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 ZE: BW ALK Callicarpa rubella $M (1 ZE A2 B RIARIMLRE M. FiE R 2P @il iEx 4058 5%
e E A AT R G5 B AliAb, 18 IR T 0 B X-FR S T 5 SR 00 45 1 R 58 58 A G 45 44« LUIR 228 (lipopolysaccharide,
LPS) #HSFH/NREVEAIE RAW264.7 FFLRIEEL, %54 6 MM ZE R BN Zws BT R EE . 2R N4
HER A M BEET AL AEE R 2 BR S0 AL L 50 S48 3 20 RS REW, 73 4858 4 kolavic acid-15-metyl ester (1), rubellapene A
(2). rubellapene B (3). rubellapene C (4). 13,14,15,16-PUFERk-3-70%'-12,18- "W (5D XFWLRIFIAKE-8(14),15--19-%
g (6> dichrocephnoids C (7). 15-%H Y H-8(20)12E-—/fi-14-FEE-19-218 (8). 8S-kolavic acid 15-methyl ester (9).
FErFFERR (10D melanocane B (11)+ dodovislactones B (12). tinotufolin B (13)+ amphiacric acid A (14). patagonic acid (15)-
(+)-15-methoxyfloridolide A (16). FH - iEhg IKREJEIR (17). 15-F835-16-FRHEE-15,16H-E e IKEJEIR (18). (-)-Iil-5
%'-3,13-Mi-16-§25-15,18- —FRR-15,16- AT (19). polylauioid J (20). £5i& HIREILAY 1 FI5E X SFERATH kL
MEEE. (EW 5. T~14. 16~20 AE RMNERBEHEW T3 E, HRUEYNE RNLEHR D EET], FEWS i
A e — 3R o 3 MAMIIIIE TSR, 6 A i AL S RERE A LPS RN /N B RAW264.7 ELGR4H I
NO K50, Hrh&Y 1 40 NO Be i, HEN C-13 AL XU A EA R T4 A 205 M.
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Diterpenoids of Callicarpa rubella and their anti-inflammatory activity
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Abstract: Objective To study the diterpenoids of branches and leaves of Callicarpa rubella and their anti-inflammatory activity in
vitro. Methods The diterpenoids of C. rubella were systematically isolated and purified by various chromatographic methods. The
structures of diterpenoids were identified by nuclear magnetic resonance (NMR), mass spectrometry (MS) and X-single crystal
diffraction methods. A total of six diterpenoids with distinct structural differences were selected to evaluate the anti-inflammatory
activity by means of exploring lipopolysaccharide (LPS)-induced mouse macrophage RAW264.7 cells. Results A total of tweenty
diterpenoids were isolated from the petroleum ether and ethyl acetate parts of C. rubella, and their structures were identified as
follows: kolavic acid-15-metyl ester (1), rubellapene A (2), rubellapene B (3), rubellapene C (4),
13,14,15,16-tertranor-3-clerodene-12,18-dioic acid (5), ent-isopimar-8(14),15-dien-19-oic acid (6), dichrocephnoids C (7),
15-norlabda-8(20)12E-diene-14-carboxaldehyde-19-oic acid (8), 8S-kolavic acid 15-methyl ester (9), glutinic acid (10), melanocane
B (11), dodovislactones B (12), tinotufolin B (13), amphiacric acid A (14), patagonic acid (15), (+)-15-methoxyfloridolide A (16),
nor-hardwicknc acid (17), 15-hydroxy-16-oxo-15,16H-hardwickiic acid (18), (—)-cis-cleroda-3,13-dien-16-hydroxy-15,18-dioic
acid-15,16-olide (19), polylauioid J (20). Conclusion The single crystal X-ray diffraction data of compound 1 was obtained for the
first time. Compound S, 7—14, and 16—20 were isolated from the genus of Callicarpa for the first time, and the others were isolated
for the first time from C. rubella. The structures were mainly clerodane and labdane type. /n vitro anti-inflammatory activity

experiments showed that six diterpenoids could inhibit NO secretion in mouse RAW264.7 macrophages stimulated by LPS, among
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which compound 1 exhibited the strongest inhibiting activity of NO secrection. It was speculated that the presence of double bond at

C-13 position was beneficial for enhancing anti-inflammatory activity.

Key words: Callicarpa rubella Lindl.; diterpenoid; clerodane; labdane; anti-inflammatory activity; X-ray single crystal diffraction;
13,14,15,16-tertranor-3-clerodene-12,18-dioic acid; ent-isopimar-8(14),15-dien-19-oic acid

LERJE Callicarpa Linn. fHYIR T 5 #F R}
(Verbenaceae), ¥KAH 190 ZFh, 7EIRELH 30
FRfEZG . ZB MR W, B
T WD, TR ST BRANME .
W AR FK KA . STERBIE TR R, 2K
TR Ol H R R R R h & &
F5, HPhwi ey z@iy b — R EE
PERr, EEESARER . A =aE0. Hanix)E
Y C 8 5E I i RS 200 AT, Eor
WEWLIR T REFRIHT R AT S5 S 1S

2Lk Callicarpa rubella Lindl. N I ¥R L 28
BREEA, XARNOKIR, 2T, £E55)
ARLES PG ) AAIVL PG S, 24 A0 A R .
(R 2 KT VIO FRAT 25 TR A 8 T I 1 I R 2V
RS, BAHIR. (eRem AN S 25 2R,
Z H TR RIBFE . T H 0 S &R RE . 40
RHAE NI B X R H P2, BB BO iz A8 )
IR FEEcD, BAT R B RN A5

