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Two new hemiterpenyl caffeates from bark of Ilex rotunda

HUANG Wan-feng!, HE Jia', ZHANG Chen-wei!, HE Yu-ming!, WANG Bao-lin', LU Mei-lin!, CHEN Ming!,
FENG Yu-lin! 2, YANG Shi-lin" 2, PAN Qi-ming!, GAO Hong-wei'

1. College of Pharmacy, Guangxi University of Chinese Medicine, Nanning 530200, China

2. Jiangxi University of Traditional Chinese Medicine, Nanchang 330000, China

Abstract: Objective To investigate the chemical constituents from the dried bark of /lex rotunda (“Jiu Bi Ying” in Chinese) and
their anti-inflammatory activities. Methods The compounds of I rotunda were isolated and purified by silica gel, ODS, D101
macroporous resin column chromatography and semi preparative-HPLC. The structures were elucidated via HR-ESI-MS and NMR
spectroscopic data interpretation. The inhibitory rates of the isolated compounds against inflammatory cytokine nitric oxide (NO)
production in LPS-stimulated mouse RAW264.7 macrophages were used to evaluate the anti-inflammatory activities. The cell
viability was examined by the MTT assay. Results A total of 14 compounds were isolated from the bark of I. rotunda, their
structures were elucidated as caffeic acid [(E)-4-hydroxy-2-methylbut-2-en-1-yl]-ester (1), caffeic acid [(E)-4-hydroxyprenyl]-ester
(2), caffeic acid [4-hydroxyprenyl]-ester 3-D-glucopyranoside (3), rotundarpenoside B (4), methyl 3,5-dicaffeoylquinate (5), methyl
3.,4-dicaffeoylquinate (6), syringin (7), sinapaldehyde glucoside (8), di-O-methylcrenatin (9), caffeic acid (10), sinapaldehyde (11),
syringaldehyde (12), protocatechuic aldehyde (13), syringic acid (14). Conclusion Compounds 1 and 2 are two new caffeic acid
hemiterpenyl esters, named as hemiterpenyl caffeate A and B, respectively. The 'H and 1*C NMR spectra of compound 3 are reported
for the first time. Compounds 1, 2 and 11 showed potential anti-inflammatory activities.
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Ko NN EH R (Aquifoliaceae) 475 J& llex L.
YR Tex rotunda Thunb. BT |, 2455
WRET C(RETRZR), FESAMT R, EEK
VUL X -2, ke 58, B ERERE, Pl
IR Th LB, HRTA MR R R R S
PUEIRTEE HIR. PRRH, MONEESH
Ll M A =i MR R R G, b KR4
B RAHFRME T HFENLEENT . B
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PRI M S 2GS T . I IR - FH T Rk e 9
SUSYE B W 98 SR AT 1 SEIE -0, AR 4 R AR
FRew R, R HGTRIG T bR, AR R
WA N 70% CEEHR I B BE IR £ B A0 IE T BEAS HGH A7
SRR 14 NMEEYD, S IR [(E)-4-
FRRE-2-HIL T -2-1%-1-25] BB Ccaffeic acid [(E)-4-
hydroxy-2-methylbut-2-en-1-yl]-ester, 1) Bl HE &
[(E)-4- 23 7 i 2] B8 (caffeic acid [(E)-4-
hydroxyprenyl]-ester, 2). MIMEER(4-F23E 7 )i %)

tig B-D-MEI I 2 HEEF [caffeic acid (4-hydroxyprenyl)-
ester B-D-glucopyranoside, 3]. rotundarpenoside B
(4>, 3,5- = WmmE e B 25 T IR W B8 (methyl 3,5-
dicaffeoylquinate, 5). 3,4- —WNMHERE 28 7= B2 H 15
( methyl 3.,4-dicaffeoylquinate , 6 ) . %5 T & iF
(syringin, 7). % ¥ M % %4 B ¥ (sinapaldehyde
glucoside, 8). di-O-methylcrenatin (9). WIMEER
(caffeic acid, 10). Fr¥ 8 (sinapaldehyde, 11).
LT & (syringaldehyde , 12) . J& JL %% &
(protocatechuic aldehyde, 13)+ T &R (syringic acid,
14). HALE 1 F0 2 4y 2 ASH UmEERR -k s,
G344 N MIHERR ik R A FNOHERR ik R B, 45
MWL 1. &Y 3 MRS RIRR S EdE e RaE .
PANTLAEPENAST RRY], LG 1. 2 7111 ££ 40
umol/L ¥ T B8 BH 5. 351 i5 2 4 (lipopolysaccharide,
LPS) '3 RAW264.7 4Hf—% A (NO) B,
NO ARl Ze 53 I 53.2%- 84.7%H1 55.9%, HIG
W AR, RATERPIRIENE.
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Fig.1 Chemical structures of compounds 1-4 and hemiterpene moiety

