13). —EWMHERR LB Cethyl dihydrocaffeate, 14).
B[ BRAR (ferulic acid, 15). —ZF#L#R (dihydroferulic
acid, 16). LAY 3. 6~9. 13~16 ¥ hE KN
ZJEEY .
1 UERR

Bruker Avance 111 600 A% i S5 (i [EH
Bruker A 7] ); Kromasil 100-5 Cyg 3145 034 (250
mm X 10 mm, 5 um, %4 Kromasil /A ] ); Sephadex
LH-20 %t/ (Pharmacia 22 7]); MCIEUE (HA=
FE AT WA OISR GFase (G BiGHEAL
AT BR A T] D5 W F A A 23 B 9, F e kg (i 4l

JE P T 2010 4F 8 AR T = r A Sl tidk
SRR A7 e & [ 1= 2 B2 e 24 R AT 5 o ¢
W REFHEBBREENFETERE B 'E %%
Clerodendranthus spicatus (Thunb. ) C. Y. Wu T4
AR, BRAR (00695461) LRAF T APTFRASZ
2 RESSE

BT ERA L 15 kg, M, IvkERIE A i
I, JEEMKEE 3 Wk, R, AR, KRAE
RHRER, MACESHRE, §E 240, JEE, &
ATIEWAHR ' 830 go BHHIKWEMR, W8, JEH0L
D101 KRALWHHH IR, LL 30%. 60%. 95% LBt/
4 30% CFEBEMHAL Ay (90 g)\ 60% LEEBE I
Ay (60 2) I 95%LBEGEERAL Ay (10 g)o F3 Xt
Ay F Ay BEBRERA BEAT RGBS . Ay & AH MCI
RO > B, FEE-/K (0 2 100—~100 : 0) BRAEVEML,
3 173 Mo Fr. 22~28 SRk, FIEE-/K
BRI A FFAH [ 453 J5 28 OR e 2800H i 4 i 4y

B, A1 (12mg). 2 (24mg). 3 (7 mg)-.

4 (13mg). 5 (8mg). [, % FikT7ikM Fr. 49
LAY 6 (6 mg). 7 (6 mg); M Fr. 50~62
HIRIFL A 8 (6 mg); M Fr. 63~83 H3k1HLA
Y9 (12mg). 10 (8 mg). 11 (6 mg). 12 (6 mg);
M Fr. 132~145 13154659 13 (6 mg); M Fr.
156~163 HH3RE4L G4 14 (7T mg) . Ay 28 A MCI
FE(O% 43 B9, HIE-7K (80 : 20—100 : 0 KR LN,
33 120 ML, T 52~63 Lk, FEE-
IR FEAH R 2153 i 28 IR vt RGO 1) 2 € i 43
2, A% 15 (Tmg) 116 (6 mg).
3 HFHEE

a1 AR (FED, =&k MVEH
P, ESI-MS m/z: 137 [M—H] . 'H-NMR (600 MHz,
CD;0D) 6: 9.83 (1H, s, -CHO), 7.43 (1H, dd, J = 8.4,
1.8 Hz, H-6), 7.42 (1H, d, J = 1.8 Hz, H-2), 7.04 (1H,
d, J= 8.4 Hz, H-5); “C-NMR (100 MHz, CD;0D) §:
191.2 (-CHO), 152.3 (C-4), 146.4 (C-3), 130.0 (C-1),
125.5 (C-6), 116.1 (C-2), 115.2 (C-5). LA E¥dE 53¢
Bk IE P, Wt A 1 N R LR .

AW 2: TCEEN S CHRED, 5H By N
P, =&AL RNV . ESI-MS m/z: 153 [M—H] .
'H-NMR (600 MHz, DMSO-dg) 6: 7.34 (1H, d, J=
1.8 Hz, H-2), 6.77 (1H, d, J = 7.8 Hz, H-5), 7.29 (1H,
dd, J = 7.8, 1.8 Hz, H-6); “"C-NMR (150 MHz,
DMSO-ds) 0: 167.6 (C-7), 150.1 (C-4), 145.0 (C-3),
122.0 (C-1, 6), 116.7 (C-2), 115.3 (C-5). LA F¥dE 5
SCHRARIE — 20, MRS 2 N FLARIR .

