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7 E. BB WAIEAE Chrysanthemum morifolium WAL K5y . FiE KBRS ODS. Sephadex LH-20 DA K f-i %
HPLC %577 20 B4t AR BALEHR I 456 SO b A S M7 5 5E . SKANEZ M (lipopolysaccharide, LPS) 5%
NERE ST RAW264.7 BE8L,  DLA0HI 2 VAT PR+ — %0 (NOD B3 VAN FR brhf 43 25 45 3 B4k & P dh AT 1 7P P 28
EHET . R WA e S PR IR R 7 MGG, 278 (6S, TR, 10R)-1E 25 )5t-7-F255-10,11- 31 45-4-F (1D
HEBNEE (2). (4R)-1-FH-4-(1-FEFHE)H OF-6-F7 (3). 2-FHEIEX K B (4. 4-G-FHEE)ER (5. 5-3-FH
5 2-HEBER (6). 4-HERE® (7. £t WEW 1 AT IREA RIS, A AR A. BRILED 2 4,
HR|EWH e RN ZEEY R Eas. E% 1 M 3 FR% NO MHER, H PG E (median inhibition
concentration, ICso) fEZ3724 9.2, 38.9 pmol/L.
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A new bisabolane-type sesquiterpenoid from Chrysanthemum morifolium
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Abstract: Objective To study the chemical constituents from Chrysanthemum morifolium. Methods The extract from C.
morifolium was isolated and purified by silica gel column, ODS, Sephadex LH-20 and semi-preparative HPLC. Their structures were
identified by spectral analysis combined with literature. Inhibiting the secretion of inflammatory cytokine nitric oxide (NO) was used
as the evaluating indicator, the model of lipopolysaccharide (LPS)-induced mouse macrophage RAW264.7 cells was used to evaluate
the in vitro anti-inflammatory activity of isolated compounds. Results A total of seven compounds were obtained from the
dichloromethane extract of C. morifolium and their structures were identified as (6S,7R,10R)-bisabolane-7-hydroxy-10,11-epoxide-4-
one (1), loliolide (2), (4R)-1-methyl-4-(1-hydroxyisopropyl)cyclohexene-6-one (3), 2-methoxyhydroquinone (4), 4-(3-
hydroxypropyl)phenol (5), 5-(3-hydroxypropyl)-2-methoxyphenol (6), 4-methylphenol (7). Conclusion Compound 1 is a new
bisabolane-type sesquiterpenoid, named chrysanbisabane A. All compounds except compound 2 were isolated from this genus for the
first time. Compounds 1 and 3 showed a significant NO inhibition activity with median inhibition concentration (ICso) values of 9.2

umol/L and 38.9 pmol/L, respectively.

Yk HER: 2024-02-22

EEWMB: EXRARKEETITHE (820036060 #F 4 mif BHE OB FA SRR % B (24IRTSTHN039)

EEE N S (1998—), BILBIFLA, BFFLIT M 525500 At . E-mail: yajun027@163.com

HEEIEE: BER (1988—), RIHER, BILBITCA SN, WHITr AP 2530)52Efill. E-mail: xueguiminl23@126.com
BEg R (1987—), SR, ST Ay 22450 Bk fil. E-mail: xuejinfeng8804@126.com



2864 *

* —?- ﬁ 20244E5 H 558 B9 Chinese Traditional and Herbal Drugs 2024 May Vol. 55 No. 9

Key words: Chrysanthemum morifolium Ramat.; chrysanbisabane A; sesquiterpenes; anti-inflammation; (4R)-1-methyl-4-(1-hydroxy-