1 {XEBEMH

Bruker AVANCE III 500 MHz #% f 3L 4RA% (4
Bruker A #]); Agilent G6230 KAT I [H] 15 (32
Agilent A 7] ); Waters G2-XS K AT B [H] B 15X (3
Waters 2 &) ); Waters €2695 73 #1284 i R0 4H i
1% (3E[E Waters A 5] ); Shimadzu LC-20AD XR 5
ROAR LTS . SPD-20A UL AMG &S (H
K B2 7)) Kromasil 100-5 C15(250 mm X 10 mm,
5 um) BREH (Fidt Akzo Nobel A#]); HT72008
B Rl & (A (IR IR R ARG TR A
7 ); Nicolet iS10 2T 44 (€ [E Thermo
Scientific A ); UV-5200PC AL 4G (i
TOHTA G BR A ) SB-800DTD ZUiA A I T BEHL

CT BT Z AR R A R A D RV3 eco S096
R s 78 kA (FE[E IKA A 7]); HH-8 RUEIR/KIB
B CHEMN G RAESHIE AR A F])D; DLSB-5/20 241K
T2 GRS CRRPHACIR TAT PR A 7] Milli-Q 1Q
7000 B4 KA (3 E Millipore A ); ZF-7 BEFE
RN C R FEHA R ARD; KR G
2 A HE AR (100~200. 200~300 H,
B TABRATD; D101 KFLWEAAE (7
LERBHOH M RIR M AR AR ks, 2
i (Z£[E Thermo Fisher B A BRAF]); HAhiH]
Bior M. Bl (PBS). IR FILiE
(FBS). DMEM #3973 (3 [H Gibico A7 ); LPS.
MTT. Griess iljf] (5[ Sigma-Aldrich A ]).
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RO R T 201948 ARIMEH ) P BRI R
HARAARAT, &) 2K T B
BB NAEHERAFBEY Y4 L rotunda Thunb.
HITHER 7 o AEAS (20190813) fRAFT T IR EEZ
RERFELIG L

RAW264.7 20 )1~ R B b A R 48
HL TR A
2 RESNE

TR 258 100 kg, KR, 28 8 58 70%
SRR, 153 3 198 2R ok e 4 s 15 2
TIRE 50 kg, FHMBNUREBHI AR, II7KIRE, #K
HEERR OB 1B T BEZEE, el RIS 7, 49
R ZBEHAL (400 @) ANIE T EEHBAL (1000 gD

Bt R £, T 3 o7 46 9 J IE AR B A 3 (100~
200 HD, LS - FBEAR R B0 FE SR (1 2 0.9 ¢
1. 501,21, 0: D, HE®AIE (TLC) A&
HAFL Y 138 7 N5 (Fr. A~G). Fr.B (63
g) ZIUERERAEARE (200~300 HD, A& H -
PR RBE Ve (15:0.9:1.4:1.1:1.0:
1), 53] 5 M4 (Fr. B1~B5), HA1 Fr.B2(10 g)
Z ik ODS H:fil, HEE-7K (20 : 80, AFHIE
10 mL/min) ML, TLC. HPLC 43 Hr & -4
WA JE1RE] 7 M2 (Fr. B2-1~B2-7), Fr. B2-6(500
mg), Z Ml mRGRAE L, FEE-ZK (20 180,
2 mL/min) ZEfEBEMAFEM A 11(15 mg, r=23.0
min). 8 (15 mg, ®=24.9 min). 7 (15 mg, R=
26.7min). 3 (15mg, ®=34.9 min) #14 (20 mg,
rR=36.4min). Fr.B3 (17g) &k ODS H: i,
FEE-7K (20 : 80, 30 mL/min) Z5FE¥EML, 5519
A4y (Fr. B3-1~B3-19), Fr. B3-5 (400 mg), £
et & = SO A B, H 7K (20 © 80, 2 mL/min)
SEREVEAAFMLEY 10 (10 mg, ®/R=25.8 min).
13 (10 mg, £*=26.9 min). 14 (15 mg, tr=28.8 min)
12 (15mg, ®=33.2min). Fr. C (173 g) &k
JEREATE (3 (200~300 H), L& bi- A
FBAEEEM (1501, 12:1.4:1.2:1.0: 1),
235 14 M4 (Fr.C1~Cl14), HF Fr.Cc4 (12g)
2k ODS i, HEE-7K (10 £ 90—100 : 0,
10 mL/min) FEEPEE, TLC. HPLC il &3, 5
F| 5 M™MAsr (Fr. C4-1~C4-5), Fr.C4-3 (3 g) &+
J£ ODS f:fhi, HEE-7K (10 : 90—100 : 0, 10
mL/min) FBREEVENE, 193] 6 M4 (Fr. C4-3-1~
C4-3-6), Hrf Fr. C4-3-2 (200 mg) £ 45 w3k