WEW 3: AR CFED, =AM
P, ESI-MS m/z: 137 [M—H] . 'H-NMR (600 MHz,
acetone-dg) 0: 9.88 (1H, s, -CHO), 7.53 (2H, s, H-2,
6), 696 (IH, s, H-4); "“C-NMR (100 MHz,
acetone-dg) o: 192.7 (-CHO), 160.1 (C-3, 5), 139.9
(C-1), 109.4 (C-4), 108.4 (C-2, 6). LA_I- Kk 55 ik
S, WA 3 N 3,5- IR

AW 4 ToEER CFED, TR Ry N
T, ST HEE. ESI-MS m/z: 137 [M—H] .
'H-NMR (600 MHz, DMSO-dq) J: 7.89 (2H, d, J= 8.5
Hz, H-2, 6), 6.84 (2H, d, J = 8.5 Hz, H-3, 5); *C-
NMR (150 MHz, DMSO-dg) d: 170.1 (-COOH), 122.7
(C-1), 133.3 (C-2, 6), 116.0 (C-3, 5), 163.3 (C-4). LA
%t ScwkaE 2, s e e 4 axtiz
FEARFIR

&Y 5: TEEMRY . ESI-MS m/z: 121 [M—
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H] . 'H-NMR (600 MHz, CD;0D) J: 6.82 (2H, d, J =
8.4 Hz, H-3, 5), 7.70 (2H, d, J = 8.4 Hz, H-2, 6), 9.68
(1H, s, -CHO); "C-NMR (150 MHz, CD;OD) &:
192.8 (-CHO), 129.5 (C-1), 133.7 (C-2, 6), 117.6 (C-3,
5), 167.5 (C-4)o LA EXcd 5 Sck i kA — 54
WS E ) 5 SRR P

&Y 6: LA CFED, IRFH %BEH
A N BHTE . ESI-MS m/z: 167 [M—H] .
NMR (600 MHz, DMSO-d¢) 6: 12.20 (1H, brs,
-COOH), 9.85 (1H, brs, -OH), 7.43 (1H, dd, J = 8.4,
2.4 Hz, H-6), 7.42 (1H, brs, H-2), 6.84 (1H, d, J= 8.4
Hz, H-5), 3.80 (3H, s, -OCH3); "C-NMR (150 MHz,
DMSO-dg) 6: 167.3 (-COOH), 151.1 (C-4), 147.3
(C-3), 123.5 (C-6), 121.7 (C-1), 115.1 (C-2), 112.8
(C-5), 55.6 ((OCH3). LA -3 5 3eikap i —2d™,
M e et 6 i HIR .

WAEY 7. oEEH (HEE . ESI-MS m/z: 138
[M—H] . "H-NMR (600 MHz, CD;0D) 6: 6.66 (1H,
brs, H-2), 6.67 (1H, d, J = 7.2 Hz, H-5), 6.53 (1H, brd,
J =172 Hz, H-6), 428 (1H, dd, J = 7.2, 5.4 Hz, H-7),
2.88 (1H, dd, J = 13.8, 5.4 Hz, H-8a), 2.77 (1H, dd,
J = 13.8, 7.2 Hz, H-8b), 3.68 (3H, s, -OCHs):
BC-NMR (75 MHz, CD;OD) d: 129.7 (C-1), 117.3
(C-2), 145.4 (C-3), 144.4 (C-4), 115.7 (C-5), 121.6
(C-6), 40.7 (C-7), 72.7 (C-8), 174.9 (C-9), 51.9
(-OCH3). LA _E¥cdfs b5 Sc ki 2 A — 5, s
EWEY T AP S EFE.

WEY) 8: okl (RIS, WMk v FH
P, S¥ T HWEE. ESI-MS m/zz 197 [M—H] .
'H-NMR (600 MHz, CD0D) &: 7.32 (2H, s, H-2, 6),
3.88 (6H, s, 3, 5-OCH;3); “C-NMR (150 MHz,
CD;0OD) d: 168.9 (-COOH), 147.5 (C-3, 5), 140.3
(C-4), 121.0 (C-1), 107.0 (C-2, 6), 56.8 (2 X -OCHj3).

