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SRR A 1~3 AT TR R G TR IE, 25 BB IRTE 10 pmol LR EE R, AW 1~3 HAT A A #5219
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Abstract: The chemical constituents of petroleum ether extracts from the whole plant of Ferula bungeana
were isolated using chromatographic techniques such as SiO,, Sephadex LH-20, and thin-layer chromatography.
Their structures were determined through the analysis of their spectral data. Five sesquiterpenoids were identified
from the petroleum ether extracts of Ferula bungeana whole plant, namely buntone A (1), caryophyllene oxide (2),
eudesol (3), mesoferulone (4), and jaeschkeanadiol (5). Among them, compound 1 was a new sesquiterpene
lactone, while compounds 2 and 3 were isolated for the first time from the genus Ferula. Compounds 1-3 were
screened for in vitro anti-inflammatory activity, and the results showed that compounds 1-3 exhibited varying
degrees of NO inhibitory activity at a concentration of 10 umol-L", with inhibition rates of 89.8% =+ 1.2%, 76.4% +
0.8% and 80.4% =+ 0.9%, respectively.
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Figure 1 Structures of compounds 1-5

FER5R
1 HHWEE

WA A B AFEE, BT LR OB VF R LR
LR . HR-ESI-MS E3 th 25 tH— 4~ [M+Na] 1)
#HE 5 7 B T U6 h m/z 367.148 9 (caled. for C,,H,,0,Na”
367.152 1), #fi € H 43 1 XN C,H,,0, NEFIEEHN 9.
IR (KBr) {1 #E 1 72141 232 F1 1 148 em™ kb4 5 I i
W, SR B 1 IS5 R R B EE AR AE, SHAME 1 648,
1609 11 515 em™ AL A Wit 3B 146 &4 1 14514
HH U I R I IR A AE

'H NMR i¥ (500 MHz, CDCI,, % 1) 451 7 24
R 1155 0, 6.23 (1H, q, J = 7.0 Hz, H-3") f16.18
(1H, s, H-3). JE4h, "H NMR HIE %5 H 5 AN 3 115
5, A AAE 5, 1.60 (3H, s, H-13), 1.90 (3H, s, H-5"), 2.02
(3H, d, J=17.0 Hz, H-4"), 2.27 (3H, s, H-14), 2.31 (3H, s,
H-15); 2 /ML 55 715 %5 6, 2.80 (1H, m, H-9a), 2.41
(1H, m, H-9b), 2.13 (1H, m, H-8a), 1.88 (1H, m, H-8b);
3IAMWH AT F1E5 0, 2.92 (1H, m, H-7), 3.74 (1H, d,
J=11.5 Hz, H-5), 4.77 (1H, dd, J = 11.5, 9.0 Hz, H-6).
'H NMR Hix 26 J57 - 157 44 i ik HSQC S 56 B i
&€ -

“C NMR ## (125 MHz, CDCl,, & 1) 45 — 4

Table1 'H (500 MHz) and >C NMR (125 MHz) data of compound
1in CDCI,

No. oy O
1 - 128.1
2 - 196.0
3 6.18 (1H, s) 135.2
4 - 170.6
5 3.74 (1H, d, J=11.5 Hz) 473
6 477 (1H, dd, J=11.5, 9.0 Hz) 82.2
7 2.92 (1H, m) 452
8 2.13 (1H, m) 21.5
1.88 (1H, m)
9 2.80 (1H, m) 39.2
2.41 (1H, m)
10 - 148.8
11 - 79.4
12 - 174.4
13 1.60 (3H, s) 20.3
14 2.27 (3H, s) 20.2
15 2.31 (3H, s) 19.9
I - 166.7
2 - 126.5
3 6.23 (1H, q,J= 7.0 Hz) 141.5
4 2.02 (3H, d, J=7.0 Hz) 16.1
5 1.90 (3H, s) 20.4