WAH i, FEE-/K (50 150, 2 mL/min) 28 RE VR
BEMEY 5 (14 mg, rR=21.7min) 16 (15 mg,
fr=24.1 min)-

IE T B ALIR B 0 R AN /K VA, I [l
AR TCREMR, FERIERBEIN D101 KL AR
W 12 h J5, ARIA K 10% 30% 50%- 70%
FIT90% FHBE-7K Be it K DA b 80 B e M o0 ok 4
23] 6 NMit4r (Fr. NI~N6). Fr. N4 (30 g) &+
JE ODS #:fhil, L 30% FFEE-/K &5 FE e (50
mL/min), TLC. HPLC 4 #7648 F1# 5 515 2
24 ANfL4r (Fr. N4-1~N4-24), Fr. N4-10 (320 mg)
2 Sephadex LH-20 A (a1 (I R LB 55,
&4 % HPLC 4ifk, HEE-7K (40 1 60, 2
mL/min) ELA&Y) 9 (6 mg, r=14.2min). Fr. N5
(45 & H & ODS HE i, FEE-7K (0 1 100—100 :
0, 50 mL/min) e, TLC. HPLC Rll& 5,
58] 5 MAt4> (Fr. N5-1~N5-5). Fr. N5-4 (8 g)
Z )k ODS FEfhil, 45%H EE-/KZ& b (10
mL/min), 8% 21 M5 (Fr. N5-4-1~N5-4-21),
Fr. N5-4-15 (50 mg) £&2-1ill %% i s0A (i i %,
HIEE-/K (50 150, 2mL/min) ZFFEVEMAEILAY 1
(5mg, &®=12.5min), Fr.N5-4-19 (30 mg) £l
B RO e, HIEE-/K (50 50, 2 mL/min)
SRS EMLEY) 2 2 mg, ®R=14.1 min).

3 SZHEE

LAY 1: AETEBBA, UV mm): 211
(4.16), 250 (3.73), 300 (3.77), 329 (3.87); IRveer
(em™): 3371, 2922, 2851, 1661, 1633, 1497, 1385,
1263, 1179. HR-ESI-MS 7R [ B FHES> T 55 11
m/z: 263.092 1 [M—H] (it5 14 263.092 5,
Ci1sH1505), e EY 1 B9 F3 N CisHi60s.
TH-NMR #(# (£ 1) 88 1 4 ABX &5 & T
55 on7.03 (1H, d, J = 1.4 Hz, H-2'), 6.94 (1H, dd,
J=8.2,1.4Hz H-6), 6.77 (1H, d, J= 8.2 Hz, H-5"); 1
H e KX R 7155 on 7.55 (1H, d, J = 15.9 Hz,
H-7), 6.27 (1H, d, J= 15.9 Hz, H-8"); 1 4~5iF %
MERHREFR 7SS on 566 (1H, t, J = 6.4 Hz,
H-3); 2 MEF R T5 5 0ud.59 2H, s, H-1),
4.15 (2H, d, J= 6.4 Hz, H-4) fl 1 > 245 H 2L 5 1
=5 6u 1.72 (3H, brs, H-5). 13C-NMR #l DEPT ¥4
(1D BREMEYE 14 MRES, B85 AZE
RAE T 6 NMRHEIRIE 5 2 ANMEAT ARG S
A1 ARG, H 6 168.9 (C-9) N 1 /Mg



