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Chemical constituents from flowers of Wikstroemia chamaedaphne and their
anti-hepatitis B virus activity
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Abstract: Objective To study the anti-hepatitis B virus diterpenoids from flowers of Wikstroemia chamaedaphne. Methods The
chemical constituents of the plant were isolated and purified by column chromatography and their structures were elucidated on the
basis of physicochemical properties, X-ray, and spectral data. The antivirus assay was tested by MTT and ELISA methods. Results
Six daphnane-type diterpenoids and one tigliane-type diterpenoid were obtained and determined as simplexin (1), pimelotide A (2),
pimelotide C (3), wikstroelide E (4), pimelea factor S6 (5), pimelea factor S7 (6), and 6a,70-epoxy-5B-hydroxy-12-
deoxyphorbol-13-decanoate (7), along with two flavonoid glycosides luteolin-4'-O-B-D-glucoside (8) and isoquercitrin (9).
Compounds 1—4 and 7 showed certain cytotoxicity on HepG2.2.15 and compound 3 exhibited strong anti-hepatitis B virus activities
with ICsy value of 0.016 pg/mL against HBV surface antigen (HBsAg), with TI (Therapeutic Index) value of 355.63. Conclusion
Compounds 7 and 8 are isolated from the genus for the first time. And it is the first time to report the X-ray structure of compound 2
and the anti-hepatitis B virus activity of compound 3 (pimelotide C).
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Fig.1 Chemical and X-ray structure of compound 2
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B 1: KR 5S%IRIR IR - £ B ok fa,
HR-ESI-MS m/z: 533.308 1 [M+H]", 4 F=\h
C30H4405: "H-NMR (600 MHz, CDCl5) d: 7.52 (1H, s,
H-1), 4.19 (1H, s, H-5), 3.35 (1H, s, H-7), 2.86 (1H, s,
H-8), 3.72 (1H, d, J = 1.8 Hz, H-10), 2.44 (1H, m,
H-11), 1.58 (1H, d, J = 6.6 Hz, H-12), 432 (1H, s,
H-14), 4.97 (1H, s, H-16a), 4.84 (1H, s, H-16b), 1.73
(3H, s, H-17), 1.10 (3H, d, J = 7.2 Hz, H-18), 1.73
(3H, d, J = 4.2 Hz, H-19), 3.81 (1H, d, J = 12.6 Hz,
H-20a), 3.79 (1H, d, J = 12.6 Hz, H-20b), 1.89 (2H,
m, H-2'), 1.55 (2H, m, H-3"), 1.57 (2H, m, H-4"), 1.56
(2H, m, H-6'a), 1.58 (2H, m, H-6'b), 1.55 (2H, m,
H-7"), 1.54 (2H, m, H-8'), 1.53 (2H, m, H-9'), 0.83
(H, t, J = 6.0 Hz, H-10"); "“C-NMR (150 MHz,
CDCl;) 6: 160.7 (C-1), 136.4 (C-2), 209.4 (C-3), 71.1
(C-4), 72.6 (C-5), 60.9 (C-6), 64.1 (C-7), 36.6 (C-8),
78.7 (C-9), 48.1 (C-10), 34.8 (C-11), 36.4 (C-12), 84.0
(C-13), 81.7 (C-14), 146.3 (C-15), 111.0 (C-16), 19.0
(C-17), 20.3 (C-18), 9.9 (C-19), 65.4 (C-20), 119.2
(C-1'), 36.5 (C-2'), 29.6 (C-3'), 29.5 (C-4), 29.6 (C-5),
29.5 (C-6), 23.4 (C-7"), 31.8 (C-8"), 22.6 (C-9"), 14.1
(C-10"). VLB 5 ockapiE —s8M, seth s
/B WG EY N

Ew 2. AEEHREAE, mp 256~260 C;