AR UR RN 2L B BR AL 1 F RS D AT R 5
SrEAif, B3 20 NEERAEY, SREEN
kolavic acid-15-metyl ester (1), rubellapene A (2).
rubellapene B (3). rubellapene C (4). 13,14,15,16-
VUPERK-3- 30 %' -12,18- "R IR (13,14,15,16-tertranor-
3-clerodene-12,18-dioic acid, 5). XMWt 7 bi-
8(14),15-4-19-32 W% [ent-isopimar-8(14),15-dien-19-
oic acid, 6]. dichrocephnoids C (7). 15-ZHI3
H -8(20)12E- — J# -14- I % -19- 32 X [15-norlabda-
8(20)12E-diene-14-carboxaldehyde-19-oic acid, 8].
8S-kolavic acid 15-methyl ester (9). ¥k M 3t B2
10 ) . melanocane B (11 ) .
dodovislactones B(12). tinotufolin B(13).amphiacric
acid A (14). patagonic acid (15). (+)-15-
methoxyfloridolide A (16). 2% H1Jk-72 Jighs [R5 & IR
(nor-hardwicknc acid, 17+ 15-¥23&-16-$i5-15,16 H-
e e W IR E )8 B ( 15-hydroxy-16-ox0-15,16H-
hardwickiic acid, 18). (-)-Iliz-72 % -3,13-/-16-%
H-15,18- ~ R L -15,16- N i§ [(-)-cis-cleroda-3,13-
dien-16-hydroxy-15,18-dioic acid-15,16-olide, 19].

( glutinic acid ,

polylauioid J (20). Hr, L&Y 5. 7~14. 16~
20 HERMNEBREEY T, KRS AE R
ML B 7 B AR 2] RSN R IEPESLIR R, 6
A G 72 e B il 2R AL G eI LA i 2
(lipopolysaccharide, LPS) 5 S /N RAW264.7
BRI NO 170, LAY 1 4] NO 7 ihfg
J1E

1 MR

AVANCE-400 4 400MHz #Z AR (f [ Af
E LA 3 A ] D Triple TOF 5600+ 73 K i
A (3£ AB Sciex A 7] ); LC-20AT B =y 808
AR (HARBEERAFD; LC-100 ALY 4
R OB AR i A (BRI A TR A FD;
Multiskan FC F§##1X (3£ [EH Thermo A 7)) . Kromasil
100-5 Cis FEF &R AR (250 mmX 4.6 mm, 5
um); AEERERER (100~200. 200~300 H, 7 &
PEAL THBRA); Sephadex LH 20 B (o it Rl (i
# GE Healthcare A#]); ODS ikl (HA YMC
ANF]D; MTT MEMEEE (3£ Sigma AF]); HWZEKFA
XTHE S LPS CRIEERADRHAIRAFD; NO it
A& (BEEEREVEAREGRAFD: NERPEZE
WEZNH (RAW264.7, HEFRRRE FEgnpfE) .

SZI6 T LR BRARES T 2019 W HE T
BN, G N R 25K 0 R R R 4 e
FRMRER B LB C. rubella Lindl. fHh I3
g5, WA (20190419) 7T T A EE 2K 2EH 2
R RIR T
2 ik
21 RESE

TR BRI (10 kg) #3RE, 120 L HEEE
JEFREL 3 K, FRBURIR IR S5 ERE (1.2kg).
REMKER, WRIKHAMmE (3x4 L), BER LR
(3x4 L), IETEE (3%4 L) #HATHE, ZEEI
FE IR 4515 247 B AL (290 @)« BEER 2 B8 B A7 (150
g). IETEEERAL (350 g) FI/KFERAL (320 g)o

BEIR CEEERAL (150 g) LRERRFE I, A7 k-
BEER B8 (1200 : 1) e, 1555 Misr4 Fr.
A~E. Fr. A % Sephadex LH-20 ¥ A (i 4 5,
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AR -REE (201D BB, 153 3 AN Fr.
A-1~A-3. Fr. A3 4 ODS M i, HEE-/K
(30%—100%) Pelifa, LBELHERLEY 13
(631.4 mg). Fr. B % Sephadex LH-20 BEfHF:E, &
FpE-FEE (10 D Pefii, 1530 2 ANAsr4 Fr. B-1~
B-2. Fr. B-1 H45 513267 1 (1.5 g). Fr. B2
B MERIMLEY 14 (1.5 g). Fr.C ZRERFEG
B, A S (20 150 0 1) Bk, B34
AT Fr. C-1~C-4. Fr. C-2 40k (FIE-
K 70 1 30) BELEM 15 (6.4 mg). Fr. D &REK
FEEGE, AmE- & (40150 0 D Yeii, 5
B 2 M4 Fr. D-1~D-2. Fr. D-1 £ Sephadex
LH-20 BEEAE 3, —&Hbe-FEE (101D B,
53] 2 ANAAr A Fr. D-1-1~D-1-2. Fr. D-1-1 &4 %
WA CFHEE-0.1% %R 60 © 40) HEULEY 16 (10
mg). Fr. D-1-2 2| 2 VAH CHEZ-0.1% F R 60 : 40)
A2EY17(17.7 mg) . Fr. D-2 4 Sephadex LH-20
BERAE R, M -EEE (10D BEM, 7532
M Fr. D-2-1~D-2-2. Fr. D-2-1 & [ 43 ODS
K, HEE-K (30%—100%) e, FHLH| &
I CHEE-0.1% F R 60 @ 40) 15E{LAEY) 4 (4.9 mg)
118 (12.7 mg). Fr. D-2-2 £ ODS F:ffifh, HfE-
K (30%—100%) e, 433 2 MAt5> Fr. D-2-2-1~
D-2-2-2. Fr. D-2-2-2 &l % VA CHE-0.1% H /K
60 : 40) A 19 (352 mg).