isopropyl)cyclohexene-6-one; 2-methoxyhydroquinone

WA EHEYZ Chrysanthemum morifolium
Ramat. [ TRJGIRET, wRoH ¥, 898, A, I
2, HAmBAR FHUH . iSRS Th R,
T RBURE . Siza. B M, & DARE
HEAAER 2 B RR B 256 2 — 2, FRIE 25 H 2 T i
P2, Az, RS TIOEANE, 4
NEH . B DI MASEE L 2B 2020
PG RS NSt 7 TRl T S Rl i SRl I
57 FE[FIVEN “3g 87 NG, M54 “ DY KR Z)”
Z—, TR E A, HRR A, 2
ZIFHZIAEIIEH . C T MR AEAL 22 B it o 224
HHAE 2SI TR AL A T ST S DT TRL, TR SRAE
AR B o B SRR TR, R T R
Iee] BH LA 27 1 Ay 2 RRN 265 3R 24 RO A, ARSI G
FACATF AT TWEIE, W BsEE T 7 M
E, S RISETEN (6S,7R,10R)-1%Zki-7-F25£-10,11-
R4 4-TH  [(6S,7R,10R)-bisabolane-7-hydroxy-10,11-
epoxide-4-one, 1], FBEZENEE (loliolide, 2). (4R)-
1- F 2 -4-(1- 32 28 52 9 28 ) 36 M -6- FiH [(4R)-1-
methyl-4-(1-hydroxyisopropyl) cyclohexene-6-one ,
3] 2-FHEJEXT 2K ) (2-methoxyhydroquinone, 4)+
4-3-FF N H) KM [4-(3-hydroxypropyl) phenol, 5].
5-G-F N E)-2-H K [5-(3-hydroxypropyl)-2-
methoxyphenol, 6]. 4-FJE2KM) (4-methylphenol,
7. Hr, &Y SR EY), i
MR ZE As B 3~7 NEIRMNAEY)
1S3, SRANEZ M (lipopolysaccharide, LPS)
7 /N E RN RAW264.7 B8, DLA0H] 5 P40
H R — 4L L (NOD [ 73 PP B AR X 73 25 15
A AT RSN RGP
1 =5

LC-52 7 iy JI > ) 24 VUM (0 A% (3838 85 78
(Jb50) FHEAM AT, Bruker AVANCE 1T 500 %
WEIPRIX . Bruker maxis HD 4 & AT B[] Jog i A% (4
Bruker A 7)), Thermo Nicolet IS10 ZLAM i AL
(Thermo Scientific, 32[F ), Thermo EVO300 £ 4M )y
H6 B it (Thermo Scientific, 3¢ ), Anton Paar MCP
5100 B eA (B Anton Paar A %)), JASCO
J-810 [# — 34 (HA Jasco A7), CKX41 AU
B (HA Olympus 2% Tk #k X &4k,

A10051560 i1 TAES (AIRTECH A#]), Vortex-
2 imliEdR¥ e (Scientific Industries A7), Biofuge
stratos R IHR B 0oFL (ZE[E Thermo Fisher Scientific
ANFD, XH-C BRiEREd (SInmiET A ),
Proline .18 n] i#£ 775 ({%[E Sartorius /A &), EDP3-
plus HIZhZIERM A (35E RAININ 4], Spectra
Max Plus 384 EfFr{X (Molecular Devices 2AF] ).

FEEIERER H(200~300 H, F ST ),
MCI Gel CHP-20 (il ik} (H A =33 b2 A ),
Sephadex LH-20 %% HE#E (Parmacia Biotech),
ODS ##¥} (SP-120-50-ODS-B, Daisogel), M
I (60~80 H, ZwEMNREARARD.
DMEM/RPMI 1640 £57%3 (Invitrogen A7), a4
Mg O P 2= 35 4 P #1 BL i 58 B ), DMSO
(Biosharp A ], 96 fLAHMIREFEIR (3£ Costar 2
A]D), 24 FLANMIRT IR (3EHE Costar AF]), 0.25%f%
B 20 L AL (Gibeo), LPS (3£ Sigma-Aldrich
Corporation 22 ] ), NO-FLH K- L-FE 2 ISR EE (S0011,
HRRAEYHFIARARATD, NO MG (FEHEAK
HEVEARAIRAFD, WAHRRE (Rt
BRAFD.

MREGAE 2023 4F 3 HR B iR S, 2l
R EIMIABAR L E NEFHEYI% C. morifolium
Ramat. [ FHSRAE 7« FRIEFEA (20230313A) FFIL
RIS PN 2= S RS T TV
2 REENH

MR THESIRTEFE S kg i S F AR IR
B, BRREE 11, $REC3 IR, BEK 48h, BRI
[RGB IR 275 g, B RERS A=, Ak kAl
A & he. & GE-HEE (10 D 3R
Ve, 1530 3 ANERAL, AVHEEEAL (96 g).
Bl i (95 g) &M FE-FEE (10 1 #47 (81 ).