1% 2 i P BS B 2R RRAS 5 O 128.1 (C-1)+ 196.0 (C-2)-
135.2 (C-3).170.6 (C-4).47.3 (C-5).82.2 (C-6)-45.2 (C-
7)< 21.5 (C-8). 39.2 (C-9). 148.8 (C-10). 79.4 (C-11).
174.4 (C-12).20.3 (C-13).20.2 (C-14).19.9 (C-15). 7E
HMBC % (&2) #5,2.27 (H-14) 5 C-1.C-2.C-9F1 C-
10403, 2.31 (H-15) 55 C-3.C-4 f1 C-5 #3%, 6.18 (H-3)
5(C-2.C-1.C-4.C-5 M1 C-15 45, 1.60 (H-13) 5 C-7.
C-11 M1 C-12 #3%, 4.77 (H-6) 5 C-4.C-5.C-7.C-8.C-
11 A1 C-12 #1295, 34 '"H-"H COSY % (& 2) * H-5/H-6/
H-7 #H5¢, H-9/H-8/H-7 A%, $& 7~ &5 1) v A% 2 i A IR 1)
FAAE. 34, PC NMR B! IS 1A 4 VAT S ik
{55 0, 16.1 (C-4")+141.5 (C-3").126.5 (C-2)-166.7 (C-
1) £1120.4 (C-5"), 7 HMBC i (4 2) # 6, 2.02 (H-4")
5 C-3'A1 C-2' /5%, 1.90 (H-5") 5 C-1'.C-2'F1 C-3'#
R, BE—IDAUESE T 454 1A 2 IE B A R AR AE

= 'H-'H COSY
~—~  HMBC

Figure2 Key 'H-"H COSY and HMBC correlations of compound 1

B 1T e R AR OS2 e A 5
U T Je NOESY SE46 i i€ 1) . £ 'H NMR i 1 H-5 (5,
3.74,d,J=11.5 Hz) f1H-6 (6, 4.77, dd, J = 11.5, 9.0 Hz)
) BB G U TR R H-5 5 H-6 U &,
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H-6 5 H-7 NI s 4H A7, 78 NOESY i 7 H-7 5 H-6
FHOG, H-7 5 H-8B MK, PLHAX L il v B A LAl 53
&b, fENOESY i H-5 5 H,-13 M1 9%, H-8a 5 H,-13 ]
R, YLK L T A o BUA"Y . AL R Y
T IS S S v SR L T iR e . 2
RRW, AW SEE T [/ 3% 5 55,6R,7R,11R
MR ) E A (B 3). & SCHRET 2R I
& 1E AL &9, Ay 44 4 buntone A
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Figure 3 Calculated and experimental CD spectra of 1

2 AY1~3 BE MR

CCK-8 45 JL i 7 40 M A7 35 26 51 T 90.1% + 1.5%,
IR E T W] 40 Bk .

iz i 2 B51% S /) BB 2 i RAW 264.7 20E
BRI T A A ) 1~ 3 BP0 NO A i 1t . SEa6
g R IR, 75 10 pmol LR E T, (b & 1~3 A G A
[F) 42 B2 1) NO # & P, #8122 53 53] 89.8% + 1.2%
76.4% + 0.8% F1180.4% % 0.9%.

SLIGER S

Bruker AVAIVCEII-500 %! 1% B 35 41R 7 154X (TMS
W5, 1% [ Bruker 23 @); Waters Xevo G2S Q-TOF-MS
Ji i A (35 [ Waters A4 A]); IRXross £ 4h 6 1% {3 Al
AUW220D B! 1§ K ~F (H A &3 2 Al); UV-1300PC
B2 Ah AT L 43 6o B (SR AT AR A IR A A,
NU-5710 B! % b i 7248 (32 E NuAire A 7); Spark
£ I REBE bR AL (3 £ Tecan A #]); DMl 8] & & 6
[Tk R EM ARG (L) A RA R LC-4012 1% 25 O
B (2 @b R AR A AR AT IR A 7)), SX-700 15 [ 7%
RKHEH (HA TOMY A 7). RAW264.7 F 141 i
(b [ B2 B A ), LPS (Ab s R ERBH IR
2 &, 818E035); Jii 4F 1 i (3% [® Hyclone 2 & ,
SH30406.05); DMEM = i 15 7% % (32 [E Gibco 2 #],
812557); Griess ik /fll (E = RAEMH KGR A A,
S0021S); # 2 ik i A A ERE R (F Sk T
J7); 3 T 4iiA i ik (60~90 °C). 4R B ¥R B e (R
AERAG AT ).

