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Sesquiterpenes constituents from fruits of Michelia yunnanensis
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Abstract: Objective To study the chemical constituents from fruits of Michelia yunnanensis. Methods The chemical constituents
were isolated and purified by column chromatographies on silica gel and Sephadex LH-20. Their structures were elucidated on the basis
of spectroscopic data. Results Twelve compounds were isolated from methanol extract of the fruits of M. yunnanensis and the
structures were identified as 13-methoxy-11p,13-dihydrocostunolide (1), lanuginolide (2), tulipinolide (3), lipiferolide (4), costunolide
(5), parthenolide (6), 11B,13-dihydroparthenolide (7), 4a,5B-epoxy-13-methoxy-11BH-germacra-1 (10)-en-12,60-olide (8), cyperusol
C (9), aromadendra-4f3,10a-diol (10), 9-oxonerolidol (11), and 11,13-dehydrocompressanolide (12). Conclusion Compound 1 is
isolated as a new natural product. 'H-NMR and *C-NMR data of compounds 1 and 2 are reported for the first time. Except compound
6, other compounds are isolated from this plant for the first time.
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ARSI R B B IR I 1) 2 P SR ST RN
ST, Mo B R 12 MEER G, 4k
D] 1 20 I I T R 23 ) 4 5 A 13-4 k- 11,13+
— A K FHF K AN M C 13-methoxy-11pB,13-
dihydrocostunolide, 1)+ EM %% Al (lanuginolide,
2). JEERSEMARE Ctulipinolide, 3). FEEMKA
fi (lipiferolide, 4). RKEFEHNEE (costunolide, 5).
/INEZGNE (parthenolide, 6). 11P,13- " Z/NAZ
W (11p,13-dihydroparthenolide, 7). 4a,5p-FF%-

13- H & 36 -11IBH- 75 55 %6 -1(10)- 45 -12,60- N Fig
[40,5B-epoxy-13-methoxy-11BH-germacra-1(10)-en-

12,6a-olide, 8] KIWHEE (cyperusol C, 9). &
$5¢-4B,10a- ¥ (aromadendra-4p,10a-diol, 10). 9-
EACFS AL (9-oxonerolidol, 11). 11,13-E46&
SR NEE (11,13-dehydrocompressanolide, 12

&Y 1 AR, JIF B I iiRiE &)
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Fig. 1 Chemical structures of compounds 1—12
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Bruker Avance 111 500 MHz % 3L 9@1% . Bruker
Tensor-27 {8 HL AR 21 Z81EAY (Bruker 2w, il
); Shimadzu UV-2401A %4k Al W43 )6 6 B AX
(Shimadzu A7), HZA); Jasco P-1020 4= H gl
JENAL (Jasco A ], HAD; Agilent 1260 4347 F1f
4¢84 HPLC(Agilent A 7], £ D, il 4: 4 Zorbax
SB-Cjg (250 mmX4.6 mm, 5 um, Agilent A ],
FE D AR Qi iisEFEL ), 100~200-
200~300 HD: GFysq 2 (0B EMCHR CllmfT TiT AT
t£1) ", ); Sephadex LH-20(Pharmacia 2 ], $ifj 4L );
O R CIESE E R RRHA BRA F]D s 40 B R CR
AT R SRR A TR A FD s A hiE (60~90
THy =S TP BEMR Ol FHIE. IS0 Tk

A HLARA CEZEMHD.

“HTET 2016 4F 6 J1R A B, 24
FERE7 Bt B BRIt 5 P Js 0 B A 50 D3 65 ol =
& Michelia yunnanensis Franch. ex Finet et Gagn,
FRAS (20160801m) A7 T IH BRI 252 B o
2 REBS5SE

W M RS 3 kg, WA e T H R 75 Y
(3IXX2h), AIFFRIGH, LA LA PLE )
Jo, RIS HCT K SRR CBRAEE 3 IR, (]
WO FIE, ASEEIR CBEAE G4 33 g, FH 100 g fif
B (100~200 HO HHFEAEIE EREERAE (500 g,
DAAT - R LT (20 @ 1) UeMt, JLE3] 7 AN
I A~G. C #5y (2.5 @) Mt thst i, FIH
B4 SR & 5 (150 mg). D #B84r (1.4 )
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FRERCHERE, DU yhg-a W (20 2 1) $EMi, TLC
WG AR 2, 43R 2 Bt D1 F1 D2. DI #64>
28 S IE AR AR (S 4l A3 254 3 (74 mg)
9 (12mg). D2 {534 1il#% HPLC (58% HlE-7K)
H2RMAY 2 (13 mg). E i (4.5 g0 HEERFH:
FE, DL=G W %e-AEd (300 @ 1) YEfd, TLC W&
MRS, 4y E 3 B E1~E3. El Min&REIF
FERE R A € 1 R T 25 i 19 206590 6 (200 mg) . E2
G — LI IEARRERE AT Sephadex LH-20 ( =5,
- FmE 10 D A, 92140659 7 (12.6 mg).
10 (8.5mg); F sy (3.5g) FREMHERE, PA=5
FGE-TA I (300 & 1) Peflid, TLC YA A48 R 5645
Sy 2 Bt FI~F2. Fl #8434 & & IE M i i A
Sephadex LH-20 (=& HI%e-HlE 1 0 1D A, 73
FEEM1 Gmg). 11 (8mg). F2 #NAEIE