*2368 $ER 2023448 B54% B8  Chinese Traditional and Herbal Drugs 2023 April Vol. 54 No. 8
F1 ®EY 15024 "H-NMR #1 BC-NMR S iE##E (500/125 MHz, CD:0D)
Table 1 'H-NMR and *C-NMR data of compounds 1 and 2 (500/125 MHz, CD3OD)
e . -
dc ou dc On
hemiterpene moiety
1 69.9 (CH,) 4.59 (2H, s) 61.8 (CHy) 4.75 2H, d, J= 7.0 Hz)
2 134.0 (C) 119.6 (CH) 5.65 (1H, tq, J= 7.0, 1.4 Hz)
3 128.3 (CH) 5.66 (1H, t, J= 6.4 Hz) 142.3 (C)
4 59.0 (CHy) 4.15 (2H, d, J = 6.4 Hz) 67.7 (CHz) 3.97 (2H, 5)
5 14.0 (CHs) 1.72 (3H, brs) 13.8 (CHs) 1.74 3H, s)
caffeoyl moiety
i 127.7 (C) 127.7 (C)
2! 115.1 (CH) 7.03 (1H, d, J= 1.4 Hz) 115.1 (CH) 7.02 (1H, d,J=1.9 Hz)
3! 146.8 (C) 146.8 (C)
4 149.6 (C) 149.6 (C)
5’ 116.5 (CH) 6.77 (1H, d, J = 8.2 Hz) 116.5 (CH) 6.76 (1H, d, J = 8.2 Hz)
6' 123.0 (CH) 6.94 (1H, dd, /=8.2, 1.4 Hz) 122.9 (CH) 6.93 (1H, dd, J=8.2, 1.9 Hz)
7' 147.1 (CH) 7.55 (1H, d, J = 15.9 Hz) 146.9 (CH) 7.52 (1H, d, J = 15.9 Hz)
8’ 114.9 (CH) 6.27 (1H, d, J = 15.9 Hz) 115.1 (CH) 6.24 (1H, d, J = 15.9 Hz)
9’ 168.9 (C) 169.2 (C)

WRILBAZ S, Oc 149.7 (C-4") Al 146.8 (C-3") ~ 24
LR EMIERN S HEWE S, dc 69.9 (C-1) 1 59.0
(C-4) 2 MEAWHEKE T, oc 14.0(C-5) A1
ANHIERAE S .

HMBC i (& 2) #1, 657.03 (H-2'), 6.77 (H-5")
A5 dc 149.6 (C-4"), 146.8 (C-3") HIAHIEI on
7.55 (H-7) 5 dc 115.1 (C-2'), 123.0 (C-6"), 168.9
(C-9") HIZFEAHSCR LG 1 FRAFAE 1 A ek
HEF B, on4.15 (H-4) 5 6¢c 134.0 (C-2), ou 1.72
(H-5) 5 oc 128.3 (C-3), 69.9 (C-1) K on4.59 (H-1)
5 5c 1283 (C-3) MmFEM KRR ZIU AWML 1
A 2RISR T 2-05-1, 4- s A B (B 1) 6n 4.59
(H-1) 5 6c 168.9 (C-9") [#)54 HMBC #H¢ & H-1
NEUE, R e A B C-1 A SR T S e S

PN e | P VN OH

FHERES . NOSEY #rF H-3 5 H-1, H-5 5 H4H
NOE A0, Rk BEh sl E /8, 25 1
BTk, (&9 1 % R [(E)-4-FadE-2-F LT -
2-05-1-58] W, NEEDD, Gy R IHERR s e A

& 2: AETERHA, UV (m): 211
(4.30), 250 (3.93), 300 (3.98), 329 (4.07); IR Voo
(em™): 3359, 2921, 2851, 1685, 1599, 1523, 1448,
1385, 1261, 1180, 1118, 1063, 983. HR-ESI-MS .7~
FH & 111213 7% m/z: 287.089 6 [M+Nal® (it
HAH 287.089 0, CisHiOsNa), HfiE 7+ F XA
CuuH160s, SED 1 BoNFIS Sffk. wtiib s
P2 A1 NMR Bl (R D, KBk E® 2 fi1
—FEERAEAE 1 A EmE S B, (HR LAY 2 fl 1
[t i B S S A — B E R

HO/@S?/Q)E?@/OH

= !H-'HCOSY .— HMBC

2 LAY 1502 89 '"H-"H COSY #1555 HMBC 1%
Fig.2 'H-'H COSY and key HMBC correlations of compounds 1 and 2
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HMBC i (B 2) #, 644.75 (H-1) 5 6c 142.3
(C-3), ou1.74 (H-5) 5 6c 119.6 (C-2), 67.7 (C-4) X
0u3.97 (H-4) 5 6c 119.6 (C-2), 13.8 (C-5) Iz FEAH
KEWZEYEAAE 1 4D 2-F-T 20514
B2l Fr B ou 4.75 (H-1) 5 dc 169.2 (C-9') 1%
H HMBC AH¢ K& H-1 A HE, #ie e B
C-4 A5 T 5B AR E RS . NOSEY 1
H-2 5 H-4, H-5 5 H-1 5 NOE 2%, Rk H
Boh st E /R, 22 BRTR, a2 %
UMMHERR [(E)-4-F22E 57 0058 B, AR a,
i 4 I MIERR 5 I B

