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A new tetrahydrofuran-type lignan from leaves of Magnolia denudata
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Abstract: Objective To study the lignans in the leaves of Magnolia denudata. Methods The constituents were separated and
purified by silica gel, Sephadex LH-20 and semi-preparative HPLC. The structures were elucidated on the basis of spectroscopic data
analysis. All compounds were evaluated for their inhibitory activity against LPS-activated NO production in RAW 264.7 cell model in
vitro. Results Two tetrahydrofuran-type lignans and three dihydrobenzofuran-type lignans were isolated from 95% ethanol extract of
M. denudate. Their structures were identified as (7S,7'R,8S,8'S)-3,4,5-trimethoxy-3',4"-methylenedioxy-7,7"-epoxylignan (1),
veraguensin (2), liliflol A (3), liliflol B (4) and 5-methoxyliliflol B (5). Conclusion Compound 1 is a new compound and named as
magnodatin A. Compound 5 is a new natural product. The 3C-NMR spectroscopic data of compounds 3—35 are reported for the first
time. Compound 5 exhibited weak inhibitory effect on NO production in LPS-induced macrophages with a inhibiton rate of 48.7% at 50
pmol/L.
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O, AR ERR 5 AARIERELEY,

I E N (7S,7'R,88,8'S)-3,4,5- = 4 3 -3/ 4~
O CEE 7,73 KR IR B [7S,7'R.8S,8'S-
3.,4,5-trimethoxy-3',4'-methylenedioxy-7,7'-epoxylign
an, 1]. Eifi A&  (veraguensin, 2). liliflol A (3).
liliflol B (4) A 5-methoxyliliflol B (5), &4 L F&
LR ED N AEY, T N EZARIER A,
B 5 KRR, FEKIRENED 3~5
1] BC-NMR #i#f . HAMEMETFT R, (hE&) 2.
3. SHEAAFREERBRIETE, 1E 50 pmol/L 1)
W T LPS %5 RAW264.7 4H A B NO 30
RN 14.3%. 21.7%- 48.7%.
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Fig. 1 Structures of compounds 1—5
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(Bruker A 7], {&[E); Shimadzu UV-2401A 4]
L4376 A (Shimadzu A~ &), HAD); Jasco P-1020
4 BB RN (Jasco A 7], HAD; Agilent 1260
RO B TEAL (Agilent AF], EED; @AilkHEN
Zorbax SB-Cis (Agilent, 150 mmX9.4 mm, 5 um,
FED; AL YT iiEEFEL ), 100~200-.
200~300 H); GFasq HJZERERERMR (i TR
£ T.J7); Sephadex LH-20 (Pharmacia A @], Fijl );
BT (10%HER LR, WHNJEIE SN0, &
R (bt A REFHCHR AR 4 HlE CR

AT AR A R A =D s BrE 37138 T
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M3E M H & & Hyclone /27, Griess Reagent. LPS
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(20170602m> ££IAE H ER B B B0t 50 T
YAk 2 5 VR SR R R A B K A
2 RESSE

TR 2 kg, BRFIE H 95% LBEA IR IR EL
(3 IR X48 h), & FFHEIUM, 8k 28 TR £ A HLIE ),
BRI o HCT 7K A B RR QR AR 3 Wk, [
FJe, fFESIR LBEH 60 g, £ A MCI ki,
PLEFEE-7K (45 0 55—>100 : 0) BRJEWEM, £ TLC
Rrll, A IEAHFM 43 Fr. 1~14. Fr.8 (25¢g) &
IEARfE A (3, DLEUP7-PAER (400 @ 1—1 1 1) ¥k
/5% Fr. 8.1~8.7. Fr. 8.7 (346 mg) & IF
FARERCAE B0, DA EE-BE RS 88 (9 0 D B
F Fr. 8.7.1~8.7.4. Fr.8.7.2 (213 mg) L IEMHER
FEOAE [ M-I (50 @ 1) JHElBRMLEY 3
(11.3 mg)F1 4(8.0 mg) .Fr.8.7.3(26 mg)%: Sephadex
LH-20[&15-FEE (10 1) [BEE 5 (6.4 mg).
Fr.9 (1.9 g) & IEAHRERAE (ual, DL i k- 7 i
(400 : 1—1: 1) PEWAFE] Fr. 9.1~9.6. Fr. 9.5 (54
mg )% Sephadex LH-20C FHEE)PEM1F 21 2(30.5 mg).
Fr. 9.6 (118.0 mg) £ IEAHEA (IS, LLUA -
BERR ClE (20 0 1) BEML, FHWENERE, 42
£ HPLC iy [FEE-7K (67 233, 3 mL/min) ]|
HAMEEY 1 (1.3 mg, ®=12.5min),
3 ZHEE

