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Lignans from roots and rhizomes of Diphylleia sinensis

SUN Chen, SHI Xin-bo, HOU Qing, SONG Zhong-xing
Shaanxi University of Chinese Medicine/Shaanxi Collaborative Innovation Center of Chinese Medicinal Resources Industrialization,
Xianyang 712083, China

Abstract: Objective To investigate the lignans of the roots of Diphylleia sinensis. Methods The chemical components were
isolated and purified by chromatographic techniques (silica gel, sephadex LH-20 and semi preparative-HPLC) and the chemical
structures were determined by spectral data analysis (1D/2D NMR, MS, and IR). Results Seven lignans were obtained and
identified as diphyllin A (1), (15,2R,5S,6R)-2-(4-hydroxyphenyl)-6-(3-methoxy-4-hydroxyphenyl)-3,7-dioxabicyclo [3.3.0] octane
(2), (7S,8R,7'S,8'R)-3,4,3' 4'-tetramethoxy-9,7-dihydroxy-8.8",7.0.9"-lignan ~ (3), vladinol D (5),
podophyllotoxone (6), and justicidin A (7). Conclusion Diphyllin A (1) is a new compound and 2—4 are obtained from D. sinensis

(—)-lariciresinol  (4),

for the first time.

Key words: roots and rhizomes of Diphylleia sinensis; lignans; diphyllin A; (—)-lariciresinol; podophyllotoxone

B )Lt N/NEERL (Berberidaceae) 111 i I &
Diphylleia Michaux 18 %) # 4 (L faf 't Diphylleia
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LH-20(Pharmacia); #% 3% 2 (100~200. 200~
300 H, H ST D S HFE. 4G, A
TR, BERR OBR. 1R T RESE COREERFE B S
ARRAF]D; WA TS 7K N EERG IG5 K

2 )L-EZM T 2017 45 6 HREABFIE KA S,
FH B 78 H 2 24 K 2 0 2 ) 800 45 R /N BE R L A
R Y e it Diphylleia sinensis H. L. Li [f]
TR AR ZE
2 ERESE

TR E IL-E25H 3.5 kg, MR, F 95%2
BE[AIRAREL 3 K (% 2h), JRJERLZEE, HKIKH
ik BEER CBEFIE T EEREH 4 IR, 1H2IEER &
FEAERGAL 97 g, LRk AT (il A i Bk -5 1R 2. 1
(1:0—>1:3) BREESEM, HMEGE (TLC) il
HIAHFER SRR 7 A A~Gs C#64r (13.5 )
SRR RS A -BE R O (30 1 1—~>1 1 1) B
FEBEME, TLC &, &HMFEmRSEE 13 NS
C1~C13; C5 (0.6 g) &M FMER e, —&H
Fe-HEE (10D HEhiAEEY 7 (28 mg); C7
(0.5 g) LMEEER A, & R-HEE (11D
e 2MLEY 6 (19 mg); C10 (0.5 g) &Pl
WA (28% L MiE-7K, Rl 220 nm) 1554k
A4 109 mg, (=26 min) F1 2(13 mg, fr=34 min);
D #847 (8.6 g), SAFRER ol — Sl fe- FH I (50 -
1—5 1) BEEEVERL, TLC &, &IFMERD S
3| 8 M DI~D8, D5 (1.3 g) L EHER G
i SR FEE (11D e, TLC KA A
W E5] 5 NS D5-1~D5-5, D5-3 (0.2 g) 43

AR T (25% Z0E-7K, A3 K 220 nm) 75
FMLEY 3 (6 mg, k=22 min); D5-4 (0.3g), &
Pl AR RS (22% 4 ME-/K, Kl 220 nm)
BEMAEY 4 (14 mg, (r=25min) 15 (8 mg,
fr=22 min)o
3 HmEE