FMBEERAL (290 g) ZRERH: (i, A7 k-
BEER 2,05 (12 0—0 1) P, 5314 M4 Fr.
A~D. Fr. A &t ODS i, HEE-/K
(60%—100%) Yefii, 1931 3 A4 Fr. A-1~A-3.
Fr. A-1 &Ml &0 (FRE-0.1% 1R 60 : 40) 153
th&Y 5 (4.1 mg). Fr. A-3 LELEMEFIMLEY 6
(36.8 mg). Fr. B4 Sephadex LH-20 JtfA: (i,
LR Ge-HEE (10 D e, 53 2 Misad
Fr. B-1~B-2. Fr. B2 & IEARERAE LS, DA
TR (8101 1) VM, 1832 M4 Fr.
B-2-1~B-2-2, Fr. B-2-1 &l &AM (HFEE-0.1%H
fR/K 75 1 25) REMLAEY 2 (47.7 mg). Fr. B-2-2
2 )2 fH ODS M, DIFEE-/K (60%—100%) ¥
i, 5% 2 MRS 4 Fr. B-2-2-1~B-2-2-2. Fr.
B-2-2-1 4l #-AH CHEE-0.1% FH 2 80 & 200 15
&7 (18 mg) A8 (24.8 mg). Fr. B-2-2-2 4
2R A 9 (907.5 mg) . Fr. C 4 Sephadex
LH-20 A tail, DI & G- HEE (10 1) ¥/,

55 2 NMALSy Fr. C-1~C-2. Fr. C-1 L E 455155
&% 10 (45.3 mg). Fr. C-2 44 ODS H:th i,
PLHFEE-ZK (40%—100%) Ve, FREEH] &
BE-0.1% TR 70 © 300 15214654 3 (9.9 mg). Fr.D
2% Sephadex LH-20 #Ef A (4 3% , — & H fe-H R (1
1) ¥efii, 5352 MRS 4 Fr. D-1~D-2. Fr.D-14
S AH ODS #E i, HEE-/K (40%—100%) FEh,
FAHIEWAH CFEE-0.1%F R 75 25) BEika
Y11 (13.2 mg). Fr. D-2 &4 ODS #:aif, H
FE-7K (30%—100%) ¥Elli, 53] 2 M4 Fr.
D-2-1~D-2-2, Fr. D-2-1 &l %A CHEE-0.1%
g 65 : 35) 13ELAY 20 (10.3 mg). Fr. D-2-2 4
FI A B CHEE-0.1%F R /K 70 © 300 53k
Y12 (22 mg).
2.2 IMRTEMMR
2.2.1  MTT A 25905 RAW264.7 21 i 34 58 1) 52
M DMEM 15752 A\ RAW264.7 41 i & T 41 i
Bi 748 (37 C. 5% CO2) s BVRARIRFT I TE 5 LA
B9 24 h JEECNECERKIAGE, THEOT BRI
FER2X105AmL, 4L 100 pL 50T 96 FLA, #
BXTHRA (AR BT 2 (104 50 pmol/L
HUFERIATEIRD FISEERAH (100, 50, 25, 12.5. 6.25.
3.125 pmol/L A, 4 3 NMEFL, HiFE24h
J&, I\ MTT %W (5 mg/mL), 4¥4ER9% 4h, 2
LA, A 150 uL DMSO, RHBEFFRIX T 490 nm
AR S (4D {8, RS,
2.2.2  Griess LG Z59% RAW264.7 41 NO 4
WAKFRIsZm BON AR KA, RS A ok
N 2X105A/mL, HFL 100 L #FF 96 FLA, 1%
I 24 h EAMMNGEE . 43 BT IEZE . BRI, FH
PEXT IR ANSZIGA, AR 3 ANEIL, AHE “2.2.17
i, 8 2 h a4 s LPS (1 pg/mL),
B 9% 24 ho HU 50 pL 4iMf FiEW, I\ 50 uL Griess
Reagent I, M 10 min JG I 50 uL Griess Reagent
I, 4642 10 mine KHEEFR T 540 nm ALl
AMH, M5 NO BilE.
3 ZEEE

tEY 1. Atgdsd (HEE-/K), mp 114.6~
116.4 ‘C; HR-ESI-MS m/z 347.230 1 [M—H]" Git
HAH 347.230 1, C21H3104) 25 173 F 3N Co1H32043
'H-NMR (400 MHz, CDCl3) §: 6.80 (1H, d, J = 3.9
Hz, H-3), 1.56 (1H, m, H-8), 1.62 (1H, d, J = 5.4 Hz,
H-10), 5.68 (1H, s, H-14), 2.17 (3H, s, H-16), 0.77
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(3H, d, J = 7.3 Hz, H-17), 1.23 (3H, s, H-19), 0.81
(3H, s, H-20), 3.68 (3H, s, H-21). BRiGEE W& 1.
DL ESHE 5 SR ROE B AR — 2, W a1
A kolavic acid-15-metyl ester.

N T BB 2R AR, RS

I oe- F B RO TR ARAS B, XSS REAT Xoray R
AT ING,  ASR SRS B, 2 DR
& [H 8 My oAb ik % B4l o ( Cambridge
Crystallographic Data Centre, CCDC), KETH
2205217, FHAHEREILIE 1.