wED 1. TEMRY, [o]5° 56.0 (¢ 0.10,
MeOH); UV MM (nmy): 200 (4.09), 257 (3.49), 284
(3.87) ; ECD (c 0.65 mmol/L , MeOH) Amax
[Ae/( L-mol-cm™)]: 209 (+4.83), 234 (+0.46), 279
(+0.26) nm. I HRESIMS, #1811 KN
m/z: 409.162 3 [M+Na] ", 5N 409.162 2) FlI
BC-NMR HARHEWT Ho 57304 CaHasO6, ANEANFE
N 10 7EFL IR HiE s BoRiZ A VIR IR 2R
(1591, 1505, 1456 cm™) ERERIESE. N
TH-NMR i (£ 1) o401, Zb&%&E 14 ABX
AREFERTES [0n6.89 (1H, s, H-2"), 6.77 (1H,
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d, J=8.2Hz, H-5"), 6.79 (1H, d, J=8.2 Hz, H-6")], 1
HITFRH R FI5S [0u 6.73 2H, s, H-2, 6)], 34
FAJE [on 3.90 (6H, s, 3, 5-OCHs), 3.86 (3H, s,
4-OCH3)], 2 ™MHIZE [ow 1.08 (3H, d, J = 6.5 Hz,
H-9), 0.67 (3H, d, J= 7.0 Hz, H-9")] A1 1 MLH —

AL [0n5.95 2H,s)]. BC-NMR i (£ 1) BxR7T
22 MAE S, ol 3 AMHEE 2 AAHEL 1A
AV AR 9 AR L (LS 5 A4S sp? 244k ik L)
PLI 7 AN sp? &MUtk iR BdaR HiZib &9
PRI A G & . 42 HMBC i (& 2) 9 6 3.90

#1 1£&47 1702 /9 'H- (500 MHz, CDCL:) #1 3C-NMR (125 MHz, CDCL) ##E
Table 1 'H-NMR (500 MHz, CDCl;) and 3C-NMR (125 MHz, CDCls) data of compounds 1 and 2

1 2
{30
OH dc on Jc

1 136.5 133.5
2 6.73 (1H, s) 103.4 7.07 (1H, d, J=2.0 Hz) 110.0
3 153.2 148.6
4 137.4 148.6
5 153.2 6.88 (1H, d, /= 8.1 Hz) 111.0
6 6.73 (1H, s) 103.4 7.03 (1H, dd, J=8.1, 2.0 Hz) 118.7
7 4.37 (1H, d, J=9.3 Hz) 87.5 442 (1H, d,J=9.3 Hz) 87.3
8 1.77 (1H, m) 48.1 1.79 (1H, m) 47.9
9 1.08 3H, d, J= 6.5 Hz) 15.1 1.07 3H, d, J= 6.6 Hz) 15.0
I 135.1 133.8
2! 6.89 (1H, s) 107.5 6.88 (1H, d, J=2.0 Hz) 110.4
3 147.5 148.9
4’ 146.6 148.1
5’ 6.77 (1H, d, J=8.2 Hz) 107.8 6.84 (1H, d, J=8.0 Hz) 110.7
6 6.79 (1H, d, /= 8.2 Hz) 120.2 6.88 (1H, dd, J=8.0, 2.0 Hz) 119.2
7 5.11 (1H, d, J=8.7 Hz) 83.2 5.13 (1H, d, /= 8.7 Hz) 83.1
8’ 2.23 (1H, m) 46.0 2.25 (1H, m) 46.0
9’ 0.67 3H, d,J="7.0 Hz) 14.9 0.66 3H, d, /J=7.0 Hz) 15.1
3-OCH; 3.90 (3H, s) 56.1 3.86 (3H, s) 56.0
4-OCH;3 3.86 (3H, s) 60.9 3.89 (3H, s) 55.9
5-OCHj; 3.90 (3H, s) 56.1