WEM 1 AETEME, [o]y +17.3° (¢ 0.17,
MeOH), IR v (cm™'): 3 428, 2 937, 1 598, 1 599,
1515,1461, 1420, 1261, 1140, 1025, &5 #E)mik
Y HIHE D T T m/z 359.150 0 [M+H]', 1HE1E
359.149 5, #HEMS> T30 CyHpOgo 'H-NMR (400
MHz, CD;OD) i (% 1) #4445t 14 1,3,4,5-IY
H ez 2 16,65 (2, s, H-2, 6)] LA 1 4%t
THUR M 4 BURFDE S [7.19 (2H, d, J=8.3
Hz, H-2',6'), 6.76 (2H, d, J=8.3 Hz, H-3', 5")] 4i&
ki J2 DEPT-135 %45 [(87.6, 87.4, 55.6, 55.3, CH)
Al (72.8,72.5, CH,)] HEMALEY) 1 0] e BIAEA
feZ itk Pl Ll EHEWT AT 4 NMR i
BHTIRAE, 454 HSQC il EXHMELAY 1 Mk S5
BEAT4HE. "H-"H COSY #EE (K 1) g3
H-7/H-8/H-9, H-7'/H-8'/H-9', H-8/H-8', H-2', 6'/H-3’,
S'HRMES, 454 HMBC i EM %55 : H-7/C-1.
C-2. C-6. C-8'. C-9'; H-7'/C-1'. C-2'. C-6'v C-8.
C-9; H-2,6/C-4; H-2', 6'/C-4') }% 3,5-OCH5/C-3. C-5
EWEY 1 PSSR 1 s, HT Adpy =
0.38, Aduo = 0.39, FrLAMEAD 1 IIH X F4 LA
A TRRS,7"R8" M, Bt (A I B ([l
+17.3°) HEWHL B0 1 BO4ax K95y TR 8S,7'R,8'S! 1),

#*1 k&% 15 'H- 1 BC-NMR (400/100 MHz, CD;0D) %2
Table 1 'H- and *C-NMR data (400/100 MHz, CD;OD) of compound 1

Wt S Sc B S de
1 133.2,C I’ 133.1,C
2 6.65 (s) 104.5, CH 2 7.19 (d, J=8.3 Hz) 128.8, CH
3 149.4, C 3 6.76 (d, J= 8.3 Hz) 1163, CH
4 136.2, C 4 158.3,C
5 149.4, C 5 6.76 (d, J= 8.3 Hz) 1163, CH
6 6.65 (s) 104.5, CH 6 7.19 (d, J=8.3 Hz) 128.8, CH
7 472 (d,J=4.3 Hz) 87.6, CH 7' 4.69 (d,J=4.3 Hz) 87.4, CH
8 3.13 (m) 55.6,CH 8 3.11 (m) 55.3,CH
9a 3.88(dd, J=9.2, 3.7 Hz) 72.5, CH, 9'a 3.80 (dd, J=9.2, 3.7 Hz) 72.8, CH,
9b 4.26 (dd, J=9.2, 2.1 Hz) 9'b 4.19 (dd, J=9.2, 3.7 Hz)
3,5-OCH; 3.84 (s) 56.8, CH;
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Fig. 1 Chemical structures of compounds 1—7 and key '"H-"H COSY and HMBC correlations of compound 1

BT UL ARG T, a1 A 1 fr
Nyt N2 A (diphysinenine A). {L274%
PRI E B a5 5 WK 1, "H- 1 PC-NMR
HE WA 1.

B 2: AETEMA, miz: 329 [M+H],
[a]y +32.7° (¢ 0.65, MeOH). 'H-NMR (400 MHz,
DMSO-ds) : 3.03 (1H, m, H-1), 4.64 (1H, m, H-2),
3.78 (1H, m, H-4a), 4.08 (1H, m, H-4b), 3.03 (1H, m,
H-5), 4.64 (1H, m, H-6), 3.78 (1H, m, H-8a), 4.08
(1H, m, H-8b), 7.19 (1H, d, J = 8.5 Hz, H-2'), 6.73
(1H, m, H-3"), 6.74 (1H, m, H-5), 7.19 (1H, d, J = 8.5
Hz, H-6'), 6.88 (1H, d, J = 1.3 Hz, H-2"), 6.75 (1H, m,
H-5"), 6.73 (1H, m, H-6"), 3.76 (3H, m, 5-OMe):
BC-NMR (100 MHz, DMSO-dq) 6: 54.4 (C-1), 85.6
(C-2), 71.6 (C-4), 54.4 (C-5), 85.8 (C-6), 71.4 (C-8),
135.5 (C-1"), 130.3 (C-2"), 115.8 (C-3"), 157.3 (C-4"),
115.8 (C-5"), 130.3 (C-6"), 132.2 (C-1"), 110.9 (C-2"),
148.6 (C-3"), 146.5 (C-4"), 115.6 (C-5"), 119.3 (C-6"),
56.5 (5-OMe). AW 2 %N (1S,2R,55,6R)-2-(4-
hydroxyphenyl)-6-(3-methoxy-4-hydroxyphenyl)-3,7-