DA%t 5 ekl — 2, st 8k
3,5-0- - FIEEE TR
wEY 9: ﬁé%%%%ﬁk, AL AR gk

t. ESI-MS m/z: 567 [M—H] . 'H-NMR (600 MHz,
CD;OD) §: 6.74 (1H, brs, H-2), 6.66 (1H, d, J = 7.8
Hz, H-5), 6.62 (1H, d, J = 7.8 Hz, H-6), 3.45 (1H, d,
J= 6.0 Hz, H-7), 3.55 (1H, d, J = 7.2 Hz, H-8), 3.76
(1H, brs, H-2"), 3.71 (1H, s, H-3'), 3.16 (1H, d, J = 6.0
Hz, H-5"), 6.74 (1H, brs, H-6"), 7.35 (1H, d, J = 15.6
Hz, H-7"), 6.14 (1H, d, J = 15.6 Hz, H-8'), 6.69 (1H,

brs, H-2"), 6.67 (1H, d, J = 7.8 Hz, H-5"), 6.56 (1H,
brd, J = 7.8 Hz, H-6"), 3.08 (1H, dd, J= 4.8, 14.4 Hz,
H-7"), 3.00 (1H, dd, J = 8.4, 14.4 Hz, H-7"), 5.22 (1H,
dd, J = 4.8, 8.4 Hz, H-8"); "C-NMR (150 MHz,
CD;OD) §: 133.8 (C-1), 116.6 (C-2), 146.4 (C-3),
145.6 (C-4), 116.7 (C-5), 121.0 (C-6), 50.2 (C-7), 43.8
(C-8), 176.0 (C-9), 141.9 (C-1'), 44.6 (C-2"), 70.7
(C-3"), 209.3 (C-4'), 58.2 (C-5"), 133.8 (C-6"), 143.8
(C-7"), 118.5 (C-8"), 167.9 (C-9"), 128.9 (C-1"), 117.7
(C-2"), 146.4 (C-3"), 145.6 (C-4"), 116.6 (C-5"),
121.9 (C-6"), 38.6 (C-7"), 75.0 (C-8"), 172.1 (C-9").
LKt 5 scmkapiE — 5, st 9 N
helisterculins A .

EY 10: EER AR (FEE . ESI-MS m/z: 537
[M—H] . 'H-NMR (600 MHz, D,0O) &: 6.76 (1H, d,
J = 1.5 Hz, H-2), 6.62 (1H, d, J = 8.4 Hz, H-5), 6.51
(1H, dd, J = 1.6, 8.4 Hz, H-6), 4.86 (1H, dd, J = 4.8,
8.4 Hz, H-8), 2.88 (1H, dd, J = 4.8, 14.4 Hz, H-7a),
2.82 (1H, dd, J = 8.4, 14.4 Hz, H-7b), 6.54 (1H, d, J =
8.4 Hz, H-5"), 6.56 (1H, d, J = 8.4 Hz, H-6"), 7.21 (1H,
d, J=15.6 Hz, H-7'), 5.85 (1H, d, J = 15.6 Hz, H-8"),
6.64 (1H, d, J = 1.2 Hz, H-2"), 6.54 (1H, d, J = 8.4
Hz, H-5"), 6.45 (1H, dd, J = 1.2, 8.4 Hz, H-6"), 5.63
(1H, d, J = 4.8 Hz, H-7"), 3.82 (1H, d, J = 4.8 Hz,
H-8"), 3.68 (3H, s, -OCH;); “C-NMR (150 MHz,
D,0) d: 129.1 (C-1), 117.7 (C-2), 146.5 (C-3), 145.3
(C-4), 116.5 (C-5), 121.7 (C-6), 37.9 (C-7), 74.8
(C-8), 168.9 (C-9), 124.7 (C-1"), 127.3 (C-2"), 147.8
(C-3"), 145.8 (C-4'), 118.5 (C-5), 121.4 (C-6'), 145.1
(C-7), 116.9 (C-8'), 169.1 (C-9), 132.8 (C-1"), 113.5
(C-2"), 146.9 (C-3"), 146.4 (C-4"), 118.6 (C-5"),
116.8 (C-6"), 88.9 (C-7"), 57.4 (C-8"), 175.3 (C-9").
DL %ot 5 SckE A — 8, MO a 10
HEERLR

