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Study on phenylpropanoids in whole plant from Ferula bungeana
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Abstract: Objective To clarify the chemical constituents of the petroleum ether extract from the whole plant of Ferula bungeana.
Methods The chemical constituents of petroleum ether extract from the whole plant of F. bungeana were studied using classical silica
gel column chromatography and thin-layer chromatography. The spectral data of the isolated compounds were analyzed to determine
their structures. Meanwhile, by examining the effect of the isolated compounds on nitric oxide (NO) release in the culture medium of
RAW?264.7 macrophages induced by lipopolysaccharide (LPS), their inhibitory effect on inflammatory responses was evaluated.
Results From the petroleum ether extract of F. bungeana whole plant, eight compounds were isolated and identified as 1-
isoprenyloxy-1-(3'-hydroxy-4',5"-methylenedioxy)phenyl-2-angeloyloxy-phenylpropane (1), myristicin (2), crocatone (3),
diversivittatin (4), 2-epilaserine (5), 1-hydroxy-1-(3"-methoxy-4',5"-methylenedioxy)-phenylpropane (6), 1-hydroxy-1-(3',4"-
methylenedioxy-2',5"-dimethoxy)-phenylpropane (7), 1-carbonyl-1-(3'-hydroxy-4',5-methylenedioxy)-phenylpropane (8). The
activity screening results showed that compounds 1, 4, and S exhibited good NO inhibitory activity at a concentration of 10 umol/L,
with inhibition rates of 78.5%, 85.9%, and 79.0%, respectively. Conclusions Compound 1 is a new compound, named ferubundiester;
Compounds 2 and 5 were isolated from F. bungeana for the first time, and compounds 4—8 were obtained from plants of the Ferula
genus for the first time. Compounds 1, 4, and 5 exhibit similar potent anti-inflammatory activity.
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FIE BRI IE A 25 Fh, 72 T0msE,
FRRAENSE . HN T, TUEEA XA oAl
BB HE AL 2 o FEON R - SR E S
Y. RABES. fPmie. TSR A HARSRAERS), B
APIRW, HUEMS, PR, FERAEEHEIEAY)
s

IR A Ferula bungeana Kitagawa, X 44 fifi i
B, RIERA HEZGHMERSREY 2 —,
DI, Bl FINZ, fENSE ARV ERLX
AR, BRIRFE, (H AL Ry R L EHRE
VR ZH A SAC-10T R T B 4 2 — U e ) v
AR 34 MEEY), Horb 20 MRS -EFE R
FAEWED . 5B A NMEIRE. 3NMEER
K2 e VA, R AL R 1E A0 2 REAH
KITIRIBIT A REMR, HARNAR KN . 8
WA T AT IRPTRTEIERIRY), ARSI DT
T 4 A TR DU AL 7 By S s E YRR AT A
o o ERE 8 MIRWERWED, 45 1-57 %

-
P P
5
o~ o g
3
1,0 1'-‘ ‘ 0 0 | P e \ 0 o
372 o OH H
1 o) (0] o O\
3 o ~ ~
~, 0 (0] o) (0} ~
° P O\/O o—/ oJO "o o o ° o Ho o
o/ o/ o)
1 2 3 4 5 6

IR B 1-3- R 40,5 A ) R -2- 2
Mt 4 & A %t [l-isoprenyloxy-1-(3'-hydroxy-4',5'-
methylenedioxy)phenyl-2-angeloyloxypropane, 1]+ Al
5kl (myristicin, 2). R KFEH (crocatone,
3). diversivittatin (4). 2-epilaserine (5). 1-F2J&-
1-(3"-H 4 Jk-47,57- 37 HY 30 ) K 6 P 6 [ 1-hydroxy-
1-(3"-methoxy-4',5'-methylenedioxy)-phenylpropane ,
6] 1522 1-(3" 4= HH AU dk-27,5- — AU AL N ot
[1-hydroxy-1-(3',4’-methylenedioxy-2’,5"-dimethoxy)-
phenylpropane, 7]+ 1-#kJ&-1-(3'-F83E-4,5"- . F 4
o)y K B N B [1-carbonyl-1-(3"-hydroxy-4',5'-
methylenedioxy)-phenylpropane, 8], Z5# WK 1. H
TS L EY), AN EE Tl LS
W2 K1 3 e NI T B oy B AR B, A& 4~
8 YINE MBI EEYI T Be s, B HE 8
MIRNIEREWE PN NEZ BE (lipopolysaccharide,
LPS) 15 G/ il RAW264.7 EIREAR AR 7 b — 4
RIS RIFEE , PEAN HX A S B R