dioxabicyclo [3.3.0] octane!'”l,

WE 3: AR A, miz: 405 [M+H],
[a]® +40.5° (¢ 0.10, MeOH). 'H-NMR (400 MHz,
CD;0D) &: 6.89 (1H, d, J = 1.2 Hz, H-2), 6.90 (1H, d,
J = 8.2 Hz, H-5), 6.85 (1H, dd, J = 1.2, 8.2 Hz, H-6),

4.56 (1H, d, J = 7.2 Hz, H-7), 2.39 (1H, m, H-8), 3.12
(2H, m, H-9), 6.85 (1H, d, J = 1.2 Hz, H-2"), 6.86 (1H,
d, J =79 Hz, H-5'), 6.76 (1H, d, J = 1.2, 7.9 Hz,
H-6'), 4.35 (1H, dd, J = 3.2, 8.0 Hz, H-7"), 1.75 (1H,
m, H-8"), 3.73 (1H, overlapped, H-9'a), 3.73 (1H, dd,
J=4.0, 8.5 Hz, H-9'b); *C-NMR (100 MHz, CD;0D)
5: 137.5 (C-1), 110.3 (C-2), 149.0 (C-3), 148.3 (C-4),
111.9 (C-5), 118.7 (C-6), 83.1 (C-7), 49.8 (C-8), 60.9
(C-9), 135.8 (C-1"), 110.7 (C-2"), 148.9 (C-3"), 148.2
(C-4"), 119.3 (C-5"), 111.7 (C-6'), 74.2 (C-7), 52.5
(C-8"), 70.0 (C-9'), 55.9 (3-OCH3), 55.8 (3'-OCHj),
56.0 (4-OCHs), 55.9 (4'-OCHi). b &%) 3 %EN
(75,8R,7'S,8'R)-3,4,3' 4'-tetramethoxy-9,7-dihydroxy-
8.8',7.0.9'-lignan'"*l,

et 4. AOHAE, miz 361 [M+H], [aly
—31.4° (¢ 0.11, MeOH) . 'H-NMR (400 MHz,
DMSO-d) 0: 6.84 (1H, d, J = 1.5 Hz, H-2), 6.71 (1H,
overlapped, H-5), 6.70 (1H, overlapped, H-6), 4.66
(2H, d, J = 6.3 Hz, H-9), 6.75 (1H, d, J = 1.6 Hz,
H-2'), 6.70 (1H, d, J = 7.9 Hz, H-5'), 6.57 (1H, dd, J =
1.6, 7.9 Hz, H-6'), 3.75 (6H, 3, 3-OCH3);: "“C-NMR
(100 MHz, DMSO-dy) 6: 134.6 (C-1), 110.1 (C-2),
147.3 (C-3), 145.5 (C-4), 115.4 (C-5), 120.6 (C-6),
81.8 (C-7), 52.4 (C-8), 58.6 (C-9), 131.6 (C-1"), 112.7
(C-2), 144.5 (C-3'), 147.4 (C-4'), 115.0 (C-5), 118.2
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(C-6), 32.3 (C-7"), 40.0 (C-8'), 71.8 (C-9"), 56.7
(3-OCHjy), 55.6 (3'-OCHs). th &4 6% N ()%
A