5% Wi R - LB WA, 4> T30 C3oHyOo
'H-NMR (600 MHz, CDCls) 8: 2.52 (1H, dd, J = 10.2,
3.6 Hz, H-1), 4.97 (1H, s, H-5), 3.49 (1H, d, J = 7.2
Hz, H-7), 3.23 (1H, d, J = 7.2 Hz, H-8), 2.81 (1H, d,
J = 3.6 Hz, H-10), 1.95 (1H, m, H-11), 2.10 (1H, d,
J=42Hz, H-12), 429 (1H, d, J = 1.8 Hz, H-14), 4.97
(1H, s, H-16a), 429 (1H, s, H-16b), 1.73 (3H, m,
H-17), 1.34 (3H, d, J = 6.6 Hz, H-18), 1.76 (3H, s,
H-19), 4.10 (1H, d, J = 12.0 Hz, H-20a), 4.08 (1H, d,
J=12.0 Hz, H-20b), 1.81 (2H, m, H-2"), 1.51 (2H, m,
H-3'), 1.28 (1H, m, H-4"), 1.71 (1H, m, H-4"), 1.50
(1H, m, H-5'), 1.14 (1H, m, H-5"), 1.50 (1H, m, H-6"),
1.12 (1H, m, H-6'), 1.25 (1H, m, H-7), 1.50 (1H, m,
H-7'), 2.29 (1H, m, H-8"), 1.04 (1H, m, H-8'), 1.25
(1H, m, H-9), 1.03 (3H, d, J = 6.0 Hz, H-10;
BC-NMR (150 MHz, CDCL) ¢: 54.7 (C-1), 112.0
(C-2), 174.6 (C-3), 86.6 (C-4), 68.6 (C-5), 59.3 (C-6),
59.3 (C-7), 35.4 (C-8), 80.9 (C-9), 55.5 (C-10), 36.1
(C-11), 37.6 (C-12), 83.4 (C-13), 81.4 (C-14), 146.2
(C-15), 111.2 (C-16), 24.2 (C-17), 25.2 (C-18), 26.8
(C-19), 63.2 (C-20), 120.1 (C-I'), 31.0 (C-2), 18.9
(C-3), 19.9 (C-4"), 20.0 (C-5"), 22.1 (C-6'), 30.9
(C-7"), 30.9 (C-8'), 31.4 (C-9"), 22.3 (C-10"). LA ¥k
a5 ScRAE — 2, AE Xeray (B 1D 5T
AR EY) 2 4 pimelotide Ao

AW 3: AEMA; S%IkERIR- LR B A,
HR-ESI-MS m/z: 547.290 9 [M+H]", 4> TN
C30H400; 'H-NMR (600 MHz, CDCls) d: 2.18 (1H,
dd, J=10.8, 7.2 Hz, H-1), 4.89 (1H, s, H-5), 3.41 (1H,
s, H-7), 3.14 (1H, d, J = 1.8 Hz, H-8), 3.02 (1H, d, J =
7.8 Hz, H-10), 2.48 (1H, m, H-11), 2.06 (1H, m,
H-12), 426 (1H, d, J = 1.2 Hz, H-14), 498 (1H, s,
H-16a), 4.86 (1H, s, H-16b), 1.76 (3H, s, H-17), 1.34
(3H, d, J = 9.6 Hz, H-18), 1.78 (3H, s, H-19), 3.62
(1H, d, J = 12.0 Hz, H-20a), 3.61 (1H, d, J = 12.0 Hz,
H-20b), 1.85 (2H, m, H-2), 1.51 (2H, m, H-3'), 1.30
(1H, m, H-4"), 1.72 (1H, m, H-4"), 1.50 (1H, m, H-5"),
1.22 (1H, m, H-5"), 1.50 (1H, m, H-6'), 1.24 (1H, m,
H-6'), 1.26 (1H, m, H-7"), 1.50 (1H, m, H-7'), 2.06
(1H, m, H-8'), 1.08 (1H, m, H-8'), 2.08 (1H, m, H-9"),
1.07 (3H, d, J= 7.2 Hz, H-10"); "C-NMR (150 MHz,
CDCly) §: 54.1 (C-1), 112.7 (C-2), 173.1 (C-3), 86.5
(C-4), 67.5 (C-5), 59.7 (C-6), 59.3 (C-7), 35.8 (C-8),
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81.1 (C-9), 48.7 (C-10), 37.2 (C-11), 36.8 (C-12), 83.8
(C-13), 81.0 (C-14), 146.1 (C-15), 111.3 (C-16), 18.6
(C-17), 21.1 (C-18), 19.9 (C-19), 63.8 (C-20), 119.4
(C-1'), 31.0 (C-2), 20.2 (C-3"), 25.8 (C-4"), 24.4 (C-5',
242 (C-6), 25.8 (C-7"), 25.2 (C-8'), 29.4 (C-9'), 18.8
(C-10", LU ¥t 5 ek —2", dose ity
Y1 3 24 pimelotide C.