_/O o/ o—/

1 L& 1~8 NG

Fig.1 Structures of compounds 1—8
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Bruker AVAIVCEIII 500 A2 He PRk v A ({2
Bruker /A7) ); Waters xevo G2S Q-TOF-MS Jiii it
1 (ZE[E Waters A 5] ); IRXross LAY (HA
EEEA T )5 UV-1300PC BUELAMAT WL Ae e T (
BN A RA FD; AUW220D BUHF R (H
A By s NU-5710 B! % id% 7248 (32 1E NuAire
AF)); Spark ZIIREREFAMY (it Tecan AF]D;
DMil 818 Bk K EMAS(LEHRAHR];
LC-4012 AU B O CRBrRR RS TR
AT]); HYCD-290 MIEEFAA R (FFEW/RA
A]); SX-700 B AV UK R (HA TOMY 2],

RAW264.7 EWEA A A [E R} 52 B F i 20 A
) JafEiiE (FBS, 3 Gibeco 47]); DMEM
EER IR (E[H Gibco AF]); HER-HEHEEREN

Pt (£H Gibco AF)); —HETHK (DMSO, dbit
FRERAH R AT —E M ERNEH & CGER
RAEDBEAREGIRAFD; HZAEER . ISR
G BT s airaifamit (60~90 C).
BEIR B PR Obe COREERRA =T .

WO TH B A B AR T A 5t o i R A7 S R AR
Y, 2R G RIERYZHEHFRFAFE A8
RIS e TR B S AR T A A . A
i (4’5 20230525) fRA7T A& IR 5 R 2
e 5 2y i AR S = AR
2 RESSE

W A4 5 2.0 kg, F 10 £ 8 K40 Tk R4
W3k, ®RHR 2h, BIFREEGR, 8% BICH i,
BRAMBHEIY (298 ), HAERN 14.9%.

PRI 1 A A B E) 260 g, TN AR
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M-S P heidfE, B, WRENDERE, HEFE
BI5], AT . FBERERE SRS 2N O3S 0
PR i, SR PR CE-BE IR £ (100 & 1~
10 0 1) FHATHEEEYENL, BEME LA 500 mL 4 1 4,
BERIWCAER 2T, B S BRisi, Wils TLC
K& A, 1328)5 Mg (Fr. 1~5).

Fr.1 (13 g) LR RE, DA OkE: B
fis (100 @ 1) ¥, fSE4LEY) 2 (31 mg). BEE
Wedi 2 SmL, LUAMBE-BSEE QR (21 0 D NEFF
A, HEZEEEETHE, FEM0EY 3 (58mg).
Fr. 2 (26 g) SRERATE GBI, DAFF CUki-BE R £ Bk
(100 © 1) e, PeMiyss TLC A& 3 F 5540
HARIE T, 534LEY 4 (3g). Fr.3 (30g) 4k
JRAE IS, DA Cbe-BEER ClE (80 @ 1) BEML, ¥k
R4 TLC fill, 43BA 2 4 (Fr. 3A. 3B). Fr.
3A (13 @) LRERAE 3, DAFA CUbe-Bis R R (90 -
D el PEBRE TLC RA IEAHERR 2y, HAR
i+, BEMLAEYS (5¢); Fr.3B (2g) & H
bridie, WA, WCAATHER-BEER 488 (150 1D
RN, HATEE Gk, BBENEY 1 (49
mg). Fr.4 (4g) SERMFENE, DI COH-EK O
fig (60 : 1) Pefii, PeMlE TLC &, 7BCRN 2
f (Fr.4A. 4B). Fr.4A (128 mg) FlFr.4B (214
mg) AN SR E W, VR DA T -
R R (10 2 1) NahAE, 72 A, 19
FtbEM 6 (25mg) A7 (18 mg).