a1 FEEHR (B . ESI-MS m/z: 551
[M—H] . 'H-NMR (600 MHz, CD;COCD3) ¢: 6.78
(1H, d, J=2.4 Hz, H-2), 6.73 (1H, d, J = 8.4 Hz, H-5),
6.64 (1H, dd, J = 2.4, 8.4 Hz, H-6), 5.13 (1H, dd, J =
4.8, 7.8 Hz, H-8), 3.06 (1H, m, H-7a), 2.99 (1H, m,
H-7b), 6.92 (1H, d, J = 8.4 Hz, H-5"), 7.24 (1H, brd,
J=8.4Hz, H-6"), 7.70 (1H, d, J = 15.6 Hz, H-7'), 6.16
(1H, d, J = 15.6 Hz, H-8'), 6.80 (1H, d, J = 2.4 Hz,
H-2"), 6.74 (1H, d, J = 8.4 Hz, H-5"), 6.70 (1H, dd,
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J=12.4,8.4Hz, H-6"), 5.82 (1H, d, J = 4.8 Hz, H-7"),
4.44 (1H, d, J = 4.8 Hz, H-8"), 3.66 (3H, s, -OCH3);
BC-NMR (150 MHz, CD;COCD;) 6: 128.6 (C-1),
118.2 (C-2), 145.8 (C-3), 144.8 (C-4), 116.1 (C-5),
120.6 (C-6), 37.6 (C-7), 74.1 (C-8), 174.6 (C-9), 124.8
(C-17), 125.9 (C-2'), 148.4 (C-3'), 145.2 (C-4'), 117.4
(C-5"), 121.3 (C-6'), 142.4 (C-7'), 115.6 (C-8), 166.6
(C-9"), 133.2 (C-1"), 112.9 (C-2"), 146.0 (C-3"), 144.6
(C-4"), 116.0 (C-5"), 118.3 (C-6"), 87.5 (C-7"), 57.4
(C-8"), 170.2 (C-9"), 52.5 (-OCH3). LA %di 5 ik
IRIBIEA -5, e A 11 R R

%A% 12: FEEOFK CHEE) . ESI-MS m/z: 565
[M—H] . 'H-NMR (600 MHz, CD;COCD) J: 6.82
(1H, d, J= 2.4 Hz, H-2), 6.72 (1H, d, J = 8.4 Hz, H-5),
6.64 (1H, dd, J = 2.4, 8.4 Hz, H-6), 5.22 (1H, dd, J =
4.8, 12.0 Hz, H-8), 3.00 (1H, m, H-7a), 2.90 (1H, m,
H-7b), 3.68 (3H, s, OCH3), 6.92 (1H, d, J = 8.4 Hz,
H-5"), 7.26 (1H, brd, J = 8.4 Hz, H-6'), 7.72 (1H, d,
J = 15.6 Hz, H-7), 6.30 (1H, d, J = 15.6 Hz, H-8"),
6.82 (1H, d, J = 2.4 Hz, H-2"), 6.74 (1H, d, J = 8.4
Hz, H-5"), 6.70 (1H, dd, J = 2.4, 8.4 Hz, H-6"), 5.97
(1H, d, J = 5.4 Hz, H-7"), 455 (1H, d, J = 5.4 Hz,
H-8"), 3.72 (3H, s, -OCH3); “C-NMR (150 MHz,
CD;COCD;) 8: 128.3 (C-1), 118.4 (C-2), 145.6 (C-3),
144.7 (C-4), 115.3 (C-5), 121.5 (C-6), 37.3 (C-7), 73.6
(C-8), 172.1 (C-9), 124.2 (C-1'), 126.7 (C-2'), 148.3
(C-3"), 146.5 (C-4"), 117.3 (C-5"), 121.6 (C-6'), 142.7
(C-7"), 115.6 (C-8'), 166.4 (C-9"), 132.6 (C-1"), 113.5
(C-2"), 1457 (C-3"), 1443 (C-4"), 116.2 (C-5"),
118.2 (C-6"), 87.8 (C-7"), 56.8 (C-8"), 170.1 (C-9"),
52.6 (2X-OCHs). VA3l 5 Scikapia A —5d™,
WO AT 12 g5 T g

AW 13: ST TR 3|<, R T
. ESI-MS m/z: 747 [M—H] . 'H-NMR (600 MHz,
CD;0D) 6: 6.74 (1H, brs, H-2), 6.68 (1H, d, J = 7.8
Hz, H-5), 6.62 (1H, d, J = 7.8 Hz, H-6), 3.16 (1H, s,
H-7), 3.56 (1H, brs, H-8), 3.76 (1H, brs, H-2"), 3.70
(1H, s, H-3"), 3.06 (1H, d, J = 6.0 Hz, H-5"), 6.68 (1H,
d, J = 6.0 Hz, H-6'), 7.31 (1H, d, J = 15.6 Hz, H-7"),
6.17 (1H, d, J = 15.6 Hz, H-8'), 6.72 (1H, brs, H-2"),
6.69 (1H, d, J = 7.8 Hz, H-5"), 6.38 (1H, brd, J = 7.8
Hz, H-6"), 2.86 (1H, dd, J = 8.4, 14.4 Hz, H-7"), 2.99
(1H, dd, J= 4.8, 14.4 Hz, H-7"), 5.21 (1H, dd, J = 4.8,