AR AT (il 7r B, 138159 4 (3.5mg). 8 (6
mg) fl12 (3.3 mg).
3 HMETE

WEW1: AR, K ESI-MS m/z: 287 M+
Na]’; HR-ESI-MS m/z 287.162 1 (B 287.162 3,
C16H24NaO3) Fl NMR HEl iz &5 18
Ci6H2405, AMIFIE K 5. [a]’y> +50.9° (¢ 0.18,
MeOH); UV AN (nm): 204 (3.72); IR vir (cm™):
2928,2733,1759, 1 664, 1 446, 1 187, 960; M 'H-
M PCNMR # (£ D WAL SEmE 3 A
B[R 1 AN oy 3.38 (3H, s, -OCH3), dc 59.4
(-OCH3); 2 AMHXUEAHIEM I 6y 1.39 (3H, s,
H-14), 1.66 (3H, s, H-15), dc 16.1 (C-14), 17.2
(C-15)], 5L [ 1 ANMAHRIE S o 3.73
(1H, dd, J=9.9, 3.9 Hz, H-13a), 3.64 (1H, dd, J = 9.9,

x1 LAY 1F02 5 "H-NMR. BC-NMR ##E (500 MHz, CDCl;)
Table 1 'H-NMR and “C-NMR data of compounds 1 and 2 (500 MHz, CDCl,)

A ! 2
Ou dc On dc

1 4.81 (1H, dd, J=11.7, 2.8 Hz) 127.0, CH 5.25 (1H, brd, J = 10.6 Hz) 128.7, CH
2a 2.24 (1H, m) 26.2,CH, 2.38 (1H, m) 24.1,CH,
2b 2.15 (1H, m) 2.16 (1H, m)
3a 2.27 (1H, m) 39.5, CH, 2.10 (1H, m) 36.2, CH,
3b 1.98 (1H, m) 1.19 (1H, m)
4 140.5, C 61.9,C
5 4.67 (1H, d, J=9.6 Hz) 127.3, CH 2.71 (1H, d,J=9.1 Hz) 66.8, CH
6 4.55 (1H, t,J= 9.6 Hz) 81.5,CH 4.19 (1H,t,J=9.1 Hz) 75.9, CH
7 2.14 (1H, m) 48.4, CH 2.14 (1H, m) 53.5,CH
8a 1.94 (1H, m) 28.4,CH, 5.30 (1H, brd, J= 5.5 Hz) 72.7,CH
8b 1.61 (1H, m)
9a 2.33 (1H, m) 41.0, CH, 2.66 (1H, dd, J= 14.3, 5.5 Hz) 43.9,CH,
9b 2.07 (1H, m) 2.18 (1H, d, J= 14.3 Hz)
10 137.0,C 131.2,C
11 2.37 (1H, m) 48.3, CH 2.42 (1H, m) 39.6, CH
12 176.2, C 176.6, C
13a 3.73 (1H, dd, J=9.9, 3.9 Hz) 68.6, CH, 1.25 (3H, d,J="7.1 Hz) 13.7, CH,
13b 3.64 (1H, dd, J= 9.9, 3.4 Hz)
14 1.39 (3H, s) 16.1, CH, 1.68 (3H, s) 19.8, CH,
15 1.66 (3H, s) 17.2, CH, 1.28 (3H, s) 16.9, CH,
-COCH; 170.1, C
-COCH; 2.01 (3H, s) 21.1, CH,
-OCH; 338 3H, s) 59.4, CH,
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3.4 Hz, H-13b); Jc 68.6 (C-13)], 5 MRHHE [F1
AR IK 2 0y 4.55 (1H, t, J = 9.6 Hz, H-6), dc
81.5 (C-6); 2 4> sp” ALK HIHE oy 4.81 (1H, dd, J =
11.7, 2.8 Hz, H-1), 4.67 (1H, d, J = 9.6 Hz, H-5), dc
127.0 (C-1), 127.3 (C-5)], 3 DNZEH [& 2 A sp” A4k
ZR dc 140.5 (C-4), 137.0 (C-10); 1 DRI 6¢
176.2 (C-12)] FR s v W e A AP A AR 22
JEFE A A WL B A e . LR S
1 Al 40,5B-FR%-13- A HE- 11 BH-7 B ¢-1(10)-45-
12,6a-M1iE (8) i 1D NMR %i#5, &I 2 MLAY
AL, AR Z AR T A 8 C-4. C-5 47
WALENAY 1 PR . HMBC % (& 2)
Sy 4.67 (H-5) 5 ¢ 39.5 (C-3), 140.5 (C-4), 81.5
(C-6), 48.4 (C-7), 17.2 (C-15) AR, K 'H-'H
COSY & oy 4.67 (H-5)/4.55 (H-6)/2.14 (H-7) 5%
UESE FIAHER . ROESY i+ oy 4.55 (H-6) 5 1.61
(H-8b), oy 3.73 (H-13a) 5 1.94 (H-8a), oy 4.67 (H-5)
55 2.14 (H-7) #2¢, & H-7 2 o LA, H-6 A1 H-11
BB . BEAL, Oy 1.39 (H-14) 5 2.24 (H-2a) Al
1.66 (H-15) 5 4.55 (H-6) [ ROESY #HK, #/R
C-1/C-10, C-4/C-5 {7 XUEEY 0 E #A, #itb 5491
YT N 13- A 1B, 13- AR A R N I .
Robinson 25 A TR 4 P B 1 A4 252 16 4 1 5 10245
LAY 1, ABR WA ) A R S A it
H, KR E RN RR IR G 1, FFaE
LB A