Fr.5 (1.3 g) ¥FEEEEN Q2 I AR A (i,
PR Ce-BERR B8 (20 @ 1) ¥efii, ¥El& TLC
KA AR5y, FEIRAEE 2 mL,  PAA k-
TR CHE (701 NahE, H#EEEISETH &,
BEMAEY 8 (16 mg).

3 HEE

WEY 1. BEEWRY, SET &k,
B4 ¥R 2,18 %% . HR-ESI-MS m/z 391.177 2 [M+H]*
CiF&EAE 391.175 7, CuHz07), ##R7FiN
C11H2607. UV (MeOH) Amax (nm) (log €): 219 (4.17).
IR (KBr)if& #17F 1720, 1228, 1150 cm™' A5 5%
Wb, SRR EY 1 LT BRIRIEAEE, Ask
£ 1633, 1606, 1512 cm™ AW icis, #5871k
E W L BISE R U RN 2R ER A AE

'H-NMR i¥ (500 MHz, CDCl;, % 1) g5
T 2 AN EUAR I 5 i F15 5 016.56 (1H, brs, H-
2) F1 0n6.59 (1H, brs, H-6"), 2 4™ sp? 224k (4 2 i

=1 &4 189 H-NMR 5 12 C-NMR ##E (CDCL,

500/125 MHz)
Table 1 'H and '*C-NMR data for compound 1 (CDCls,
500/125 MHz)
{30 S Je
1 5.73 (1H, d, J = 6.5 Hz) 76.4
2 5.31 (1H, m) 714
3 1.17 (3H,d, J=6.5Hz) 16.8
1 — 131.9
2 6.56 (1H, brs) 106.9
3 — 1435
4' — 135.2
5' — 148.9
6' 6.59 (1H, brs) 101.7
1" — 165.4
2" 5.72 (1H, s) 115.6
3" — 158.0
4" 2.14 (3H, s) 20.3
5 1.90 (3H, s) 275
1 — 167.3
2" — 127.9
3™ 6.08 (1H, m) 137.9
4™ 1.98 (3H, dd, J=7.0, 1.0 Hz) 15.7
5 1.87 3H, s) 20.6
-OCHs 3.91(3H, s) 56.6
-OCH:0- 5.98 (2H, s) 101.6

155 ou5.72 (1H, s, H-2") Al 6y 6.08 (1H, m, H-
3", BtAh, 'H-NMR HEg5 H 5 MR 5,
43 H{E onl.17 (3H, d, J= 6.5 Hz, H-3), 1.87 (3H, s, H-
5", 1.90 3H, s, H-5"), 1.98 (3H, dd, J = 7.0, 1.0 Hz,
H-4""), 2.14 (3H, s, H-4"); 1 MHEERTES ou
3.91(3H, s, -OCH3), | ML H — 5 7155 01 5.98
(2H, s, -OCH,0-) il 2 MEFHRKHFETTES on
531 (1H, m, H-2), 5.73 (1H, d, J= 6.5 Hz, H-1). 'H-
NMR A% 2857 7 FH i 7 iicsid HSQC S5 BH
ko

BC-NMR i (125 MHz, CDCl;, # 1) HHZ5H
1 HF5EWAZ S 0¢ 101.7 (C-6") 106.9 (C-2). 131.9
(C-1. 1352(C-4"). 143.5(C-3), 148.9(C-5") K 1
NG S oc 16.8 (C-3). 71.4 (C-2) H176.4 (C-
1), F7E HMBC i+ 6y 1.17 3H, d, J=6.5Hz) 5
C-1(6c 76.4)F1 C-2 (6c 71.4) #H5%, on 5.31 (1H, m,
H-2) 5 C-1'(5c 131.9) %, $Rgst R LEN
fEAE. 34, BC-NMR SERIHIE g 1 2 TR
FERRIF S o 15.7 (C-4"), 137.9 (C-3"), 127.9 (C-2"),
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167.3 (C-1"") F120.6 (C-5"") F 1 N5 )ik 8
WSS 6c 20.3 (C-4"), 158.0 (C-3"), 115.6 (C-2"),
165.4 (C-1"),27.5(C-5"). [Ny, 25t 1 A&
A5 oc 56.6 ((OCHs) F1 1 NI A ES
¢ 101.6 (-OCH,0-).