F1 KA 1~10 &) *C-NMR ¥ii
Table 1 '3C-NMR data of compounds 1—10

TRAL 1 2 3 4 5 6 7 8 9 10
1 16.8 252 16.9 26.5 39.0 38.4 16.9 39.4 17.5 18.6
2 28.7 20.1 24.4 75.0 37.3 18.2 24.4 19.9 27.6 27.7
3 142.4 36.6 141.8 134.0 24.9 37.1 142.1 38.4 140.2 138.0
4 137.7 47.6 138.0 146.5 34.1 474 137.8 443 141.5 142.9
5 40.4 131.7 39.9 40.9 38.0 48.9 40.1 55.9 38.9 38.3
6 36.3 27.7 36.9 38.0 139.8 25.0 28.2 25.8 37.7 36.6
7 24.5 26.9 28.7 29.5 139.8 35.6 32.8 37.9 273 28.0
8 37.9 33.7 38.1 38.4 29.7 136.7 28.0 147.7 35.9 36.9
9 36.3 41.1 36.4 37.9 18.2 50.7 26.4 56.2 36.6 39.5
10 455 136.0 457 49.9 46.6 37.8 455 40.4 46.8 475
11 36.9 34.3 31.5 35.9 41.1 18.7 36.9 24.6 36.4 37.4
12 34.6 35.9 37.7 22.8 16.2 34.5 28.6 156.3 34.7 35.0
13 161.6 161.6 209.7 175.1 17.4 37.5 173.1 139.0 161.4 161.7
14 115.0 114.8 30.2 115.0 33.8 129.2 16.0 195.4 115.1 116.1
15 173.2 167.4 16.0 75.0 171.9 149.0 174.9 9.52 167.3 168.0
16 19.3 19.2 173.6 177.1 178.5 110.3 17.8 108.0 18.4 168.5
17 16.0 16.1 33.5 16.4 26.1 33.5 183.7 16.0 20.9
18 167.4 24.4 17.9 175.0 16.9 51.7 12.9 171.8 16.2
19 18.1 184.1 34.7 185.6 29.1 19.3 18.8
20 33.5 20.9 19.4 15.3 20.6 18.1
21 50.8 50.9 56.5 50.9 12.0

1~3. 6~9 UiREN). 4. 5 GARTED F110 GRARTERD.
1—3, 6—9 (CDCl), 4,5 (MeOD) and 10 (Acetone-d).

&1

HEM 1K X-5H 8 REHE

Fig.1 X-ray single crystallographic structure of compound 1
AL XS ZRAT S SR ) B SR SRS 1B S )

TN CaHO4; X7 FRIE N 348.46; T=

2932)K: BHAMIAERTT MR, AR P21212:;

i S H: a=7.427 60(10) nm, h=17.135 2(2) nm,

c=31.478 5(4) nm, a=90°, =90°, y=90°, Ml
AL V=4 006.38(9) nm*; &N T Z=8; it
HEE peae=1.155 g/em?; £=0.624 mm™'; F(000) =
1 520.0; Radiation=CuKa (1=1.541 78); Flack
parameter=0.1(6); Hooft parameter=0.06(11)
&Y 2. BER, ST & AR
HR-ESI-MS m/z 371.218 8 [M+ Na]* (it & 18
371.218 8, C2H30sNa) 25 H 5 F3 CaH304;
'H-NMR (400 MHz, CDCl;) §: 1.79 (1H, m, H-1a),
2.07 (1H, m, H-1b), 1.62 (2H, m, H-2), 1.48 (1H, m,
H-3a), 2.07 (1H, m, H-3b), 1.79 (1H, m, H-6a), 2.07
(1H, m, H-6b), 1.48 (2H, m, H-7), 1.62 (1H, m, H-8),
1.48 (2H, m, H-11), 1.79 (1H, m, H-12a), 2.07 (1H, m,
H-12b), 5.65 (1H, s, H-14), 2.16 (3H, s, H-16), 0.86
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(3H, d, J = 6.7 Hz, H-17), 1.27 (3H, s, H-18), 0.88
(3H, s, H-20), 3.68 (3H, s, H-21). BiEHdE W% 1. LA
EE SO A, MR AY) 2 N
rubellapene A

WEY 3: TEERY, ST & A
i%; HR-ESI-MS m/z 291.196 3 [M—H] (it#14
291.196 3, CisH»03) 5 437N CisHosOs;
'H-NMR (400 MHz, CDCl;) d: 1.79 (1H, m, H-1a),
1.99 (1H, m, H-1b), 2.31 (2H, m, H-2), 6.75 (1H, s,
H-3), 1.07 (1H, m, H-6a), 2.71 (1H, d, J = 12.8 Hz,
H-6b), 1.07 (1H, m, H-7a), 1.26 (1H, m, H-7b), 1.35
(1H, m, H-8), 1.26(1H, m, H-10), (IH, m, H-11a),
(1H, m, H-11b), 2.31 (2H, m, H-12), 2.17 (3H, s,
H-14),0.74 (3H, d, J = 6.7 Hz, H-15), 1.21 (3H, s,
H-17), 0.79 (3H, s, H-18). BRI W& 1. LA EEL
W5 CRGE A — W, MEEhEY 3 A
rubellapene B.