WEY 4: AEAE; S%IRIRIR- LB RA A,
HR-ESI-MS m/z: 547290 9 [M+H]", 2>+ N
C30Hy40g: 'H-NMR (600 MHz, CDCL3) 8: 2.10 (1H,
m, H-1), 4.10 (1H, d, J = 6.0 Hz, H-5), 3.43 (1H, s,
H-7), 2.88 (1H, d, J = 2.4 Hz, H-8), 3.31 (1H, d, J =
10.8 Hz, H-10), 2.61 (1H, m, H-11), 2.20 (1H, dd, J =
12.0, 7.2 Hz, H-12a), 1.72 (1H, m, H-12b), 4.34 (1H,
d, J = 2.4 Hz, H-14), 5.01 (1H s, H-16a), 4.90 (1H, s,
H-19), 3.89 (1H, d, J = 12.0 Hz, H-20a), 3.75 (1H, d,
J=12.0 Hz, H-20b), 0.89 (3H, d, J = 6.0 Hz, H-10");
BC.NMR (150 MHz, CDCly) &: 49.0 (C-1), 42.5
(C-2), 219.6 (C-3), 76.0 (C-4), 71.6 (C-5), 60.9 (C-6),
65.2 (C-7), 36.6 (C-8), 80.8 (C-9), 43.0 (C-10), 35.0
(C-11), 36.1 (C-12), 83.4 (C-13), 82.0 (C-14), 146.1
(C-15), 111.0 (C-16), 18.8 (C-17), 21.2 (C-18), 13.4
(C-19), 65.3 (C-20), 119.8 (C-I'), 33.6 (C-2'), 19.5
(C-3"), 27.6 (C-4"), 28.2 (C-5'), 28.4 (C-6'), 282 (C-7"),
38.2 (C-8'), 29.4 (C-9"), 12.4 (C-10"). LA %¥ 5 ik
o —3, W E G 4 wikstroelide E-.

B 5: KK ; S%IRIRIR- LB B Bk,
HR-ESI-MS m/z: 555291 9 [M+Na]", 2> 7N
C30H4405: 'H-NMR (600 MHz, CDCLy) J: 2.04 (1H,
m, H-1), 2.10 (1H, m, H-2), 4.08 (1H, d, J = 4.2 Hz,
H-5), 3.40 (1H, s, H-7), 2.96 (1H, d, J = 2.4 Hz, H-8),
3.13 (1H, d, J = 12.0 Hz, H-10), 2.47 (1H, m, H-11),
1.68 (1H, d, J = 12.0 Hz, H-12) , 2.22 (1H, m, H-12),
428 (1H, d, J = 2.4 Hz, H-14), 5.01 (1H, s, H-16a),
4.90 (1H, s, H-16b), 1.78 (3H, s, H-17), 1.30 (3H, d,
J=17.2Hz, H-18), 1.18 (3H, d, J = 6.6 Hz, H-19), 3.91
(1H, d, J = 12.6 Hz, H-20a), 3.75 (1H, d, J = 12.6 Hz,
H-20b), 1.83 (2H, m, H-2'), 1.97 (2H, m, H-3"), 1.28
(2H, m, H-4"), 1.40 (2H, m, H-5"), 1.28 (2H, m, H-6),
1.55 (2H, m, H-7), 1.54 (2H, m, H-8'), 2.53 (1H, m,
H-9'), 0.98 (3H, t, J = 6.6 Hz, H-10"); ">C-NMR (150
MHz, CDCls) d: 49.9 (C-1), 43.7 (C-2), 219.7 (C-3),
75.8 (C-4), 71.3 (C-5), 60.8 (C-6), 64.4 (C-7), 35.6

(C-8), 81.2 (C-9), 44.4 (C-10), 37.0 (C-11), 36.7
(C-12), 83.9 (C-13), 82.1 (C-14), 146.5 (C-15), 111.2
(C-16), 19.6 (C-17), 19.2 (C-18), 14.2 (C-19), 65.5
(C-20), 119.8 (C-I'), 33.6 (C-2'), 21.3 (C-3"), 24.2
(C-4"), 24.0 (C-5"), 24.7 (C-6'), 25.1 (C-7), 27.6
(C-8"), 28.7 (C-9), 18.9 (C-10"). VL % 55 ik
E—H, M E A 5 b pimelea factor S6.