TEHBEHAL (95 g) i@t MCI a4
IR 10%HBE . 30%FHEE. 50% FEE. 60% H I
70% HEE . 80% HEE 90% FH . 100% FEESEE, 15
F| Fr. 1~8, Fr.3 £ Sephadex LH-20 ¥, FHEEHL/
ODS #, /K-FIEE (1:0~0: 1) BhEEEE . Fhl4
HPLC, Vst (HEE-7K 51 95~1 100 BREEGEIN,
33 Fr. 3.7.2.1~3.7.2.8.Fr. 3.7.2.5 £} % HPLC,
MBI CHEE-/K 55 @ 45) S5, BEtkEam1
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(6.32 mg, &R=30.18 min).

Fr.2 4 Sephadex LH-20 £, FEESEME, 153 Fr.
2.1~2.2, Fr. 2.1 4 ODS #£, /K-FEE (1:0~0:
1) BEERE, 5% Fr. 2.1.1~2.1.6. Fr. 2.1.4 &3¢
#il# HPLC, ¥zhtl (ZHE-7K 20 @ 80) ZFRELe/it,
BEMEY 2 (1534 mg, ®=33.75 min). Fr.2.1.5
22244 HPLC, Jshtl (ZBE-/K 25 0 75) &%
i, 5RMEEY 3 (4.12mg, ®R=29.68min). Fr.2.2
222414 HPLC, i ahAH ( ZfE-7K 20 © 80~45 : 55)
SRR, 133 Fr.2.2.1~2.2.5, Fr.2.2.1 4%
HPLC, VishtH (HEE-7K 5:95~40 : 60) BHEEHE
Jiit, BEMAEY) 4 (2.0mg, r=40.50 min). Fr.2.2.2
22214l % HPLC, Vst (HEE-7K 5 0 95~40 : 60)
RN, BEMEEY 5 (7.23 mg, (r=46.67 min).
Fr.2.2.3 £ % HPLC, Jiah (FEE-/K 5 95~
40 1 60) BHEEEVENL, BEMNEY 6 (3.01 mg, wr=
22.59 min). Fr. 2.2.4 24|45 HPLC, ¥isht (H
7K 32 1 68) SEFELEML, HEMLEY 7 (2.63 mg,
R=26.95 min),

3 KT

& 1: AR A, [a]f +12(0.03, CH;0H).
HR-ESI-MS %5 m/z 4 275.161 6 [M+Na]* G5
fE4 275.161 8), ULEHH 1A CisHau03, A
RN 4. UV CHED B840 &Y HIE ORISR
K-AF 236 nm 4b. IR (KBr) JGilisiiE Bomizib &4
HAERI 3438 cem™), #iIE (1671 em™'). fE 'H-
NMR & (500 MHz, CDCls) 1, &R 4 MG
FES (0u1.78,5;1.20,5; 1.17,5; 1.12,5), 1 MHEA
FRTES Oun 6.73, m), 1 MEAEFRTFES (Ou
3.78, m). '*C-NMR. HSQC ¥l B/~F 15 Mkls
T, AFE 12 4 sp? RERIET [EF 4 DM, 4
AP HEE 2 AN (B3 1 MESEBK 6c84.4)
2 ANERE (S HIERR oc 83.8, 71.6)] LA 3 A4
sp? ZRAUERE T (BLHE 1 ANERBREE 60200.4 BL A 2 A
Jilik oc 144.8, 135.6). LA EEIERIALEY 1 Ni%
& 1 MR &4,

7t HMBC K&, EoR Ho-1 5 C-2/C-3/C-7 #
* (B D; WA H2 5 C-1/C-3/C-4/C-6 F15;
H;-15 5 C-2/C-4 #i3%; H-5 5 C-4/C-7 #H3%; Hz-14
L C-6/C-7/C-8 #HK; H»-9 5 C-7/C-10/C-11 FHK;
H-10 5 C-8/C-12/C-13 #H%; Hs-12 5 Hs-13 &5 C-
10/C-11 #H%, ULHALEYI 1 BA BAG et ik 28
gERy. PR E H-2 (0n 6.73, m) 5 C-2 (dc 144.8),