&Y 3: REEORKAK; HR-ESI-MS EoRBHE
THES T3 U6 m/z: 449.142 6 [M+Na]® GiHEA{E

C20H26010, 5 rotundarpenoside BN ({547 4) H.
AHFER 7R XA &Y 3 A1 4 () 'TH-NMR Al
BC-NMR il (% 2), KIULEY 3 Al 4 HAG M
FImHERE L Fr B (1 40 ABX &S ER 7155 on
7.02. 6.93. 6.76, 2 MNRAXETFI55 ou 7.53+
6.24 F1 1 NESFRFEIRIE S oc 169.2) FVH & HE Fr Bt
CPmIE R 7155 on 4.26, FHMIEBRIS S oc 103.2
A5 ANEE RIS S 5c 78.1.77.9.75.1.71.6.62.8) ¢
k&9 1 f 2 5 UARL, EY) 3 R 4 B
B 2-H - T -2-0-1,4- I, {H 205 A BEOZ
W AE S A7AE— 2 5% . HMBC 1%, o0 4.74 (H-1)
5 8¢ 169.2 (C-9"), on 427, 4.09 (H-4) 5 oc 103.2
(C-1") BI%%E HMBC AH¢ J H-1. H-4 ¥ —HilE,

449.141 8, CaoHaO1Na), HiiE H 73 17X Bk B C-4 AraUR 7S ummEREEEAT 4 s,
% 2 L& 3 A4 B9 'H-NMR F1 3C-NMR SFIZHE (500/125 MHz, CD;0D)
Table 2 'H-NMR and *C-NMR data of compounds 3 and 4 (500/125 MHz, CD3OD)
i : :
oc On dc ou

hemiterpene moiety
1 61.7 (CHy) 4.74 (2H, d, J= 6.8 Hz) 69.7 (CH2) 4.60 (2H, s)
2 122.5 (CH) 5.74 (1H,t,J=6.8 Hz) 135.9 (C)
3 139.0 (C) 124.9 (CH) 5.70 (1H, t,J = 6.6 Hz)
4 74.6 (CHz) 427 (1H,d,J=12.6 Hz) 66.0 (CH2) 4.44 (1H, dd, J=12.3, 6.1 Hz)

4.09 (1H, d, J=12.6 Hz) 4.29 (1H, overlapped)
5 14.3 (CH3) 1.79 (3H, s) 14.2 (CH3) 1.75 (3H, s)
caffeoyl moiety
Iy 127.5 (C) 127.6 (C)
2! 114.9 (CH) 7.02 (1H, d, J=2.0 Hz) 114.8 (CH) 7.04 (1H, d, J=2.0 Hz)
3’ 147.0 (C) 147.1 (C)
4 150.0 (C) 149.6 (C)
5 116.5 (CH) 6.76 (1H, d, J= 8.2 Hz) 116.5 (CH) 6.77 (1H, d, J= 8.2 Hz)
6' 123.0 (CH) 6.93 (1H, dd, J=8.2, 2.0 Hz) 123.0 (CH) 6.95 (1H, dd, J=8.2, 2.0 Hz)
7 146.9 (CH) 7.53 (1H, d, J=15.9 Hz) 146.8 (CH) 7.56 (1H, d, J=15.9 Hz)
8 115.0 (CH) 6.24 (1H, d, J=15.9 Hz) 115.1 (CH) 6.27 (1H, d, J=15.9 Hz)
9’ 169.2 (C) 168.9 (C)
glucopyranosyl moiety
1" 103.2 (CH) 4.26 (1H,d,J=17.6 Hz) 103.2 (CH) 429 (1H,d,J=7.8 Hz)
2" 75.1 (CH) 3.20 (1H,t,J=8.3 Hz) 75.0 (CH) 3.18 (1H, t,J=8.5 Hz)
3" 78.1 (CH) 3.34 (1H,t,J=8.7 Hz) 78.0 (CH) 3.34 (1H,t,J=8.5 Hz)
4" 71.6 (CH) 3.27 (1H,t,J=8.4 Hz) 71.6 (CH) 3.27 (1H, overlapped)
5" 77.9 (CH) 3.23 (1H, dd, J=5.5,2.0 Hz) 77.9 (CH) 3.25 (1H, overlapped)
6" 62.8 (CH2) 3.85(1H,dd, J=11.9,2.0 Hz) 62.7 (CHz) 3.87 (1H,dd, J=11.9, 1.7 Hz)

3.65 (1H, dd, J=11.9, 5.5 Hz)