3'-OCH; 3.91 (3H, s) 55.9
4'-OCHj3 3.87 (3H, s) 55.8
-OCH,0- 5.95 (2H, s) 100.9

"\ ROESY

e

/"N HMBC

'H-'H cOSY

2 &4 14 'H-'"H COSY. HMBC K ROESY %
Fig.2 Key 'H-'H COSY, HMBC, and ROESY correlations
of compound 1

(3, 5-OCH3) 5 6c 153.2 (C-3, 5), on 3.86 (4-OCH3)
5 6¢ 137.4 (C-4), 61 6.73 (H-2, 6) 5 6c 153.2 (C-3,
5), 137.4 (C-4) FImFEARX, HEW AT 1+ 145
R 3, 4, 5-=HEIFKE. 6 6.89 (H-2), 6.77
(H-5"), 6.79 (H-6')5 ¢ 135.1 (C-1'), u 6.89 (H-2')
5 6c 146.6 (C-4"), on 6.77 (H-5") 5 oc 147.5 (C-3"),
du 5.95 ((OCH,0-) 5 dc 147.5 (C-3'), 146.6 (C-4')
¥ HMBC #H¢, REIZWUEWH 5H—AT78HR 3,
43P FH AR R RS TH-TH COSY i H-7/H-8/H-8'/
H-7'#H5%, 454 C-7 (c 87.5) F1 C-7' (dc 83.2) ik

y FHH
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TEHARANZAL SV FIEE xHr, AR a1
A 1A TR ER . HMBC 33 (& 2D on 4.37 (H-7)
5 8¢ 136.5 (C-1), 103.4 (C-2, 6).0u 5.11 (H-7") 5 dc
135.1 (C-1"), 107.5 (C-2"), 120.2 (C-6") 7, #2&7 3,
4, 5-=HEFERILA 3, 40 F AR LRI il
fE C-7 F1 C-7"fii. H-8/H3-9 A1 H-8/H;-9'f¥) 'H-'H
COSY M5, LAK on 1.08 (H3-9), 0.67 (H3-9") 5 oc
48.1 (C-8), 46.0 (C-8') ff1 HMBC #H3%, FKEHFHANH
FEHIELE C-8 fil C-8'f2. Rk, L& 1 T
iR E, Wk 2 Fis.

AW 1 BT AT S 40 Hr ROESY i
PLHf 5 - ROESY i # H-7/H-7' H-7/H3-9 H-7/H-8'.
H-2'/H3-9'\ H-8'/H3-9 2% (& 2), KW H-7. H3-9,
H-7' H-87EFE—MN B 54, H-97E5H A o
. a1 R4 i R B 1 A 2 iR =
il (ECD) #IEMARIMC. a2 M MEA
TF 5% o ik R SRR A 4R IE ) TH-FI BC-NMIR 8 i3t
1T EL B € A veraguensin!''1131,  Jf 3 — P iE T
Cu-Ka 0 X ATk e Hast i (F 3),
Flack Z%0N 0.05 (2). tb&9 1 F1 2 [8 — i A
209 F1 234 nm P32 R IR Cotton 28 (& 4),

3 A2 MBS X ITHE

Fig.3 X-ray single-crystal structure of compound 2
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Fig. 4 Experimental ECD spectra of compounds 1 and 2