1 &Y 1 EEMFILEE HMBC #%

Fig.1 Structure and key HMBC correlations of compound 1
C-3 (dc 135.6), C-4 (dc 200.4) VLK H-5 5 C-4 f74F
HMBC #5%, #i8 C-2, C-3, C-5 fif77E o, A Al
fil. Hs-14, Ho-1, Ho-5 LA K Hp-8 W& 5i%% Z=0i C-7
(0c 83.8) MK, WA C-7 EHA A Hs-12, Hs-13
B 5ESR C-10 (Oc 84.4), C-11 (5¢c 71.6) 5%, H
bR o ANV A 3% 25 b s kB 28 K 7S e
W, BFR TR, U C-10 5 C-11 A
D ve 2\

7t ROESY % &, v LUE F B 2.1 H-6 5 Hs-
14 #15¢, (HEHT C-7 MEE 1) sp3 Z4bik, v HH
e, AfeiEid ROESY AHIGHHE HAHM AL, 7
AhET C-10 fBEAEMSE b H I BRI o B AN
ARG, P CD EIEEHE TR 25 1,
YR HTHE ECD /M E C-6. C-7 (it sL.
KM IEFPCM # AU 7F B g b &1 XF (6S,7R)-1
(6S,7R)-1. (6R,7R)-1 F1(6S,7S)-1 £ CAM-B3LYP/
DGDZVP /K-t 54320 ECD #EWLE 2, W%
(6S,7R)-1 1] ECD & 55258 ECD i HHMI& . ik,
KR )t — D C-10 A B, @
it DP4+ At FA R 10R. [RIk, e2eHfie 1%
W& (6S,7R,10R)-1% 25 )5¢-7-F43£-10,11-H %4 -4-
M, s N E AR ke A, H 'TH-NMR 1 3C-
NMR #5508 WL 1.

— Exptl. for 1

— Calcd. for (6S,7R)-1
— Calcd. for (6R,7S5)-1
— Calcd. for (6R,7R)-1
Calcd. for (6S,75)-1

CD [mdeg]
[}
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2 &Y 189 E ECD BiZANTN ECD gk
Fig. 2 Experimental and calculated ECD spectra of
compound 1
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Fz1 LEW 1 BRXEEEIE (500/125 MHz, CDCls)
Table1 NMR data of compound 1 (500/125 MHz, CDCls)
720 Su e {73 A Su ¢

la 2.39 (1H, m) 28.1 8b 1.64 (1H, m)

1b 2.21 (1H, m) 9a 1.88 (1H, m) 26.4
2 6.73 (1H, dt, J= 6.5, 1.7 Hz) 144.7 9b 1.75 (1H, m)

3 135.6 10 3.78 (1H, t,J=7.3 Hz) 84.4
4 200.4 11 71.6
5a 2.63 (1H, m) 40.1 12 1.20 (3H, s) 272
5b 2.26 (1H, m) 13 1.12 3H, s) 24.6
6 2.18 (1H, m) 45.1 14 1.17 3H, s) 22.7
7 83.8 15 1.77 3H, s) 15.8
8a 1.81 (1H, m) 352

WA 2: otk i CFREE) . ESI-MS m/z: 197.1
[M+H]*. 'H-NMR (500 MHz, CDCl;) 6: 5.69 (1H, s,
H-10), 4.32 (1H, m, H-5), 2.46 (1H, m, H-6a), 1.98 (1H,
dt, J=14.5,2.7 Hz, H-4a), 1.78 (3H, s, H-7), 1.77 (1H,
m, H-6b), 1.52 (1H, dd, J = 14.5, 2.7 Hz, H-4b), 1.46
(3H, s, H-1), 1.27 (3H, s, H-2); 3C-NMR (125 MHz,
CDCl3) 6: 26.4 (C-1), 26.9 (C-2), 36.0 (C-3a), 45.5 (C-
4a), 66.4 (C-5a), 47.1 (C-6a), 30.6 (C-7), 187.1 (C-8),
172.1 (C-9), 112.4 (C-10), 183.0 (C-11). LA MRS
SCHRIRIE EE X A —F0), MU A 2 B
EAG]IER