WEY 4. LEMRY, HiET &P
%, HR-ESI-MS m/z 361.201 5 [M—H] Gi+51H
361.201 5, CaH20s) 45t 7313 C21H300s; 'H-
NMR (400 MHz, MeOD) 6: 6.41 (1H, s, H-3), 5.92
(1H, s, H-14), 490 (2H, d, J = 1.8 Hz, H-15 ), 4.16
(1H, m, H-2), 3.41 (3H, s, H-21), 2.55 (1H, m, H-6),
2.34 (3H, m, H-1), 2.02 (1H, m, H-1), 1.79 (1H, m,
H-11), 1.69 (1H, m, H-10), 1.58 (2H, m, H-10, 11),
1.37 (3H, s, H-19), 1.24 (2H, m, H-6, 7), 0.82 (3H, d,
J=6.7Hz, H-17), 0.81 (3H, s, H-20). B4 W3
1o DA B3RS S CioE B A — 30, M e &)
4 7/ rubellapene C.

a5 BER, ST & AR
HR-ESI-MS m/z 281.167 5 [M~+H] (i 51# 281.167 5,
CisH2s04) Z5H T3 0N CigH2404; 'H-NMR (400
MHz, MeOD) 6: 1.84 (1H, m, H-2), 1.43 (2H, m,
H-3), 1.10 (1H, m, H-4a), 2.04 (1H, m, H-4b), 6.54
(1H, d, J = 3.9 Hz, H-7), 2.16 (2H, m, H-8), 1.32 (1H,
m, H-9a), 1.84 (1H, m, H-9b), 1.58 (1H, m, H-10),
2.33 (1H, d, J = 13.0 Hz, H-11a), 2.65 (1H, d, J= 13.0
Hz, H-11b), 0.82 (3H, s, H-12), 0.77 (3H, d, J = 6.9
Hz, H-13), 1.22 (3H, s, H-14). BRISHHE LE 1. LA
FERE S SRR IE A B, WS R A S AN
13,14,15,16-PY F#H5-3-55 2 -12,18- R

e 6: B KR, HET = T,
HR-ESI-MS m/z 325224 1 [M+Na]* (it &4

325.224 1, CaH300:Na) %5 Hi4r T3 A CaoH3000;
'H-NMR (400 MHz, CDCl;) §: 1.14 (1H, m, H-1a),
1.77 (1H, m, H-1b), 1.58 (1H, m, H-2a), 1.57 (1H, m,
H-2b), 1.79 (1H, m, H-3a), 1.67 (1H, d, J = 1.2 Hz,
H-3b), 1.92 (1H, dd, J = 2.6, 12.4 Hz, H-5), 1.47 (1H,
m, H-6a), 1.28 (1H, m, H-6b), 2.22 (1H, ddd, J = 2.1,
4.9, 14.3 Hz, H-7a), 2.12 (1H, dt, J = 5.7, 13.5 Hz,
H-7b), 1.81 (1H, m, H-9), 1.58 (1H, m, H-11a), 1.57
(1H, m, H-11b), 1.44 (1H, m, H-12a), 1.38 (1H, m,
H-12b), 5.22 (1H, brs, H-14), 5.77 (1H, dd, J = 10.6,
17.4 Hz, H-15), 490 (2H, m, H-16), 1.04 (3H, s,
H-17), 1.21 (3H, s, H-18), 0.84 (3H, s, H-20). BRiL%k
WL 1. DL EEIRS CIRIRIE AR — 28], s
TEAL W) 6 XTI IFAA i -8(14),15-Mi-19-FR 1 -

WE 1. BER, ST & AR
HR-ESI-MS m/z 307.190 8 [M—H]~ (1518 307.190 8,
CisH2704) 25 H 5338 CisHasOs; 'H-NMR (400
MHz, CDCIs) 6: 1.95 (1H, m, H-1a), 1.82 (1H, m,
H-1b), 2.35 (1H, m, H-2a), 2.21 (1H, m, H-2b), 6.77
(1H, brs, H-3), 1.36 (1H, m, H-8), 1.29 (1H, dd, J =
12.0, 2.0 Hz, H-10), 0.77 (3H, d, J = 6.7 Hz, H-14),
0.80 (3H, s, H-16), 1.22 (3H, s, H-17), 3.67 (3H, s,
H-18). BRIEHWE W 1. UL EEIE 5 CRikiE A
— 0L, e A 7 M dichrocephnoids Co

&Y 8: wEEaRY), HiET & W
HR-ESI-MS m/z 305218 1 [M—+H]" (G54 305.218 1,
CioH2003) #5733 CioHasO3; 'H-NMR (400
MHz, CDCls) 6: 1.92 (1H, s, H-9), 6.43 (1H, brt, J =
6.5 Hz, H-12), 9.33 (1H, s, H-14), 1.75 (3H, s, H-15),
1.25 (3H, s, H-18), 0.68 (3H, s, H-19). Bl ¥ 0. %
1o DL 5 sCipdo s A —s00), M e ey 8
N 15-25 L [ -8(20) 1 2E- —fi5-14- I -19- 321 «

&Y 9: REEHRY, ST & B
FIEE, HR-ESI-MS m/z 349.230 1 [M+H]* ({1514
349.230 1, CyH304) 45 H 43 TN CuH304;
'H-NMR (400 MHz, CDCl3) §: 6.83 (1H, dd, J = 2.8,
4.7 Hz, H-3), 1.46 (1H, m, H-8), 5.65 (1H, s, H-14),
2.16 (3H, brs, H-16), 0.81 (3H, d, J = 5.7 Hz, H-17),
0.75 (3H, s, H-19), 1.24 (3H, s, H-20), 3.68 (3H, s,
H-21). B BdE Ik 1. DL BB 5 CiiRiE s A
— 0, WA 9 N 8S-kolavic acid 15-
methyl ester.