R0 T 5 A B R AR T N 52 0 L T R JE AR
B, 2NE N RIERFREAFRFHY A8 R
REFENCTERMBRBEEDDEHEN 2R (R
20230525). FE S AORAT TN 58 RO K 22 56 PR 24 B
FAEH AL RS
1 RRSE

WO T A 4 5 2.0 kg, FH 10 35 5 (10 A3 i Tk (] 37 2 B
20K, FEIR 2 h, A FEHR B, 80 B T TRE, 15 30
EEHEEL) (86 g)o MRHENAD 1 B A1 i k2 X4 80 g, A1
MR- 2.8 £ T (2011) 1B -& RIS &, VAR, i B
RS, BT . AIRIEREFE S AR N B 2
U PR A i, FH A v ik — 2R 418 (1002 1~20°1)
HEATRA E BRI, W43 LA 500 mL o —4, F4 TLC ¥
G IARIER o, 152 3N (Fr. 1~3).

Fr. 1 (5.8 g) NS HFFiidE &, M, nb s akEi
FE, FIRIESE N CRE 0 R R A €%, DU i i — 2 PR
G (702 1) e, We B4 TLC AW, 43 BE R W6 4
(Fr. 1A f1 Fr. 1B). Fr. 1A (109 mg) J — & 1 45238 &,
WA, IR Clsi- 212 2.8 (18:1) NJEIFHI, Fl TLC#k
1T 4%, SRBALE Y2 (16.7 mg); Fr. 1B (349 mg) hi —
A bIE &, W, I Ol- 2R 4B (15:1) ~ETF
A, F TLC #EAT il %%, R34 &% 3 (25.3 mg). Fr.2
(13.8 g) FH & H e i SIS MR, R om /b s REAR, #F
FEIR B 1 he FHRIEICHERE G IR SN C 238 07 IR
FEGE, LUA MR- 28R 2.0 (501 1) et B0 e i &
N 100 mL, A Jié e 25 A AXCTRIC I 57 282, i — &0 e
5mL, P RVETR . A VEIE RS TR ER L,
TN T NN VT (W= S N1 B2 W B o o
G E S, BRI A4 (64.5 mg). BRI e
AR RAGRAE 2 1 mL, FBANE & S TR EER
b, U k- 4R OB (100 1) AR, BIF, B
e R R, BRI T, 23 ZE R Z) 1 em 5 10%
BRIR £ B VA0, A €6, 1) H REAE AR [R] 67 &, 9
AR T 4 REEL A 5] A7 B A RE R, TN B AR H, &
B G BB, W B B 2 T, N & S b
WAk, WWOCE R, BB E Y S (14.6 mg). Fr.3
(7.8 g) IHid & & e R, /b BRI FEAE, FIBE
BN CL B U IO RE A €, DU S E - 2L 1R .18 (201 1)
e b, eI 22 TLC far I FF 48 [8] 58 43, B 77 &2
To BRI A H B 10 mL, ¥R, 1% 4 Sephadex
LH-20 #: i, DL H - EE (101) WA s, vt
JB 9 A TLC R 4 FF AH [ 38 43, OB %, 3 26 &
Y11 (38.4 mg).
2 RIEHIRE

A1 A Gk, UV (MeOH) ,,: 215, 239,
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252 nm; IR (iTR) v, 1718, 1651, 1 521, 1 384, 1 230,
1119 cm™; HRESIMS m/z367.148 9 [M+Na]" (C,,H,,O.Na’,
i+ & 4 367.152 1); '"H NMR (CDCl,, 500 MHz) FI
C NMR (CDCl,, 125 MHz) $#i W% 1.