WE) 3: WEMAK, 5T HEL. ESI-MS m/z:
169.1 [M—+H]*. 'H-NMR (500 MHz, CDCl;) J: 6.76
(1H, dd, J = 6.4, 2.2 Hz, H-2), 2.61 (1H, m, H-5a), 2.45
(1H, m, H-5b), 2.24 (1H, m, H-3a), 2.06 (1H, m, H-3b),
1.78 (3H, s, H-7), 1.21 (3H, s, H-10), 1.20 (3H, s, H-
9); 3C-NMR (125 MHz, CDCl3) 6: 135.0 (C-1), 144.6
(C-2), 26.8 (C-3a), 49.4 (C-4a), 39.6 (C-5a), 200.2 (C-
6a), 15.6 (C-7), 71.5 (C-8), 27.3 (C-9), 27.1 (C-10),
183.0 (C-11). PA_E3 #8155 SCHRHRIE bboxy He A — o],
WL ENEY) 3 N (AR)-1-H FE-4-(1-FR 3L R P 5E)
O -6-

wEY 4. wEMAK, 5T HE. ESI-MS m/z:
141.1 [M+H]". 'H-NMR (500 MHz, CDsOD) §: 6.76
(1H, d, J=2.8 Hz, H-6), 6.45 (1H, d, J = 8.6 Hz, H-5),
6.33 (1H, dd, J = 8.6, 2.8 Hz, H-2), 3.86 (3H, s, H-7);
BC-NMR (125 MHz, CDCls) d: 149.4 (C-1), 99.7 (C-
2), 147.2 (C-3), 139.7 (C-4), 114.4 (C-5), 106.8 (C-6),
56.1 (C-7). LA bE#ds 5 SClRARE boo A — 207,

MU EAL AW 4 R 2-F RSN K ).

a5 AERAR, 5T HlE. ESI-MS m/z:
153.1 [M+H]". 'H-NMR (500 MHz, CDCl3) 6: 7.04
(1H, d, J= 8.4 Hz, H-3), 7.06 (1H, d, J = 8.4 Hz, H-5),
6.74 (1H, d, J= 8.4 Hz, H-2), 6.76 (1H, d, J = 8.4 Hz,
H-6), 3.67 (2H, t, J = 6.4 Hz, H-9), 2.64 2H, t, J= 7.7
Hz, H-7), 1.86 (2H, dq, J=7.7, 6.4 Hz, H-8); '3C-NMR
(125 MHz, CDCl3) 6: 155.7 (C-1), 111.4 (C-2), 130.1
(C-3), 136.8 (C-4), 130.1 (C-5), 111.4 (C-6), 31.5 (C-
7),33.9 (C-8), 62.1 (C-9). LA HidiE 5 SCikTkIE b Xt
BRI, MBI A 5N 4-C-FRNE) K.

e 6: AR, 5T HEE. ESI-MS m/z:
183.1 [M—+H]*. 'H-NMR (500 MHz, CDCl;) §: 6.83
(1H, d, J=7.9 Hz, H-3), 6.69 (1H, dd, J= 7.9, 2.0 Hz,
H-4), 6.71 (1H, d, J = 2.0 Hz, H-6), 3.88 (3H, s, H-10),
3.68 (2H, t, J = 6.4 Hz, H-9), 2.64 (2H, t, J = 7.7 Hz, H-
7), 1.87 (2H, m, H-8); 3C-NMR (125 MHz, CDCl;) 6:
144.7 (C-1), 145.7 (C-2), 110.9 (C-3), 119.9 (C-4), 135.3
(C-5), 114.9 (C-6),31.6 (C-7), 34.4 (C-8), 62.4 (C-9), 56.2
(C-10)o LA F-#idE 5 SCikiasE L A — 3500, #eds e
AW 6 N 5-(3-FRTRHE)-2- A LIRS o

a1 BEBAR, 5T HEE. ESI-MS m/z:
109.1 [M+H]". 'H-NMR (500 MHz, CDCl;) &: 7.90
(1H, d, J= 8.3 Hz, H-3, 5), 6.89 (1H, d, J = 8.3 Hz, H-
2, 6),2.56 (3H, s, H-7); 3C-NMR (125 MHz, CDCls)
5:152.9 (C-1), 115.4 (C-2), 130.2 (C-3), 130.3 (C-4),
130.2 (C-5), 115.4 (C-6),20.5 (C-7). LA L¥#E 5
R L AR — 30, MU R A T N 4-H
BN
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4 METEMY