&M s: At AR, miz: 375 [M+H] .
[a]®¥ +9.24° (¢ 0.11, MeOH). 'H-NMR (400 MHz,
CDCl3) o: 6.84 (1H, brs, H-2), 6.78 (1H, overlapped,
H-5), 6.73 (1H, overlapped, H-6), 4.49 (1H, d, J=17.3
Hz, H-7), 1. 95 (1H, m, H-8), 3.32 (2H, m, H-9), 6.85
(1H, brs, H-2"), 6.77 (1H, overlapped, H-5"), 6.76 (1H,
overlapped, H-6"), 4.05 (1H, m, H-7"), 2.55 (1H, m,
H-8'), 4.03 (1H, m, H-9'a), 4.13 (1H, m, H-9'b), 3.92
(3H, s, 3-OCH3), 3.89 (3H, s, 3'-OCH;); C-NMR
(100 MHz, CDCl;) d: 129.5 (C-1), 110.7 (C-2), 147.2
(C-3), 151.3 (C-4), 114.2 (C-5), 123.9 (C-6), 198.8
(C-7), 49.9 (C-8), 70.9 (C-9), 132.8 (C-1'), 109.5
(C-2"), 145.9 (C-3"), 147.2 (C-4"), 114.3 (C-5"), 120.5
(C-6), 84.2 (C-7"), 52.5 (C-8'), 61.9 (C-9), 56.1
(3-OCH3), 56.0 (3'-OCH3). tL&% 5 %5 4 vladinol
DR,

B 6: AT A, m/z: 413 [M+H] .
[a]¥ —8.5° (¢ 0.21, CHCl;). 'H-NMR (400 MHz,
CDCly) d: 4.83 (1H, d, J = 3.9 Hz, H-1), 3.48 (1H, m,
H-2), 3.23 (1H, m, H-3), 7.50 (1H, s, H-5), 6.65 (1H,
s, H-8), 4.52 (1H, m, H-110), 4.33 (1H, m, H-11p),
6.35 (2H, s, H-2', 6), 6.07 (2H, d, J = 8.1 Hz,
0-CH,-0), 3.76 (6H, s, 3', 5'-OCHs), 3.70 (3H, s,
4'-OCH3); “C-NMR (100 MHz, CDCl;) 6: 47.1 (C-1),
45.0 (C-2), 43.7 (C-3), 192.8 (C-4), 106.2 (C-5), 148.2
(C-6), 148.2 (C-7), 109.9 (C-8), 141.9 (C-9), 128.4
(C-10), 67.0 (C-11), 173.1 (C-12), 132.4 (C-1), 107.9
(C-2), 153.2 (C-3"), 137.9 (C-4"), 153.2 (C-5'), 108.0
(C-6"), 107.9 (O-CH,-0), 56.6 (3', 5-OCH3), 60.8
(4-OCHs). &% 6 %58 N AR

WEY 7. AT AR, miz: 395 [M+H] .
'H-NMR (400 MHz, CDCl;) 8: 7.53 (1H, s, H-5), 7.05
(1H, s, H-8), 5.51 (2H, m, H-11), 6.79 (1H, d, J= 1.7
Hz, H-2), 6.90 (1H, d, J = 7.9 Hz, H-5"), 6.77 (1H, dd,
J=1.,79 Hz, H-6'), 6.07 (2H, s, O-CH,-0), 3.78
(3H, s, 4-OCH3), 4.06 (3H, s, 6-OCHj3), 4.10 (3H, s,
7-OCH;3): "“C-NMR (100 MHz, CDCLy) &: 134.5
(C-1), 119.0 (C-2), 124.7 (C-3), 148.1 (C-4), 100.7
(C-5), 151.5 (C-6), 150.7 (C-7), 106.4 (C-8), 126.0
(C-9), 130.9 (C-10), 67.0 (C-11), 66.7 (C-12), 128.8

(C-1"), 110.9 (C-2'), 147.6 (C-3"), 147.6 (C-4'), 108.5
(C-5"), 123.7 (C-6"), 101.3 (O-CH,-0), 59.7 (4-OCHs),
56.4 (6-OCHs), 56.0 (7-OCHs). tb &4 7 458 NEG IR
ek Al
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