3.66 (1H, dd, J=11.9, 5.3 Hz)
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il B I C-1 A 48U 581 &% B C-176AH
R . NOSEY it H-2 5 H4. H-5 5 H-1 &
NOE AH2¢, R v B U o E /2. 25
FRA, (A 3 K MIERR(4-F ik R IR k)
B B-D-MHL e ] 2 M - 124k &) 5 STk R IE — 50,
Rk 2 LA 2B e 0 545 2], (a3 A
T A ol B A IRGE

&Y 4. EEMKRY; HR-ESI-MS m/z:
449.142 6 [M+Nal", 3TN CyoHaO010; 'H Al
BC-NMR % W3R 2. UL EEE 5 SCukon R,
EEY) 4 4 rotundarpenoside B

&Y 5. FERAR, HR-ESI-MS m/z: 553.132 0
[M+Nal", 7+ 72N CasHa6012: 'H-NMR (500 MHz,
CD;0D) §: 7.61 (1H, d, J = 15.8 Hz, H-7"), 7.54 (1H,
d, J = 15.8 Hz, H-7'), 7.06 (2H, d, J = 2.2 Hz, H-2/,
2"), 6.96 (2H, dd, J = 8.2, 2.2 Hz, H-6', 6"), 6.78 (2H,
d, J = 8.2 Hz, H-5', 5"), 6.34 (1H, d, J = 15.8 Hz,
H-8'), 6.22 (1H, d, J = 15.8 Hz, H-8"), 5.39 (1H, dt,
J=1.6,3.6 Hz, H-5), 5.30 (1H, m, H-3), 3.97 (1H, dd,
J = 6.4, 3.1 Hz, H-4), 3.68 (3H, s, 7-OCH3), 2.36~
226 (2H, m, H-2a, 6a), 2.21~2.11 (2H, m, H-2b,
6b); 13C-NMR (125 MHz, CD;0D) §: 175.6 (C-7),
168.8, 168.0 (C-9’, 9"), 149.8, 149.6 (C-4', 4"), 147.5,
1472 (C-7', 7"), 146.9, 146.8 (C-3', 3"), 127.9, 127.6
(C-1", 1), 123.1, 123.0 (C-6', 6"), 116.6, 116.5 (C-5',
57, 115.4, 115.1 (C-2, 2"), 115.1, 114.8 (C-8', 8"),
74.6 (C-1), 72.2 (C-3), 72.0 (C-5), 69.7 (C-4), 53.0
(7-OCHs), 36.7 (C-6), 35.6 (C-2). LL_F%¥E 5 Sk %t
HBOY, HEA A 5 N 3,5- IHEREIE 4 T R H RS

EY 6: R B KA, HR-ESI-MS m/z
553.132 1 [M+Na]*, 4> T3 CasHa6O12: 'H-NMR
(500 MHz, CD;OD) ¢: 7.60 (1H, d, J = 16.0 Hz,
H-7"), 7.50 (1H, d, J = 16.0 Hz, H-7), 7.03 (1H, d, J =
2.0 Hz, H-2"), 7.00 (1H, d, J = 2.0 Hz, H-2'), 6.92
(1H, dd, J = 8.0, 2.0 Hz, H-6"), 6.91 (1H, dd, J = 8.0,
2.0 Hz, H-6'), 6.75 (2H, d, J = 8.0 Hz, H-5', 5"), 6.29
(1H, d, J = 16.0 Hz, H-8"), 6.17 (1H, d, J = 16.0 Hz,
H-8"), 5.53 (1H, m, H-3), 5.10 (1H, dd, J = 8.0, 3.0
Hz, H-4), 4.34 (1H, dt, J = 6.5, 3.2 Hz, H-3), 3.71
(3H, s, 7-OCH3), 2.32 (I1H, dd, J = 14.0, 3.3 Hz,
H-2eq), 2.29~2.19 (2H, m, H-6) 2.08 (1H, dd, J =
14.0, 6.4 Hz, H-2ax); '3C-NMR (125 MHz, CD;0D)
5: 175.2 (C-7), 168.5, 167.9 (C-9’, 9"), 149.8, 149.7

(C-4', 4"), 147.7 (C-7', 7"), 146.8 (C-3', 3"), 127.7,
127.5 (C-1, 1), 123.2, 123.1 (C-6/, 6"), 116.5 (C-5,
5m), 115.2, 115.1 (C-2, 2"), 114.7, 114.5 (C-8', 8"),
75.8 (C-1), 74.9 (C-4), 69.1 (C-3), 68.6 (C-5), 53.1
(7-OCH3), 38.5 (C-2), 38.4 (C-6). LA % 5 ek xt
FROOL, B e B 6 A 3,4- DNk I 45 7 R F K