ERAAEY) 18 NMR 4 5 Gk kaE i) 2-
epilaserine™ EAA ML, Br TH#EET C-1 1 1 14
AW IS G, BUMARZ A2 1 AN e S
WEW 1 WP gt 28 2 HMBC it — 25
iE. £ HMBC i (& 2) #1, 013.91(-OCH3) 5 dc¢
143.5 (C-3") AR, $&m AR TR 347 5
01 5.98 ((OCH,0-) 5 d¢ 135.2 (C-4') F1 148.9 (C-5)
FHOG, HRR T AR EREEAE ORI 4 565 Ou
531 (H-2) 5 dc 167.3 (C-1"") A3, i 5.73 (H-1)
5 6¢165.4 (C-1") AHR, o7 Fe M I e i 4% T
RPIREI 1AL, T2 AR A S T 2R R 2 £

iy

/V

2 A1 K% HMBC 1 NOESY #H%
Fig.2 Key HMBC spectrum and NOESY spectrum of

compound 1

A 11 C-1 R C-2 FIRH XS A 28 S 38 3 S ik
B B A OCH R LU K 456 NOESY 3 1 7347 -
7E NOESY i (E2) #, 6ul.17 (H-3e) 5 5.31(H-2)
FIZ%, 531(H-2) 5 5.73 (H-1) #15%, #25 H-1 1 H-
2 AR AR o B A9 1 XA 2R o) b
SIS ST BT R g — e . 4RR,
A1 FISEE R A S 1S 2R MR R
BlIEEEIE (B 3D SSCHRR R AR WSCHRARE 3T
WEY, fis NPIEA —Hs (ferubundiester) .

WEY 2. W OWRY, SET &P,
R WL 2 WE 54 LA 7). "H-NMR (500 MHz, CDCl3)
J: 6.41 (1H, brs, H-6"), 6.37 (1H, brs, H-2"), 5.95 (2H,
s, -OCH,0-), 5.93 (1H, m, H-2), 5.09 (2H, m, H-3),
3.91 (3H, s, -OCH3), 3.32 (2H, d, J = 13.0 Hz, H-1);
13C-NMR (125 MHz, CDCls) §: 148.8 (C-5"), 143.5 (C-
3"), 137.4 (C-2), 134.6 (C-1'), 133.2 (C-4"), 115.9 (C-
3), 107.6 (C-2"), 102.7(C-6"), 101.3 (-OCH,0-), 56.5

10 Exp. ECD of M1
8 Cal. ECD of (1S,2R)
6 = = =Cal. ECD of (1R,25)
'
52
5 0
:; -2
-4
—6 (%3
-8
-10
200 300 400

A/nm

3 a1 EITEMLE CD ik
Fig.3 Calculated and experimental CD spectra of

compound 1

(-OCH3),40.3 (C-1). 5 CHRIFIE
W 2 G e

WEY 3: RIEMRY, ZIET &b
Bil2 CER5EA HLAF] . '"H-NMR (500 MHz, CDCl3)
8:7.23 (1H, brs, H-2"), 7.09 (1H, brs, H-6"), 6.02 (2H,
s, -OCH,0-), 3.91 (3H, s, -OCH3), 2.90 (2H, m, H-2),
1.18 (3H, t, J = 7.5 Hz, H-3); BC-NMR (125 MHz,
CDCl3) d: 198.8 (C-1), 148.8 (C-5"), 143.4(C-3"), 139.4
(C-4"), 131.8 (C-17), 108.4 (C-27), 102.5(C-6"), 102.3 (-
OCH,0-), 56.5 (-OCH3), 31.6 (C-2), 8.41 (C-3). 5
PR IERSINT R, % a3 IR E K .