&9 2 2 Al 44 ; "H NMR (500 MHz, CDCL,)
8: 0.96 (3H, s, H-15), 0.98 (2H, m, H-3), 1.03 (3H, s, H-
14), 1.19 (3H, s, H-12), 1.29 (2H, m, H-7), 1.33 (2H, m,
H-6), 1.39 (1H, m, H-2a), 1.57 (1H, m, H-10a), 1.63
(1H, m, H-2b), 1.71 (1H, m, H-10b), 1.78 (1H, m, H-1),
2.59 (1H, dd, J = 7.0, 13.5 Hz, H-9), 2.87 (1H, dd, J =
4.5, 10.5 Hz, H-5), 4.79 (1H,s, H-13a), 4.89 (1H, s, H-
13b); "C NMR (125 MHz, CDCl,) 6: 50.4 (C-1), 27.5 (C-
2), 38.9 (C-3), 59.3 (C-4), 64.1 (C-5), 30.7 (C-6), 29.4
(C-7), 149.9 (C-8), 48.1 (C-9), 39.3 (C-10), 33.8 (C-11),
16.8 (C-12), 113.1 (C-13), 21.3 (C-14), 29.6 (C-15). 5
SCHRUIT R, %558 1 &9 2 caryophyllene oxide .

A9 3 8 Al 4 ; "H NMR (500 MHz, CDC,)
8: 0.60 (1H, dd, J = 9.5, 11.0 Hz, H-5), 0.77 (1H, m, H-
4),0.99 (2H, m, H-4), 1.02 (3H, s, H-14), 1.06 (3H, s, H-
15), 1.28 (3H, s, H-12), 1.37 (1H, m, H-6), 1.60 (1H, m,
H-8a), 1.68 (1H, m, H-9a), 1.78 (1H, m, H-8b), 1.89
(1H, m, H-9b), 2.01 (1H, m, H-2a), 2.18 (1H, m, H-10),
2.48 (1H, m, H-2b), 4.69 (2H, br d, J = 13.0 Hz, H-11);
“C NMR (125 MHz, CDCL,) d: 151.6 (C-1), 39.0 (C-2),
25.1 (C-3), 27.7 (C-4), 29.6 (C-5), 54.5 (C-6), 79.8 (C-
7), 42.0 (C-8), 27.0 (C-9), 53.5 (C-10), 105.8 (C-11),
26.3 (C-12), 20.5 (C-13), 16.3 (C-14), 28.5 (C-15). 5
SCHRPOT R, 458 4 G 9 3 ks il I

AW 4 8 Al 44 ; "H NMR (500 MHz, CDCL,)
4:0.90 (3H, d, J= 7.0 Hz, H-12), 0.99 (3H, d, /= 7.0 Hz,
H-13), 1.05 (3H, s, H-14), 1.07~1.78 (6H, m, H-1,8,9),
1.83 (3H, s, H-15), 1.91 (1H, m, H-11), 2.48 (1H, s, H-
6), 4.49 (1H, br d, J = 10.0 Hz, H-2), 6.19 (1H, br s, H-
4); *C NMR (125 MHz, CDCL,) 8: 42.1 (C-1), 70.1 (C-
2), 146.2 (C-3), 133.1 (C-4), 190.1 (C-5), 56.6 (C-6), 86.0
(C-7), 44.6 (C-8), 32.1 (C-9), 56.1 (C-10), 38.2 (C-11),
16.5 (C-12), 17.3 (C-13), 20.4 (C-14), 18.4 (C-15). 5
BREIN R, % 52 AL AW 4 N feruone