WEWT: AR, HR-ESI-MS m/z: 395.131 3
[M+Nal*, 73T 3N Ci7H2400; 'H-NMR (500 MHz,
CsDsN) 0: 6.87 (2H, s, H-2, 6), 6.87 (1H, dd, J = 15.8,
1.5 Hz, H-7), 6.61 (1H, dd, J = 15.8, 5.0 Hz, H-8),
5.79 (1H, d, J = 7.0 Hz, H-1"), 4.58 (2H, dd, J = 5.0,
1.5 Hz, H-9), 4.39 (1H, dd, J = 11.7, 2.6 Hz, H-6'a),
4.34~428 (4H, m, H-2', 3', 4, 6'b), 3.93 (1H, m,
H-5'), 3.74 (6H, s, 3, 5-OCH3); '3C-NMR (125 MHz,
CsDsN) d: 153.9 (C-3, 5), 135.6 (C-4), 133.9 (C-1),
131.2 (C-7), 129.3 (C-8), 105.2 (C-2, 6), 104.9 (C-1"),
78.8 (C-3'), 78.4 (C-5"), 76.1 (C-2), 71.6 (C-4'), 62.8
(C-9), 62.6 (C-6"), 56.5 (3, 5-OCH3). LA_ 54l 5 0k
fRIEXT RO, A T R T H

&Y 8: FMF AR, HR-ESI-MS m/z: 393.115 3
[M+Na]*, ﬁ?ﬁ?’ﬂ C17H22009; "H-NMR (500 MHz,
CsDsN) 0: 9.82 (1H, d, J = 7.7 Hz, H-9 ), 7.45 (1H, d,
J=15.8 Hz, H-7), 7.01 (2H, s, H-2, 6 ), 6.90 (1H, dd,
J=15.8,7.7 Hz, H-8), 5.98 (1H, d, J = 7.2 Hz, H-1"),
3.79 (6H, s, 3, 5-OCH3); *C-NMR (125 MHz, CsDsN)
d: 193.6 (C-9), 153.8 (C-3, 5), 153.0 (C-7), 138.6
(C-4), 130.2 (C-1), 128.4 (C-8), 107.4 (C-2, 6), 104.2
(C-1'), 79.0 (C-5"), 78.5 (C-3) , 76.0 (C-2'), 71.6
(C-4"), 62.6 (C-6"), 56.6 (3, 5-OCH3). LA E%i#E 5
R U2, e S 8 SNTT TR A R T

WEW9: AR, HR-ESI-MS m/z: 369.116 4
[M+Nal]*, 7313 RN CisH2O00; 'H-NMR (500 MHz,
CD;0D) d: 6.70 (2H, s, H-2, 6), 4.83 (1H, d, J = 7.6
Hz, H-1'), 4.54 (2H, s, H-7), 3.84 (6H, s, 3, 5-OCH3),
3.76 (1H, dd, J = 12.0, 2.4 Hz, H-6'a), 3.65 (1H, dd,
J = 12,0, 52 Hz, H-6'b); C-NMR (125 MHz,
CD;0D) J: 154.2 (C-2, 6), 139.7 (C-1), 135.2 (C-4),
105.6 (C-3, 5), 105.4 (C-1), 78.3 (C-5"), 77.8 (C-3"),
75.7 (C-2"), 71.3 (C-4"), 65.1 (C-7), 62.6 (C-6"), 56.9
(3, 5-OCHs). LA EHdE 530l IS, B e &4
9 4 di-O-methylcrenatin.

&) 10: E A (FEE, HR-ESI-MS m/z:
181.050 5 [M+H]", 73 A CoHsO4; 'H-NMR (500
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MHz, CD;0D) §: 7.53 (1H, d, J = 15.8 Hz, H-7), 7.03
(1H, d, J= 2.0 Hz, H-2), 6.92 (1H, dd, J= 2.0, 8.2 Hz,
H-6), 6.77 (1H, d, J = 8.2 Hz, H-5), 6.21 (1H, d, J =
15.8 Hz, H-8); 13C-NMR (125 MHz, CD;0D) d: 171.1
(C-9), 149.4 (C-4), 147.1 (C-7), 146.8 (C-3), 127.8
(C-1), 122.9 (C-6), 116.5 (C-5), 115.5 (C-8), 115.1
(C-2)o VAL S5 CHRxT IR, i Eib &9 10 N
IR o

&) 11: kK, HR-ESI-MS m/z: 209.081 8
[M+H]", 4T3~ CiiH1204; 'H-NMR (500 MHz,
CD;0D) 8: 9.56 (1 H, d, J=7.9 Hz, H-9), 7.56 (1H, d,
J=15.7 Hz, H-7), 6.97 (2H, s, H-2, 6), 6.66 (1H, dd,
J =157, 7.9 Hz, H-8), 3.88 (6H, s, 3, 5-OCH3);
BC-NMR (125 MHz, CD;0D) J: 196.1 (C-9), 156.5
(C-7), 149.6 (C-3, 5), 140.9 (C-4), 127.0 (C-8), 126.4
(C-1), 107.6 (C-2, 6), 56.9 (3, 5-OCH3). LA F¥i¥i5
SCHRATHRDS), # e A Y 11 N TF T .