WEw 10 AR, S+ HEATEIE
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HR-ESI-MS m/z 335.203 5 [M~+H]* (15715 335.203 5,
C20H3104) 25 H 733N CaoH300s; 'H-NMR (400
MHz, Acetone-ds) 0: 6.70 (1H, t, J = 3.4 Hz, H-3),
5.70 (1H, s, H-14), 1.25 (3H, s, H-17), 0.83 (3H, d, J =
6.3 Hz, H-18), 0.77 (3H, s, H-19), 2.15 (3H, s, H-20).
TR VEECE W2 1. DL BSOS Sk o e A — 202,
% e AW 10 ARSI IR R o

&Y 11: JERR, ST & A R
HR-ESI-MS m/z317.213 1 [M—H]~ G548 317213 1,
Ca0H2903) 5 H1 50 T3 A Co0H3003;5 'H-NMR (400
MHz, CDCls) §: 1.98 (1H, m, H-1a), 1.02 (1H, d, J =
9.5 Hz, H-1b), 1.98 (1H, m, H-2a), 1.59 (1H, m,
H-2b), 2.23 (1H, m, H-3a), 1.02 (1H, d, J = 9.5 Hz,
H-3b), 1.32 (1H, dd, J = 3.6, 7.9 Hz, H-5), 1.98 (1H,
m, H-6a), 1.73 (1H, d, J= 3.9 Hz, H-6b), 1.98 2H, m,
H-7), 2.23 (1H, m, H-11a), 1.59 (1H, m, H-11b), 1.59
(2H, m, H-12), 0.59 (1H, d, J = 3.9 Hz, H-14), 1.32
(1H, m, H-15), 3.57 (1H, dd, J = 7.9, 11.4Hz, H-16a),
3.70 (1H, dd, J = 7.1, 11.3 Hz, H-16b), 1.19 (3H, s,
H-17), 1.16 (3H, s, H-19), 0.90 (3H, s, H-20). Bi%¥E
W 2. DL EEER S SO GE A, B e

&%) 11 N melanocane B.

WEY 12: TEMRY, ST &R A
%, HR-ESI-MS m/z 363.209 7 [M+H]" Git+5AH
363.209 7, CyH30s) 57 F3 A CaH300s;
'H-NMR (400 MHz, CDCl3) é: 1.76 (2H, m, H-1),
2.31 (2H, m, H-2), 6.80 (1H, d, J = 3.9 Hz, H-3), 2.73
(1H, d, J = 13.1 Hz, H-6a), 1.10 (1H, m, H-6b), 1.10
(1H, m, H-7a), 1.38 (1H, dd, J = 4.6, 13.0 Hz, H-7b),
1.57(1H, m, H-8), 1.57 (1H, m, H-10), 1.57 (1H, m,
H-11a), 1.38 (1H, dd, J = 4.6, 13.0 Hz, H-11b), 2.31
(2H, m, H-12), 5.88 (1H, s, H-14), 5.65 (1H, s, H-16),
0.76 (3H, s, H-17), 1.24 (3H, s, H-19), 0.82 (3H, s,
H-20), 3.58 3H, s, H-21). BiE%E Lk 2. DL %L
5 R OE B A — B0, W EEY 12 A
dodovislactones B.

&) 13: RE AL, SiET S
%, mp 90.6~92.3 C; HR-ESI-MS m/z 315.203 8
[M—H]" G514 315.203 8, CyH»03) 4HT
ﬁyﬂ Co0H2303; "H-NMR (400 MHz, CDC13) 0: 1.90
(1H, m, H-1a), 2.04 (1H, m, H-1b), 2.32 (2H, m, H-2),
6.81 (1H, d, J = 3.9 Hz, H-3), 2.75 (1H, m, H-6a), 1.16

#2 AW 11~20 ) BC-NMR #iE
Table 2 3C-NMR data of compounds 11—20

A 11 12 13 14 15 16 17 18 19 20
1 36.8 17.0 17.0 17.0 17.0 16.9 16.9 17.0 17.0 17.0
2 18.2 24.4 24.5 24.3 24.5 24.5 24.3 24.5 24.4 24.4
3 354 142.1 142.2 142.2 138.0 137.8 141.0 137.6 142.2 142.0
4 47.4 142.0 138.0 137.5 11.9 142.3 138.0 142.2 137.2 137.4
5 46.1 40.3 40.4 36.3 37.9 40.3 40.0 40.3 40.3 40.5
6 20.3 34.7 36.9 36.8 36.4 354 28.1 354 34.8 353
7 32.7 28.6 28.8 28.5 28.7 28.7 32.7 28.7 28.6 28.6
8 127.8 38.0 38.0 37.9 36.9 37.9 36.3 37.9 38.0 38.0
9 133.2 36.4 36.4 40.3 40.3 36.4 37.9 36.4 36.4 36.5
10 37.5 455 45.6 455 455 455 455 455 455 455
11 21.7 36.8 38.6 352 35.6 36.8 36.9 36.8 36.8 36.8
12 292 21.4 18.2 223 19.0 19.0 28.6 18.9 21.4 19.2
13 235 168.4 125.8 171.2 135.2 139.5 171.8 139.3 169.9 152.1
14 28.4 117.9 111.1 115.1 143.6 141.3 16.0 142.6 117.4 127.0
15 28.5 170.8 138.5 174.3 70.3 102.7 178.3 96.7 170.9 170.4
16 63.5 104.5 142.8 73.2 174.6 171.6 17.8 171.6 98.8 170.4
17 19.9 16.0 16.1 16.0 16.0 16.0 33.5 16.0 16.0 16.0
18 184.6 172.4 173.6 33.4 173.4 173.3 172.4 172.1 171.1
19 19.3 335 33.5 173.3 33.5 33.4 33.5 335 33.5
20 16.2 18.0 18.1 17.9 18.0 18.0 18.0 18.0 18.0
21 57.2 18.0 57.1
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(1H, m, H-6b), 1.16 (1H, m, H-7a), 1.31 (1H, m, H-7b),
1.58 (1H, m, H-8), 1.51 (1H, dd, J =1.0, 6.6 Hz, H-10),
1.55 (1H, m, H-11a), 1.70 (1H, m, H-11b), 2.32 (2H, m,
H-12), 6.27 (1H, dd, J=0.9, 1.9 Hz, H-14), 7.23 (1H, m,
H-15), 7.35 (1H, d, J = 1.7 Hz, H-16), 0.80 3H, d, J =
2.1 Hz, H-17), 1.26 (3H, s, H-19), 0.81 (3H, s, H-20). F#
TR AR 2. DA EEER S SR oE A0S, i
YKEAY) 13 2 tinotufolin B.