ARSI N oy B 15 2 AL A Pl i X LPS 155/
B ELMRZH L RAW264.7 724 NO #IfillE F SR E A
L E N BUE KRS R4 HAT%5 £ A K
RAW264.7 4Hifig, ] DMEM 58 484 77 3 Fir 1] ji 5. 41
MOESR, AL L 1X1054Y/mL, &FL 100 uL
BIL1ER T 96 FLIRH, T 37 'C. 5% CO, 4ifiuks
FRAEHRE R 24 ho WE A A ([ DMEM £5753) .
FERIZH (1 pg/mLLPS) . SE5G4H [1 pg/mLLPS+ (1,
10, 20, 40. 80. 100 umol/L k&) 1, &4 3 4
FALHEFR 24 h, UK EIEWRT S0 E R A Griess
WAV G ERAE TV, AR = NO I &
SKFH NO A B 77 NO-FH B LR R BE ER SR AE A
BEPE 2556 18 [A] I, 3@ CCK-8 iR 5614 RAW264.7
ARG F1, DLHERR LS AR st T, F
PRXAE 540 nm W 5E S FLBOGEE (4D 18, THEH0H]
R 1Cs01H -

NO 2 =(4 s —A )/ (A wo—A 1)

WA 1~7 76 LPS 551 RAW264.7 41 i
PR T T NO ME T, S5 RR, S
AL, &9 176 50 pmol/L ¥ FEI 1) NO 0]
#19 80.2%, F 1CsofH N 9.2 pmol/L, WA 3 7E
50 pmol/L I} ) NO #iil# A 60.2%, H ICso fH A
38.9 pmol/L, 1 F1 3 g 24 LPS 53 RAW264.7
B NO &, HARENPLRENE, Kb &G
PEIFA TR, FHIMEZG NO-FLH - LR ZRE R 3k 1Cso
{674 22.1 umol/L.
5 i1t

BTN RAE T B E T 7 MUEY,
HA &Y 1 PR A B s R &, b
HEY 3~T7 AERMNZEED T ERE] . 5k
FUEMT iz THRL R 2R ks R

LYt BHADUE. SURSER . AT

EW 1B RENTRIENE, XX EY

PARCMSIAE B HE— 00T Fe At R 47 i BRI R Al
HBAR AN FERARELEA B FR

S HK

[1] EZ [S]. —#6. 2020: 193-194.

[21 Zok, TRIENT, AFPIE, 25 PREGTE A2 IR 1 Al
70 GC-MS 73 #t R HGUAATR TS [J]. PR
222020, 10(19): 78-82.

[38] WitigRiE, ®St, HEIF, & MR LN KA
(1. FEZYIM L&, 2009, 19(4): 276-279.

[4] ®#, AET, 25, & WA R 2t 22 s
WAL [J]. "HZH, 2022, 45(4): 866-869.

[5] Willuhn G, Westhaus R G. Loliolide (calendin) from
Calendula officinalis [J]. Planta Med, 1987, 53(3): 304.

[6] ZhaoYR,WuY S, De Clercq P, et al. Asymmetrization of
all-cis-3, 5-dihydroxy-1-(methoxycarbonyl)cyclohexane
and of the 4-methyl and 4-ethyl substituted homologues
[J]. Tetrahedron Asymmetry, 2000, 11(19): 3887-3900.

[7] Chen S, Hossain M S, Foss F W Jr. Organocatalytic dakin
oxidation by nucleophilic flavin catalysts [J]. Org Lett,
2012, 14(11): 2806-2809.

[8] Han C, Huang Z J, Zheng C, et al. Nitric oxide donating
anilinopyrimidines: Synthesis and biological evaluation as
EGFR inhibitors [J]. Eur J Med Chem, 2013, 66: 82-90.

[9] CaoY X, Silalai P, Liu CF, et al. Hypervalent-iodine(III)-
mediated tandem oxidative dearomatization/aziridination of
phenolic amines: Synthesis of functionalized unactivated
aziridines [J]. Chemistry, 2021, 27(33): 8473-8478.

[10] Kokotos C, Sideri I, Voutyritsa E.
photoorganocatalytic
arylboronic acids [J]. Synlett, 2018, 29(10): 1324-1328.

[11] YangBY, Guo R, Li T, et al. New anti-inflammatory with

Green

synthesis of phenols from

anolides from the leaves of Datura metel L. []]. Steroids,
2014, 87: 26-34.
[Fricsmit I AF]