WEY 4 RFECHRY), HIET ZEHF b
BEEE 2B A WL . "H-NMR (500 MHz, CDCl3)
J: 6.52 (1H, brs, H-6"), 6.51 (1H, brs, H-2"), 6.03 (1H,
d,J=7.0 Hz, H-2"), 5.89 (2H, s, -OCH,0-), 5.61 (1H,
t, J=7.0 Hz, H-1), 3.86 (3H, s, -OCH3), 1.96 (3H, d,
J=7.0 Hz, H-1"), 1.90 (1H, m, H-2a), 1.88 (3H, s, H-
5", 1.77 (1H, m, H-2b), 0.87 (3H, t, J = 7.5 Hz, H-3);
I3C-NMR (125 MHz, CDCL3) d: 167.1 (C-4"), 148.9
(C-5%, 143.3 (C-3"), 137.9 (C-2"), 135.5 (C-1%), 134.6
(C-4", 127.9 (C-3"), 106.4(C-2"), 101.4 (-OCH,0-),
100.5 (C-6"), 77.0 (C-1), 56.5 (-OCH3), 29.6 (C-2), 20.6
(C-5"),15.7(C-1"),9.96 (C-3). 5 3CHkfEnIx}HE,
KEMNAEW) 4 N diversivittatin.

B 5: RIEEHRY, ZIET &b
Fit 5 B 547 VA . 'TH-NMR (500 MHz, CDCls)
J: 6.60 (1H, brs, H-6"), 6.57 (1H, brs, H-2"), 6.10 (1H,
d, J=7.5 Hz, H-2"), 6.05 (1H, d, J = 7.5 Hz, H-2""),
5.96 (2H, s, -OCH,0-), 5.81 (1H, t, J = 7.0 Hz, H-1),
5.38 (1H, t,J= 7.0 Hz, H-2), 3.89 (3H, s, -OCH3), 1.99
(3H, d, J = 8.0 Hz, H-1"), 1.95 (3H, d, J = 8.0 Hz, H-

Maxf i, EEd
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1), 1.89 (3H, s, H-5"), 1.86 (3H, s, H-5"), 1.19 (3H,
d, J= 6.0 Hz, H-3); 3C-NMR (125 MHz, CDCl;) §:
166.9 (C-4'"), 166.5 (C-4"), 149.0 (C-5"), 143.5 (C-3"),
138.9 (C-2"), 138.1 (C-2"), 135.5 (C-4"), 131.6 (C-1"),
127.7 (C-3"), 127.4 (C-3"), 107.3(C-2"), 101.6 (-
OCH,0-), 101.5 (C-6"), 77.0 (C-1), 71.2 (C-2), 56.5 (-
OCH3), 20.4 (C-5"), 20.3 (C-5""), 16.7 (C-3), 15.7 (C-
1),15.6 (C-1"). 5 CRAIRELIN IR, EE & 5
A 2-epilaserine.

WEY 6: W OWARY), HiET &,
BEES . BE 25 E WL . "H-NMR (500 MHz, CDCls)
0: 6.55 (1H, brs, H-6"), 6.53 (1H, brs, H-2"), 5.97 (2H,
s, -OCH,0-), 4.51 (1H, t, J= 7.0 Hz, H-1), 3.92 (3H, s,
-OCH3), 1.82 (1H, m, H-2a), 1.71 (1H, m, H-2b), 0.92
(3H, t,J=7.5Hz, H-3); '*C-NMR (125 MHz, CDCl5)
J5: 148.8 (C-5"), 143.5 (C-3"), 139.5 (C-1"), 134.4(C-4"),
105.3(C-2"), 101.4 (-OCH,0-), 100.1 (C-6", 76.1 (C-
1), 55.9 (-OCH3), 31.9 (C-2), 10.2 (C-3). 5 CHRIR
B E, %A 6 N 1-5835-1-3-FFES-
475" 7 H AR B R EE T e