8.4 Hz, H-8"), 6.56 (1H, brs, H-2"""), 6.59 (1H, d, J =
7.8 Hz, H-5""), 6.56 (1H, brd, J = 7.8 Hz, H-6""), 2.86
(1H, dd, J = 8.4, 14.4 Hz, H-7"), 3.00 (1H, dd, J =
4.8, 14.4 Hz, H-7"), 5.07 (1H, dd, J = 4.8, 8.4 Hz,
H-8"); "C-NMR (150 MHz, CD;0D) 6: 133.8 (C-1),
116.7 (C-2), 146.3 (C-3), 145.4 (C-4), 116.7 (C-5),
121.1 (C-6), 50.3 (C-7), 43.8 (C-8), 175.2 (C-9), 142.0
(C-1"), 44.6 (C-2"), 70.8 (C-3'), 209.3 (C-4"), 58.2
(C-5"), 136.8 (C-6'), 143.8 (C-7"), 119.5 (C-8'), 168.0
(C-9"), 129.2 (C-1"), 117.7 (C-2"), 146.3 (C-3"), 145.3
(C-4"), 116.6 (C-5"), 122.0 (C-6"), 38.3 (C-7"), 75.4
(C-8"), 172.2 (C-9"), 129.4 (C-1"), 117.7 (C-2""),
146.3 (C-3"), 1453 (C-4"), 116.6 (C-5""), 122.0
(C-6""), 38.0 (C-7""), 75.4 (C-8""), 171.6 (C-9""). VA L
o 5 scikkoE — 8, MR A 13 N
helisterculins B.

E) 14: wOMpRY (R, =SSR
S0, ESI-MS m/z: 209 [M—H] . 'H-NMR (600
MHz, CD;0D) ¢: 6.63 (1H, d, J = 1.8 Hz, H-2), 6.67
(1H, d, J = 7.8 Hz, H-5), 6.51 (1H, dd, J= 7.8, 1.8 Hz,
H-6), 4.09 (2H, dd, J= 7.0, 6.5 Hz, -CH,), 2.75 (2H, t,
J =12 Hz, H-7), 2.53 (2H, t, J = 7.2 Hz, H-8), 1.22
(3H, s, -CH3); "“C-NMR (125 MHz, CD;0D) ¢: 175.5
(C-9), 146.0 (C-3), 145.0 (C-4), 129.8 (C-1), 121.9
(C-6), 117.7 (C-2), 116.2 (C-5), 73.4 (C-8), 61.9
(-OCH,-), 41.2 (C-7), 14.4 (-CH3). LA %0 5 SCk
B, MO 14 9 AR 21

a5 Bk R (PR, RT 5 %BEH
AR RS . ESI-MS m/z: 193 [M—H]
NMR (600 MHz, CDCl;) 6: 7.06 (1H, d, J = 2.4 Hz,
H-2), 6.93 (1H, d, J = 8.4 Hz, H-5), 7.04 (1H, dd, J =
8.4, 2.4 Hz, H-6), 7.55 (1H, d, J = 15.6 Hz, H-7), 6.27
(1H, d, J = 15.6 Hz, H-8), 3.88 (3H, s, -OCH3);
BC-NMR (75 MHz, CDCly) d: 126.6 (C-1), 114.7
(C-2), 148.3 (C-3), 147.0 (C-4), 1143 (C-5), 123.5
(C-6), 146.8 (C-7), 109.4 (C-8), 168.8 (C-9), 55.8
(-OCH3). DA F¥ds 5 scmjios SEA —8"7,
SEALA Y 15 BT .

&Y 16: Ak AR (FEE, =&k D%
gt WP EYSEIHYE. ESI-MS m/z: 195 [M—H] .
'H NMR (600 MHz, CD;0D) 8: 6.65 (1H, d, J = 1.8
Hz, H-2), 6.68 (1H, d, J = 7.8 Hz, H-5), 6.54 (1H, dd,
J =18, 1.8 Hz, H-6), 2.75 (2H, t, J = 7.2 Hz, H-7),
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2.53 (2H, t, J = 7.2 Hz, H-8), 3.87 (3H, s, -OCH3);
BC-NMR (125 MHz, CD;OD) &: 177.0 (-COOH),
148.6 (C-4), 145.6 (C-5), 133.5 (C-3), 121.4 (C-6),
115.9 (C-2), 112.8 (C-1), 37.2 (C-8), 31.7 (C-7), 57.5
(-OCH3). LA -¥¥fs 5 semkdios — 8", sdei
EW) 16 K A PIELE .
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