O L S
o T
O

— HlHCOSY 7N HMBC ¥ X ROESY

2 {L&41 89 'H-"H COSY. HMBC % ROESY #8%
Fig. 2 'H-'"H COSY, HMBC, and ROESY correlations of

compound 1

G 2. okt CHED, R4S ESI-MS m/z:
331 [M+Na]"; HR-ESI-MS m/z 331.151 9 (Blig{H
C17H24NaOs, 331.152 1) F1 NMR EiE %4k &4
TR HK CrHwuOs, AHIFIEE R 6. [a]’h® —70.0°
(¢ 017, MeOH) ; UV A (nm): 203 (3.46) ;
IR v (em'): 3 422,2929, 1777, 1 740, 1 642, 1 225,

max

1 034; M 'H- 1 BC-NMR i (£ 1) 7740, %k

EWEA 3 AR 3AWHIE, 5 MRHFIE (%3
AMABURI KR 1AM Z . 1 AR
Foo 1A ZHURIGRUEE K 1 AN B R E
LG E) 2 [FIRE R & B A et . a2 5
1B, 13- —Z/NAKNEE (7)) B 'H- 1 PC-NMR
HARARLL, mFEMAFRZLAETHED 2 T2 T
1 AN KE . HMBC 3 (] 3) 1 6 5.30 (H-8) 5
d¢ 75.9 (C-6), 53.5 (C-7), 43.9 (C-9), 131.2 (C-10),
39.6 (C-11), 170.1 (-COCH;) fFiZfE i, LAK oy
2.14 (H-7)/5.30 (H-8)/2.66 (H-9a)/2.18 (H-9b) M
'H-'"H COSY M5, RHMLEY 2 b LA IER 2
C-8 /7 .ROESY it 1 5y 4.19 (H-6) 15 2.18 (H-9b), oy
2.18 (H-9b) 5 525 (H-1), 6y 4.19 (H-6) 5 2.42
(H-11), 65 2.42 (H-11) 5 5.30 (H-8) #15¢, il H-8
AH-11 224 B Bl . HeseEie ey 2 hEH &%
WliE. I & PSRRI, a2 AR 55
Michelia doltsopa Buch. -Ham'®', 75 5% Michelia
compressa (Maxim.) Sarg!" R+ 4> B 1538, HH
R 52400 "H- I PC-NMR i, Aseis
T IRA TR B 2 (A RS S -

N\ 2 ~ . .
. D

)} RN B
( 0 b WA
O 6
P A|
o)

— L'HCOSY 7N HMBC ¥ % ROESY

3 {¢&42 89 '"H-"H COSY, HMBC % ROESY #%
Fig. 3 'H-'H COSY, HMBC, and ROESY correlations of

compound 2

tEY 3. Ltastil (FEE), ESI-MS m/z: 313

[M + Na]' . [0] 5 —12.9° (¢ 0.16, MeOH) ;
UV e (nm): 207 (3.78): TR vjr (em '): 3 433,