&Y 12: JZEAREK, HR-ESI-MS m/z:
183.065 0 [M+H]", 2> T7H N CoH1o0s; 'H-NMR
(500 MHz, CsDsN) §: 10.01 (1H, s, H-7), 7.40 (2H, s,
H-2, 6), 3.80 (6H, s, 3, 5-OCH3); '3C-NMR (125 MHz,
CsDsN) 6: 190.9 (C-7), 1493 (C-3, 5), 144.3 (C-4),
127.9 (C-1), 107.8 (C-2, 6), 56.2 (3, 5-OCH3). iRk ¥
ECRpet IR0, st A 12 KT .

WEY 13: wEAEE (FEE, HR-ESI-MS
m/z: 139.040 0 [M+H]*, 43 F N C7HqO3; 'TH-NMR
(500 MHz, CsDsN) d: 9.98 (1H, s, H-7), 7.88 (1H, d,
J =14 Hz, H-2), 7.50 (1H, dd, J = 7.9, 1.2 Hz, H-6),
7.29 (1H, d, J = 8.0 Hz, H-5); 3C-NMR (125 MHz,
CsDsN) 6: 190.0 (C-7), 154.3 (C-4), 147.9 (C-3),
130.1 (C-1), 125.3 (C-6), 116.4 (C-5), 115.4 (C-2). L
REHE S SCERIEXT IR, et & 13 MR L
Al

tEY) 14: Atk CHFEE, HR-ESI-MS m/z:

221.043 0 [M+Na]*, 43+~ CoH 00s; 'H-NMR
(500 MHz, CsDsN) d: 7.90 (2H, s, H-2, 6), 3.79 (6H,
s, 3, 5-OCH3); BC-NMR (125 MHz, CsDsN) 0: 169.6
(COOH), 148.6 (C-3, 5), 142.1 (C-4), 122.6 (C-1),
108.4 (C-2, 6), 56.2 (3, 5-OCH3). LA %4k 5 SCiikxf
RS, whE & 14 RT HIR.
4 MRTEMIFIE

K FH LPS % 5/ RAW264.7 LG 4T i 98 AR
A, 1§ H] Griess iEME NO & &, MTT iE60E
fiT% RAW264.7 43 PR g szmatol, spigab il (%
3) WIRTE 40 pmol/L KRR, k&M 1. 25111
X NO A B A RAHIER, 4 500y
53.2%- 84.7%#1 55.9% (5 LPS 4tk P<0.001).
EY 1. 2 f 11 gniRfEE RS R (B 3)
LKW, ALED 1A 11 REZ/NT 80 pmol/L B X4 i
KT, RAEERLE KT 90%, a2 1E
fRIRE (40 pmol/L) WA EE E. Rk, a4
1. 2 F0 11 B EABAERBURTENE.

®3 LAY 1~4. 9~11 A 14 3f LPS iF5H) RAW264.7
YRE NO £ RAIINFIR (x+s5,n=3)

Table 3
against NO production in LPS-induced RAW264.7 cells

(xts,n=3)

Inhibitory rates of compounds 1—4, 9—11, and 14

&Y R /umol/L NO 4 S #/%
1 40 53.24+4.9™
2 40 84.7£4.9™
3 40 9.5+2.5™
4 40 11.4+£54™
9 40 28.3+3.1"™
10 40 25.1+4.8"
11 40 55.9+2.1™
14 40 243421
5 LPS 4HH%E: P<<0.001

P <0.001 vs LPS group

1201 1201
100 . 100
= g0 = 50 2
BT 60 560 s
& s e
= 404 = 404 B
g 20 § 20 8
0 0. |
XM 10 20 40 80 YPHE 10 20 40 80 A 1020 40 80
1/(umol-L) 2/(umol L) 11/(umol 'L )

3 KA1, 2 011 3 RAW264.7 BREMNEM (xts,n=3)
Fig.3 Cytotoxicity of compounds 1, 2, and 11 in RAW264.7 cells (xts ,n=3)
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