e 14: Atgss (CEFER-FED, mp
164.5~166.4 ‘C; HR-ESI-MS m/z 333.200 6 [M+
H]* GIFREAE 333.200 6, CoHO04) AHIT TN
C20H2204; 'H-NMR (400 MHz, CDCls) d: 2.04 (1H,
m, H-1a), 1.75 (1H, m, H-1b), 2.26 (1H, m, H-2a),
2.37 (1H, m, H-2b), 6.80 (1H, d, J = 3.9 Hz, H-3),
1.11 (1H, m, H-6a), 2.73 (1H, m, H-6b), 1.30 (1H, m,
H-7a), 1.11 (1H, m, H-7b), 1.49 (1H, m, H-8), 1.37
(1H, dd, J = 1.5, 6.5 Hz, H-10), 1.49 (1H, m, H-11a),
1.75 (1H, m, H-11b), 2.26 (2H, m, H-12), 5.84 (1H, d,
J=1.7Hz, H-14),4.75 (2H, d, J = 1.7 Hz, H-16), 0.76
(3H, d, J = 6.8 Hz, H-17), 1.23 (3H, s, H-19), 0.81 (3H,
s, H-20). BRiEEHE WK 2. DL XRS5 CikifiE A
—ghel, W E &%) 14 2 amphiacric acid Ao

WEM15: AEN K, 5T & H R
HR-ESI-MS m/z 333.198 8 [M+ H]" (it & {H
333.198 8, CaH204) ZHH43TH N CaHosOu;
'H-NMR (400 MHz, CDCls) d: 6.77 (1H, t, J = 3.9
Hz, H-3), 7.10 (1H, t, J = 1.8 Hz, H-14), 4.77 (2H, d,
J=2.0 Hz, H-15), 0.78 (3H, d, J = 6.8 Hz, H-17), 1.23
(3H, s, H-19), 0.80 (3H, s, H-20). BRIGEHE WE 2.
DL 3 5 SRR A —#0T, Ss EA ) 15
“4 patagonic acid.

&) 16: HEMAR, ST & FEA R
HR-ESI-M m/z 363.209 3 [M-+H]" (i448 363.209 3,
C2iH3105) 4 H5r T3 A CaH300s; 'H-NMR (400
MHz, CDCl;) d: 1.84 (1H, dd, J = 8.8, 15.4 Hz, H-1a),
2.04 (1H, m, H-1b), 2.28 (2H, m, H-2), 6.77 (1H, d,
J = 1.6 Hz, H-3), 1.11 (1H, m, H-6a), 2.72 (1H, dd,
J=3.7, 11.7 Hz, H-6b), 1.29 (1H, m, H-7a), 1.45 (1H,
d, J = 6.6 Hz, H-7b), 1.50 (1H, m, H-8), 1.50 (1H, m,
H-10), 1.70 (1H, m, H-11a), 1.12 (1H, m, H-11b), 2.28
(2H, m, H-12), 6.79 (1H, d, J = 3.9 Hz, H-14), 5.73 (1H,
d,J=14 Hz, H-15),0.77 3H, d,J=22 Hz, H-17), 1.23
(3H, s, H-19), 0.80 (3H, s, H-20), 3.57 3H, s, H-21). B%

TR WAR 2. DL BRSSO E R A — S0, i
AN 16 9 (+)-15-methoxyfloridolide A .

WE17: BERR, HIET & He A PR,
HR-ESI-MS m/z: 293.183 1 [M—H] (il # 1l
293.183 1, Ci7Hps04) 25 H 5 TN Ci7H2604;
'H-NMR (400 MHz, CDCl3) 6: 6.39 (1H, d, J = 3.4
Hz, H-3), 0.71 (3H, d, J = 6.7 Hz, H-14), 0.73 (3H, s,
H-16), 1.16 (3H, s, H-17). BRIEEE W& 2. LA 3L
P 5 SRR IE AR — 20, WS A 17 A2k
F - e IR R R -

&) 18: AEMAR, ST & bR B
HR-ESI-MS m/z 349.193 7 [M+H]" (i+H 1A
349.193 7, CaH20s) 2543 T3 N CaoHasOs;
'H-NMR (400 MHz, CDCl3) 6: 1.84 (1H, dd, J = 8.8,
152 Hz, H-1a), 2.05 (I1H, m, H-1b), 2.35 (1H, m,
H-2a), 2.28 (1H, ddd, J = 1.5, 3.6, 9.5 Hz, H-2b), 6.84
(1H, d, J = 1.5 Hz, H-3), 1.14 (1H, m, H-6a), 2.73
(1H, dd, J= 3.8, 11.5 Hz, H-6b), 1.31 (1H, d, J=11.3
Hz, H-7a), 1.45 (1H, m, H-7b), 1.50 (1H, m, H-8),
1.50 (1H, m, H-10), 1.70 (1H, m, H-11a), 1.14 (1H, m,
H-11b), 2.20 (2H, ddq, J = 1.8, 6.0, 9.6 Hz, H-12),
6.80 (1H, d, J = 3.9 Hz, H-14), 6.10 (1H, d,J= 1.4 Hz,
H-15), 0.78 (3H, d, J= 6.8 Hz, H-17), 1.24 (3H, s, H-19),
0.81 3H, s, H-20). A% W3 2. DL E&dR 5 S
BRI IE JE A — (120, WEEY) 18 4 15-F25E-16-
AAb-15,16H-TE s IR B IR -