2940, 1 769, 1 742, 1 635, 1 239, 1 038, 'H-NMR
(500 MHz, CDCl3) 8: 6.23 (1H, d, J = 3.4 Hz, H-13a),
5.65 (1H, d, J= 4.5 Hz, H-8), 5.53 (1H, d, J= 3.4 Hz,
H-13b), 5.06 (1H, dd, J = 9.6, 8.8 Hz, H-6), 4.82 (1H,
dd, J = 11.7, 3.9 Hz, H-1), 471 (1H, d, J = 9.9 Hz,
H-5), 2.86 (1H, d, J = 8.5 Hz, H-7), 2.00 (3H, s,
-COCHj3), 1.68 (3H, s, H-15), 1.44 (3H, s, H-14);

BC-NMR (125 MHz, CDCly) 6: 130.6 (C-1), 43.8
(C-2), 262 (C-3), 142.4 (C-4), 127.2 (C-5), 75.5
(C-6), 52.4 (C-7), 71.5 (C-8), 39.3 (C-9), 134.2
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(C-10), 136.8 (C-11), 169.6 (C-12), 120.9 (C-13), 18.8
(C-14), 17.4 (C-15), 209 (-COCH;), 169.8
(-COCH3). b $ifii fSC ik g 3 A — 5™, Az
B 2D NMR Hdaf3 21ESE, MU e &% 3 h
L IERGH K A TE

& 4: Ok A, ESI-MS m/z: 329 [M+
Na]". 'H-NMR (500 MHz, CDCls) 6: 6.34 (1H, d, J =
3.2 Hz, H-13a), 5.69 (1H, d, J = 3.2 Hz, H-13b), 5.66
(1H, d, J = 4.6 Hz, H-8), 5.29 (1H, dd, J = 12.1, 2.4
Hz, H-1), 4.37 (1H, t, J = 8.7 Hz, H-6), 3.14 (1H, m,
H-7), 2.81 (1H, d, J = 8.7 Hz, H-5), 2.05 (3H, s,
-COCH3), 1.72 (3H, s, H-14), 1.35 (3H, s, H-15);
BC-NMR (125 MHz, CDCly) &: 129.0 (C-1), 24.3
(C-2), 35.9 (C-3), 61.9 (C-4), 66.6 (C-5), 75.4 (C-6),
49.4 (C-7), 73.6 (C-8), 43.9 (C-9), 131.6 (C-10), 136.2
(C-11), 168.6 (C-12), 122.7 (C-13), 19.7 (C-14), 17.2
(C-15), 20.9 (-COCH3), 169.7 (-COCHs). PA F¥#
FSCERIR B A — D), W et &Y 4 RE %
PP T

twEY S otk (CFFEE), ESI-MS m/z: 255
[M-+Na]". "H-NMR (500 MHz, CDCl;) 8: 6.16 (1H,
brs, H-13a), 5.45 (1H, brs, H-13b), 4.77 (1H, d, J =
10.1 Hz, H-5), 4.65 (1H, d, J=9.9 Hz, H-1), 4.48 (1H,
t, J = 10.1 Hz, H-6), 1.64 (3H, s, H-15), 1.34 (3H, s,
H-14); “C-NMR (125 MHz, CDCl;) 6: 126.9 (C-1),
27.9 (C-2), 40.9 (C-3), 140.1 (C-4), 127.3 (C-5), 81.9
(C-6), 50.3 (C-7), 26.1 (C-8), 39.4 (C-9), 136.9
(C-10), 141.4 (C-11), 170.4 (C-12), 119.6 (C-13), 16.1
(C-14), 17.3 (C-15). LA ¥l A Scikapis A5,
WA 5 IARFIE AT

& 6. AtshE (HEE, ESI-MS m/z: 271
[M+Na]". "H-NMR (500 MHz, CDCl3) 6: 6.31 (1H,
d, J=3.5Hz, H-13a), 5.61 (1H, d, J = 3.5 Hz, H-13b),
5.19 (1H, d, J=11.9 Hz, H-1), 3.85 (1H, t, J= 8.7 Hz,
H-6), 2.79 (1H, d, J= 8.7 Hz, H-5), 2.77 (1H, m, H-7),
1.72 (3H, s, H-14), 1.35 (3H, s, H-15); ">C-NMR (125
MHz, CDCL3) d: 125.2 (C-1), 24.1 (C-2), 36.3 (C-3),
61.5 (C-4), 66.4 (C-5), 82.5 (C-6), 47.6 (C-7), 30.6
(C-8), 41.2 (C-9), 134.6 (C-10), 139.2 (C-11), 169.3
(C-12), 121.3 (C-13), 16.9 (C-14), 17.3 (C-15). Ll L
Hod AscikoE S A — S, M e A 6
12 M T -