WEW 7. WEEHIRY, ZET & H L.
iR IR %A BT . 'H-NMR (500 MHz, CDCls)
d:6.52 (1H, s, H-6"), 5.98 (2H, s, -OCH,0-), 4.75 (1H,
t,J=7.0 Hz, H-1), 3.94 (3H, s, 5-OCH3), 3.88 (3H, s,
2"OCH3), 1.80 (1H, m, H-2a), 1.73 (1H, m, H-2b), 0.97
(3H,t,J=7.5Hz,H-3); '*C-NMR (125 MHz, CDCl;)
5: 139.1 (C-5'), 138.3 (C-4"), 135.9 (C-3"), 135.6 (C-2"),
129.8 (C-1'), 105.5 (C-6"), 101.7 (-OCH,0-), 72.0 (C-1),
60.1 (5-OCH3), 56.9 (2'-OCH3), 31.1 (C-2), 10.5 (C-3).
ESCHRGERINTIE, B 7 N 158 HE-1-(3 14
T RS2 5 T AR I R A

WEY 8: W EWARY), ST &,
Bt A WLV . "TH-NMR (500 MHz, CDCls)
d:6.63 (1H, brs, H-6"), 6.58(1H, brs, H-2"), 5.89 (2H, s,
-OCH,0-), 4.73 (1H, t, J = 7.0 Hz, H-1), 2.80 (2H, m,
H-2), 0.96 3H, t, J = 7.5 Hz, H-3); 3C-NMR (125
MHz, CDCl;) 6: 198.1 (C-1), 149.5 (C-5"), 144.8 (C-
3"), 137.2 (C-17), 135.3 (C-4"), 106.5 (C-2"), 101.8 (-
OCH;0-), 100.6 (C-6, 33.3 (C-2), 9.90 (C-3). 5L
BRI TERTN I, B G 8 O 1-FRHE-1-(3-FR J-
475" NP H AR B R B T e
4 IMRTEMENE

P SCRR 5 U8 T LPS 55 RAW 264.7 4l

A EARR Y o 6 FLARCEEFLINN 2 mL 4 i B (R
4 X105 NRRIFL) , 5 S F AR A 4R M3 51 73 A o
JIN 37 C. 5% COA57%4H, HRERIFF 24h (1k4H
i 5e ANk EE, IEAKIRE) o 24h 4L AT
areH, 7S VA T ZE RE A B 6 FLARURR RN 37 °C .
5% CO57746, [A—IKEW 3 NEIL (AT 3
WO, R, FERARFLIN LPS 5 (ZKREN
20 pg/mL) , §¥E 24h. B 6 LR, HEfLLEE
MRS 15 mL B0 GBS fil Rl 7L BN, B 41
M) , 4 ‘C. 1500 r/min &.0> 10 min (ELRRDETE
PRI B o FHAS BRI ES O J5 1 B3R 2 mL,
R ETH EP &, dicdlml. BUA— 96 FLIR, K
YA 50 uL R Y NaNOAR#E R, &4 3 4
L. BFLIN 50 pL 408 L35, i 50 uL Griess
A, FI0 50 uL GriessIIikif, J82), FHEEFRXAE
540 nm AL E RO (A {H, 3% TRk T77ER
THE Y LB NO IRFE . SEIR4s R R, 7610
umol/L KN, A 2. 3. 6~8 KRE/RIHEE
P, (HALAY 1. 4 A1 S B RUFH NO #IHvE M,
HANH 2558 78.5% 85.9%F1 79.0%.
5 g

KB B A el - R A LAY f 31
JREYIMRHEE RS, R EATR. brE kit
R 5 1 T 0 2o AR A I 300101 MR T A 4
AR BRI R B 20 MELE-F E R
GHEY, o LA EGE D . AR FUE KD E
LA MBS IAT B e, 158 15 M
EW, Hoh 8 MRS, HAh N & Fhide
oy BR 2L, 2 ANREITER 3 MR 2
MEEER. SN RAREBUEY, HPhEm1H
Wik &y, Hap 7 MY EEF AR IR0 A
3, [N, HJE RAW264.7 SRR, 280y
AR E] 8 ANIRALLIINE] NO ARG, 1AW 1,
4 15 7E 10 umol/L ¥ FE 5% LPS i 3 1) RAW 264.7
/N BRI T A AR | RO KA NO SIS T

RBRR FHAGHEHEAREEHN B E

S E Lk
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