AIHEN o AR a2, Rk, (a1
(LRSS E N (7S,7'R,8S,8'S)-3,4,5- = HI 5 JE-3 4/~
H A7, T - IR IR, IFar N EEARIRR Ao

&Y 3 F1 4 GRS K 2= M. liliflora Dest.H 73
BAE, W5 SCERRE R 'TH-NMR F1 MS £k
X LR AT, 23l %2 M liliflol A Al liliflol B,
EAR I BC-NMR ##EikiE. Asesoit—2 8 H
HSQC. HMBC. 'H-'H COSY. ROESY &4 #t
WHE T4 &9 3 F1 4 185K, JF ks H
BC-NMR ##s (5% 2).

wEY 5 TEMRY, [o] 24 523 (c 0.12,
MeOH); UV (MeOH) Amax [log &/(L-mol!-cm™)]: 205
(4.51), 258 (3.07), 292 (3.51) nm. R4 HRESIMS
(HESr T8 TN m/z: 379.152 0 [M+Na] ™, HE1H
N 379.151 6) A BC-NMR Hd b H 710k
Ca21H240s, ANHIAIEE A 10. M TH-AT 3C-NMR i (£
2) "H, ZEWEHE 1 AHE 0w 1.39 (BH, d,
J=6.7Hz, H-9); 5c 18.2 (C-9)], 3 NI [on 3.86
(6H, s, 3, 5-OCH3), 3.85 (3H, s, 4-OCH3 ); dc 56.2 (3,
5-OCHj3), 60.9 (4-OCH3)], 2 NMEHFE (& 1/ sp?
FALE L), 7 ANRFFECE 54 sp? LI L),
8 /N sp? bRk, FIREHE TR 2L AT IR
AR ARIRZR. B b & S M3 1 'H
FTBC-NMR #¥5, KX 2 MEA YIS Aa1EL,
ZHMPIXBITET A S 3, 4, 5- = RS IR AL
RTILEY 3w 3, 40 H 5 FE 25  HMBC i (&
6) ' Ju 3.86 (3, 5-OCH3) 4 dc 153.4 (C-3, 5), dn
3.85 (4-OCH3) 5 oc 137.8 (C-4), ou 6.63 (H-2, 6) 5
dc 153.4 (C-3, 5), 137.8 (C-4) AHFAESL LR,
ROESY i (& 6) # H-7 1 H3-9 #H5¢. H-2 f1 H-8
AHIE, VEHH H-7 F1 H3-9 7E[F—Ml, 358 B #AM . T
BR#RE, Aiba ZFUSHE T mirandin A FIALFFEAL A R
AW 5, HER WAZE DI RIS SRR E . A
ARE RN BRI T B85 3ULEY 5, HeamEe
4 5-methoxyliliflol B, FFE XA BC-NMR i .
4 EPRIMAIEN