& 7 Tk (Z&F ), ESI-MS m/z:

273 [M+Na]". 'H-NMR (500 MHz, CDCL3) : 5.17
(1H, dd, J = 12.1, 2.2 Hz, H-1), 3.80 (1H, d, J = 9.1
Hz, H-6), 2.69 (1H, d, J = 9.1 Hz, H-5), 2.29 (1H, m,
H-11), 1.87 (1H, m, H-7), 1.72 (3H, s, H-14), 1.35
(3H, s, H-15), 1.22 (3H, m, H-13); “C-NMR (125
MHz, CDCl3) d: 125.2 (C-1), 24.1 (C-2), 36.7 (C-3),
61.5 (C-4), 66.4 (C-5), 82.2 (C-6), 51.9 (C-7), 29.8
(C-8), 41.2 (C-9), 134.4 (C-10), 42.5 (C-11), 177.4
(C-12), 13.3 (C-13), 16.9 (C-14), 17.2 (C-15). LA L%k
A SRR IE A S, M E A T N
11B,13- —Z/INH % N R

& 8: kA, ESI-MS m/z: 303 [M+
Na]". "H-NMR (500 MHz, CDCl;) d: 5.21 (1H, d, J =
11.3 Hz, H-1), 3.75 (1H, dd, J = 9.1, 3.5 Hz, H-6),
2.75 (1H, d, J = 9.1 Hz, H-5), 3.38 (3H, s, -OCHj3),
1.65 (3H, s, H-14), 1.25 (3H, s, H-15); "*C-NMR (125
MHz, CDCl3) d: 125.1 (C-1), 24.1 (C-2), 36.6 (C-3),
61.4 (C-4), 66.3 (C-5), 82.2 (C-6), 48.6 (C-7), 29.9
(C-8), 41.0 (C-9), 134.5 (C-10), 45.4 (C-11), 175.0
(C-12), 68.2 (C-13), 17.2 (C-14), 16.9 (C-15), 59.4
(-OCH3)o LA F¥dfs RiSCikaf i S A — 50, %
TE A 8 Hy 4a,SP-FREA-13-F A - 11 BH-75 F e -
1(10)-4-12,60- P9 B «

WEY 9: TLEMRY, ESI-MS m/z: 237 [M—
H]". 'H-NMR (500 MHz, CDCls) 6: 4.69 (2H, d, J =
5.1 Hz, H-12), 3.31 (1H, dd, J = 11.5, 4.5 Hz, H-1),
1.90 (1H, m, H-7), 1.15 (3H, s, H-15), 1.29 (1H, m,
H-5), 0.88 (3H, s, H-14), 1.72 (3H, s, H-13); "C-NMR
(125 MHz, CDCl3) d: 79.3 (C-1), 28.4 (C-2), 40.5
(C-3), 71.6 (C-4), 52.9 (C-5), 25.7 (C-6), 45.6 (C-7),
26.3 (C-8), 40.7 (C-9), 38.9 (C-10), 150.3 (C-11),
108.3 (C-12), 20.9 (C-13), 13.1 (C-14), 22.7 (C-15).
DL $dm A Scpk s A 80, M etk 9
NS ERE C,

& 10: AR A, ESI-MS miz: 277 [M+
K]". '"H-NMR (500 MHz, CDCl;) 6: 1.85 (1H, m,
H-1), 1.18 (1H, t, J = 10.6 Hz, H-5), 0.60 (1H, m,
H-7), 0.42 (1H, t, J = 10.6 Hz, H-6), 1.20 (3H, s,
H-15), 1.25 (3H, s, H-14), 1.01 (3H, s, H-12), 1.13
(3H, s, H-13); "“C-NMR (125 MHz, CDCLy) &: 56.2
(C-1), 23.7 (C-2), 41.0 (C-3), 80.3 (C-4), 48.3 (C-5),
26.5 (C-6), 28.6 (C-7), 19.5 (C-8), 44.3 (C-9), 74.9
(C-10), 20.1 (C-11), 28.2 (C-12), 16.4 (C-13), 24.4
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(C-14), 20.2 (C-15). LA _EHdis FISCHRIRIE FEA —
U, WS RS 10 B E-4P,10a- .
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