&9 5 Al &; 'TH NMR (500 MHz, CDCL,)
5:0.88 (3H, d, J=7.0 Hz, H-12), 0.97 (3H, d, J= 7.0 Hz,
H-13), 1.02 (3H, s, H-14), 1.06~1.08 (2H, m, H-8a, H-
9a), 1.60 (1H, d, J=15.0, 9.0 Hz, H-1b), 1.68~1.70 (2H,
m, H-8b, H-9b), 1.75 (1H, d, J = 13.0 Hz, H-6), 1.89 (3H,
s, H-15),1.91 (1H, m, H-11),2.09 (1H, d,J=15.0, 5.0 Hz,
H-1a), 2.69 (1H, dd, J = 16.5, 4.0 Hz, H-4a), 2.88 (1H,

dd, J = 16.5, 11.0 Hz, H-4b), 3.33 (1H, m, H-5), 6.48
(1H, d, J = 7.0 Hz, H-2); "C NMR (125 MHz, CDCl,)
5: 40.3 (C-1), 127.9 (C-2), 147.1 (C-3), 39.5 (C-4), 68.5
(C-5), 56.8 (C-6), 81.2 (C-7), 44.0 (C-8), 31.7 (C-9),
55.5 (C-10), 37.8 (C-11), 16.9 (C-12), 17.3 (C-13), 20.9
(C-14), 18.9 (C-15). HCmR™xI M, K EMMEWS A
jaeschkeanadiol.
3 MATEMME

R HE B 40 1 1 S S5 B B 1 45 AR, SR A CCK-8
EVFI LA ) 1~3 5 RAW264.7 20135 J1 (0500 . 48
4% bR 4 A B, NN CCK-8 TAEW, 7£ 37 °C%
PERHEE 1~2 h, T 450 nm &I 5E WO RE (4) 18

X g 2 B8 (LPS) 5 T 1/ BB 4% s 4t i
RAW264.7 % iE 155 289 50 4k A W) 1~ 3 JHEAT i P i k™
4 J 2 Tl 21 96 FLAR 1, 7E 2 10% Jif 4 1f 3 Y1 DMEM
Ri IR H T 37 °C 5% CO, B A 8 7% . AN E R
1 pg-mL" LPS FIAFI AL & 4 (243K B 10 pmol-L™) 7
FHIF 26 F T 595 24 he BEFRG WG, WOAE & 2 40 fa 3%
7% _FIH W, K Griess VAR NO A il & . HX 50 uL 41
M3 772 IE I 96 FLAR H, B 5 AR RN SRR
Griess IV il Griess I3, # B IR G IR S )5, T =k
IR P10 mine .S5G8 BEFR A T 570 nm i
AWM E A . AR BT AS RSN (NaNO,) Atk ik
25 il b A R 2R, JF AR I b A R 2R A AL R R B
W NO & &, st AN NO A= % =
(A pzsmupmn ~ A wegn) A g zmpmen *100%0
4 ECDitH

FIFH PC Model 10 % 1 LA MMFF94 43 1 77 3 7K
SRR BEAT > TR 1 R AR, Mol R E EIR
N 10 keal-mol™; Fl| | Gaussian 16 % 14 (http://gaussian.
com/gaussian16), LA TDDFT J7 % 7 B3LYP/6-31G(d)
KSR X Gt — Ak, A E A KT 1% 1
% 1F B3LYP/6-311G(d,p) /K*F F 247 ECD 1H#; R H
SpecDis 1.71 # A4 (https://specdis-software. jimdo. com)
MRS IR 24 2 4 A0 AL A 75 H ECD i &

B STk: B8 7 DORD T 7 4 SR IS 70 8 A A 1 58
5y Hy A AN A A A v 1 B B3R B 2y s LI BTt
PV 07 0 ST 6 STl R Mol A B S 4 BT SR B e v S
SENL AR B, EH R AT T 45 5 KRR
.

B 1F 3 75 WA FL A B TCAT R 2 o R
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