AW 6: R A SY%Ik i IR- L0 B ks,
HR-ESI-MS m/z: 555.291 9 [M+Na]", 7> 74
C30Hy40g: 'H-NMR (600 MHz, CDCl3) d: 2.01 (1H,
m, H-1), 2.10 (1H, m, H-2), 4.11 (1H, d, J = 6.0 Hz,
H-5), 3.53 (1H, s, H-7), 2.88 (1H, d, J = 2.4 Hz, H-8),
3.32 (1H, d, J = 12.0 Hz, H-10), 2.38 (1H, m, H-11),
1.68 (1H, d, J = 12.0 Hz, H-12a) , 2.09 (1H, m,
H-12b), 4.35 (1H, d, J = 2.4 Hz, H-14), 5.01 (1H, s,
H-16a), 4.90 (1H, s, H-16b), 1.78 (3H, s, H-17), 1.38
(3H, d, J=7.2Hz, H-18), 1.10 (3H, d, J = 6.6 Hz,
H-19), 3.89 (1H, d, J = 12.6 Hz, H-20a), 3.77 (1H, d,
J=12.6 Hz, H-20b), 1.83 (2H, m, H-2'), 1.97 2H, m,
H-3'), 1.28 (2H, m, H-4), 1.40 (2H, m, H-5'), 1.28
(2H, m, H-6'), 1.55 (2H, m, H-7"), 2.20 (2H, m, H-8"),
2.63 (1H, m, H-9"), 0.90 (3H, t, J = 6.6 Hz, H-10");
BC-NMR (150 MHz, CDCl;) 6: 49.1(C-1), 42.6 (C-2),
219.7 (C-3), 76.0 (C-4), 71.5 (C-5), 61.2 (C-6), 64.3
(C-7), 35.1 (C-8), 80.9 (C-9), 43.1 (C-10), 36.6
(C-11), 36.2 (C-12), 83.4 (C-13), 82.7 (C-14), 146.5
(C-15), 111.0 (C-16), 18.9 (C-17), 20.7 (C-18), 13.4
(C-19), 65.4 (C-20), 119.8 (C-I'), 33.6 (C-2'), 21.3
(C-3"), 28.3 (C-4"), 28.5 (C-5'), 29.5 (C-6'), 24.8
(C-7"), 38.3 (C-8'), 26.5 (C-9"), 12.5 (C-10"). LA L%k
a5 scmkapaE — 5, MRS 6 i pimelea
factor S7.

a7 AETE M AR S%IINIR- LB W
Ftf, HR-ESI-MS m/z: 535.323 1 [M+H]", 1=
h C3HsOg: 'H-NMR (600 MHz, CDCL3) 6: 7.69
(1H, s, H-1), 427 (1H, s, H-5), 3.24 (1H, s, H-7), 2.02
(1H, dd, J = 15.0, 7.3 Hz, H-8), 3.92 (1H, s, H-10),
1.84 (1H, m, H-11), 1.55 (1H, dd, J = 15.3, 9.3 Hz,
H-12), 2.82 (1H, d, J = 7.3 Hz, H-14), 1.18 (3H, s,
H-16), 1.07 (3H, s, H-17), 0.91 3H, d, J = 6.0 Hz,
H-18), 1.76 (3H, brd, J = 1.2 Hz, H-19), 3.88 (1H, d,
J=12.0 Hz, H-20a), 3.75 (1H, d, J = 12.0 Hz, H-20b),
230 (2H, t, J = 10.8 Hz, H-2), 1.62 (2H, m, H-3),
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1.61 (2H, m, H-4"), 1.59 (2H, m, H-5'), 1.60 (2H, m,
H-6), 1.58 (2H, m, H-7'), 1.56 (2H, m, H-8'), 1.55
(2H, m, H-9"), 1.11 G3H, t, J = 7.0 Hz, H-10');
BC-NMR (150 MHz, CDCl3) &: 164.0 (C-1), 134.2
(C-2), 210.0 (C-3), 72.7 (C-4), 71.2 (C-5), 62.1 (C-6),
65.7 (C-7), 36.3 (C-8), 75.4 (C-9), 49.7 (C-10), 38.3
(C-11), 32.0 (C-12), 64.1 (C-13), 31.8 (C-14), 23.8
(C-15), 22.8 (C-16), 15.8 (C-17), 19.0 (C-18), 9.8
(C-19), 64.9 (C-20), 175.5 (C-1'), 34.4 (C-2'), 24.8
(C-3"), 29.1 (C-4"), 29.2 (C-5"), 29.2 (C-6'), 29.4
(C-7"), 31.8 (C-8'), 22.7 (C-9"), 14.1 (C-10"). LA L%k
5 ScmkAoE 83, Mt s ) 7l 60,70-
epoxy-5B-hydroxy-12-deoxyphorbol-13-decanoate .