&Y 19: LEmRY), SiET &P
%, HR-ESI-MS m/z 349.193 7 [M+H]" GiH5AH
349.193 7, CyH290s) 25 H 5T 3N CaoHosOs;
'H-NMR (400 MHz, CDCl3) o: 1.85 (2H, m, H-1),
2.32 (2H, m, H-2), 6.55 (1H, t, J = 3.8 Hz, H-3), 1.15
(1H, m, H-6a), 1.85 (1H, m, H-6b), 1.15 (1H, m,
H-7a), 1.51 (1H, m, H-7b), 1.51 (1H, m, H-8), 1.51
(1H, m, H-10), 1.15 (1H, m, H-11a), 1.57 (1H, m,
H-11b), 2.32 (2H, m, H-12), 5.92 (1H, s, H-14), 6.02
(1H, s, H-16), 0.82 (3H, d, J = 6.8 Hz, H-17), 1.27
(3H, s, H-19), 0.88 (3H, s, H-20). BRI%EE WL 2.
DL E3E 5 ko B AR — S, s A 19
N -7 B 3,130 -16-F2 2 -15,18- — R R -
15,16-A i,

&Y 20: LEGMRY), HiET & Ei A
%, HR-ESI-MS m/z 365.188 6 [M+H]" (itH1H
365.188 6, CaH206) %45 H 4 TN CaoHasOs:
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'H-NMR (400 MHz, CDCl3) 6: 1.45 (1H, d, J = 6.2
Hz, H-1a), 2.05 (1H, m, H-1b), 2.31 (2H, m, H-2),
6.79 (1H, d, J= 3.9 Hz, H-3), 1.45 (1H, d, J= 6.2 Hz,
H-6a), 1.79 (1H, m, H-6b), 1.45 (1H, d, J = 6.2 Hz,
H-7a), 1.52 (1H, m, H-7b), 1.79 (1H, m, H-8), 1.45
(1H, d, J = 6.2 Hz, H-10), 1.13 (1H, m, H-11a), 2.31
(1H, m, H-11b), 2.72 (2H, m, H-12), 6.29 (1H,s,
H-14),0.79 (3H, d, J = 6.8 Hz, H-17), 1.25 (3H, s,
H-19), 0.83 (3H, s, H-20). BRiEEE W& 2. LA L5
P 5 OSCHRIRE AR — 2P, WSt EY) 20 N
polylauioid J.

4 RIMRRTEMETEMN

N TR ZRERAE TR AR RATHIE T

FHREA RIFPURIGHERIG A, R LPS HlE/N R
RAW264.7 EWEAHMIVE RSN IR, JEH LT

HOO

Rk SR 2 6 MM R R iR &Y
(K2, k&Y. 8. 11, 13, 14, 16 BHATHIRE
PR, HbZEKHS (dexamethasone, DEX) SABHM:ZG .
4.1 HEMXTHEPRFEITMN

K MTT 550 5K 6 ML A4 20 pr s i
RIRZIA . SCEGEE R, SXTHAXTLE, 6 ANk
FAUAMTE 3.125~100 pmol/L Xf/Nii, RAW264.7
A B NARENE (P>0.05).
42 LAY NO KRS

KH Griess ¥ 3.125~100 pmol/L 52
1hE9%t LPS fil /N B RAW264.7 41/ NO & &
fossm, SR IE 3. SXHIRAItE, 4 F LPS #|
WG, BRI NO BERET . 4idi24h )5, 5
RUIALLE, A2 NO S ERE T, HE—Er
BN, Hrb, (&1 7 50 100 pmol/L iKFE T,

H,CO
o 0. 0 0
j/% S0
H H H H
£00H %OOH
16

13 14

2 6 NEEL AL ESEN

Fig. 2 Chemical structures of six diterpenoids
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##P < 0.001 vs control group; ***P < 0.001 vs LPS group.
3 TREZIEHEYIxT RAW264.7 48Ff NO S EMFI (n=3)
Fig.3 Effects of different diterpenes on NO secretion in RAW264.7 cells (n = 3)
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il NO HURTUARZE (P<0.001). Xt ELEsH LI,

WEYI1. 13, 14, 16 N DB ik, a8

FHIEEA WG, (A 11 vilgRaki s fhh

™1, 13, 14, 16 BRI C-13 ZATHUG, 1k

1014 16 NHITAABRRA, &Y 13 Nt

WRIEREAR, 116 200 1 A FFERAUEAR, HEM C-13

(L TFR AU R THL AIT R AR

5 g
R LR BRI 22 By OB Fe bt WAk, X

AR ZU R 2 AR B M 48 2 SCTT I 2L 58 BR A 3R

15 1 DAL e RN S i P e AR O 2 ) =24 il 22,

ARURRAMNK BT PR A LD BRACAR P B AL 50 B

23] 20 P mERAEY), TEL S R H A

Bl I AT, Kb B R EY) 1. 13

M4 s R, AR N ZEYARER IR .

ENTIFMETTNEEAR 373 st e Ay 5 gt Y AL S (T 1)

N T HFRERGY, FE DREW o 88, N

BE— PR R A AR AISE G OC R P2t 1AL AR .
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