FIF g Z 8 (LPS) i S M B/ BB W 40 g
RAW264.7 FRGMEAL, J@iE MTT ZEAL &9
2~5 7£ 50 pmol/L [ FE T % RAW264.7 (#1401 2
PEo @E—did Griess AN NO AE o), Pl
& 2~5 PR IEME. REW (F3), Bk
A 4 75 50 pmol/L FIREE X RAW264.7 A —
ERYIREM, L&Y 2. 3. 5 X LPS S
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=2 1A% 3~5 ) '"H-NMR (500 MHz, CDCl;) F1 3C-NMR (125 MHz, CDCls) ¥1%
Table 2 'H-NMR (500 MHz, CDCl3) and *C-NMR (125 MHz, CDCls) spectral data of compounds 3—5
B 3 4 5
O dc OH dc OH dc
1 134.6 133.0 136.2
2 6.91 (1H, brs) 1066 6.96 (1H, s) 109.1  6.63 (1H, s) 103.1
3 148.0 149.2 1534
4 147.6 149.1 137.8
5 6.80 (1H, d,/J=8.0 Hz) 108.2 6.86 (1H, d,J=8.1 Hz) 110.9 153.4
6 6.87 (1H, brd, J= 8.0 Hz) 120.0 6.94 (1H, dd,J=8.1, 1.9 Hz) 1189 6.63 (1H,s) 103.1
7 5.04 (1H, d, J=8.6 Hz) 932 5.06(1H,d,J=9.1 Hz) 934 5.04(1H,d,J=9.0Hz) 93.5
8 3.32 (1H, m) 450 337 (1H,m) 449 337 (1H,m) 45.0
9 1.36 (2H, d, J= 6.8 Hz) 182 136 (3H,d,J=6.7Hz) 179 139(3H,d,J=6.7Hz) 18.2
I 117.2 117.2 117.2
2! 154.4 154.4 154.4
3 6.37 (1H, 5) 98.0 639 (IH,s) 98.1 640 (1H,s) 98.1
4' 158.8 158.9 158.9
5! 124.0 124.2 124.0
6 6.84 (1H, s) 124.8  6.84 (1H, s) 1247 6.85(1H,s) 124.7
7 3.36 (2H, m) 35.0 3.37(2H, m) 35.0 3.37(2H, m) 35.1
g 6.01 (1H, m) 1370 6.01 (1H, m) 1370 6.01 (1H, m) 136.9
9 5.17 (1H, dd,J=17.0, 1.4 Hz) 116.2 5.18(1H,dd,J=17.2,1.7Hz) 1162 5.19(1H,dd,J=17.2,1.7 Hz) 116.3
5.14 (1H, dd, J=10.0, 1.4 Hz) 5.15(1H, dd,J=10.2, 1.7 Hz) 5.16 (1H, dd,J=10.1, 1.7 Hz)
3-OCH; 3.89 (3H, 5) 559  3.86(3H,s) 56.2
4-0CH; 3.88 3, 5) 560 3.85(3H,s) 60.9
5-OCH; 3.86 (3H, 5) 56.2
-OCH:,0- 5.96 (2H, 5) 101.2

'H-'H COSY

Ee6

/N HMBC ,

ROESY

&4 5 8 'TH-'H COSY. HMBC X ROESY #83%

Fig. 6 Key 'H-'"H COSY, HMBC, and ROESY correlations of compound 5

F3 LAY 2~5 3 RAW264.7 40A NO HIHIZRAIF0 K
STRARTEERMFNE (XI5, n=3)

Table 3 Inhibitory effects of compounds 2—5 on NO
production and cell viability in RAW264.7 cell (X £ 5, n=3)

HEY) M2 /% ARAFE R %
2 143£15 106.9+1.3
3 21.7£13 101.241.9
4 64.6+1.1 89.0+1.0
5 48.7£0.3 95.3£2.5

RAW264.7 EWEA MR NO E I AN [FFE B i 40
FIER, HINHZR3HN 14.3%. 21.7%- 48.7%.
5 a2 B8 X ITHNE

&Y 2 N tdhis, RA Bruker D8 Quest
Bl X ATHHX (Cu Ka, 2=0.154 178 nm) %€
S8 F AR KN A (0.700X0.630X0.460) mm?,
TR CaHagOs, M=372.44, B AR, SR
Z¥: a=0.872 70 (4) nm, 5=0.762 66 (4) nm, c=
2.990 01 (14) nm, a=90°, $=90.387 0(10)°, y=90°,
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pE AR =199. 003 (17) nm?, Z¥[H)FEA P1211, [8] Kuroyanagi M, Yoshida K, Yamamoto A, et al. Bicyclo

WA TH Z=4, F(000)=800, WU RE u=
0.707 mm™', T=100(2) K, WERTH SHCH 35995,
MST AT %L 7 834 [R(int)=0.037 9], FET F2 4
R/ N LI TIE IR, RE1EIEE Ri=0.028 4,

WR>=0.076 3 [[>20(])]: 1B1E{A Ri=0.028 5, WR,=
0.076 4 (all data); AL F2=1.066, Flack
FECN0.05 (2). &2 11 CIF XHAFRCT 9
SIBF AL X AT B 0, CCDC 454 2002950
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