&Y 8, HKA; 'HNMR (600 MHz,
CD;0D) ¢: 7.44 (2H, overlapped, H-2', 6), 7.38 (1H,
d, J = 8.4 Hz, H-5"), 6.60 (1H, s, H-3), 6.46 (1H, brs,
H-8), 6.22 (1H, s, H-6), 4.62 (1H, d, J = 7.4 Hz,
H-1"), 3.20~3.96 (6H, m, H-2"~6"); *C-NMR (150
MHz, CD;OD) ¢: 164.7 (C-2), 103.6 (C-3), 182.4
(C-4), 161.8 (C-5), 98.8 (C-6), 164.1 (C-7), 93.7
(C-8), 158.0 (C-9), 104.0 (C-10), 125.8 (C-1'), 113.4
(C-2), 147.2 (C-3"), 148.6 (C-4"), 116.5 (C-5'), 118.4
(C-6), 101.8 (C-1"), 73.4 (C-2"), 76.1 (C-3"), 69.9
(C-4"), 77.1 (C-5"), 61.0 (C-6"). LA F-Hdfs 15 sk
SR, et A 8 AR R 25-4'-0-B-D-
L

a9 ¥ AK; 'HNMR (600 MHz,
CD;0D) 8: 7.73 (1H, s, H-2"), 7.59 (1H, d, J = 8.4 Hz,
H-6'), 6.88 (1H, d, J = 8.4 Hz, H-5), 6.39 (1H, s,
H-8), 6.21 (1H, s, H-6), 5.25 (1H, d, J = 7.8 Hz,
H-1"), 3.23~3.76 (6H, m, H-2"~6"); *C-NMR (150
MHz, CD;OD) §: 157.3 (C-2), 133.9 (C-3), 177.8
(C-4), 161.3 (C-5), 982 (C-6), 164.4 (C-7), 93.0
(C-8), 156.7 (C-9), 104.0 (C-10), 121.3 (C-1"), 114.3
(C-2"), 144.2 (C-3"), 148.3 (C-4"), 115.9 (C-5"), 121.5
(C-6"), 102.6 (C-17), 74.0 (C-2"), 764 (C-3"), 69.5
(C-4"), 76.7 (C-5"), 60.8 (C-6"). LA L-Hdi 5 CikIRiE
AR, WA 9 S
4 MRRSEMERE HBVY &
4.1 {AREETEMERN

HepG2.2.15 4IHBZ 4k, #1458 2 X 10°/mL (1)
I LI LA 100 pL/ LR T 96 FLAH ks TRt
2 48 h KiFR)a, IS LEARE AN [RI R FE A S

GEEEEFE 9d (B 3 Rl 1 00O, FEEEEFRioh s
TR, AERFREFRALH IO BT B TR 95 uL A1 S mg/mL
M) MTT # S uL, #5), # 37 CHiFR3~4 h,
AT LU N A W SR A, A B R AN O AR N TR
LI DMSO 100 pL, =%, {45570 %1,
AR I 490 nm KA GREME, Al
MUAFIE %, e AR O A A K g, THE TCso
(R 1), I 4 AT =90% A m ik BEH T
SRt HBV 3.

F1 WEY 1~4. 7 RIMARRSIFEMER HBY FIEMR
HZR

Table 1
compounds 1—4 and 7

Results on cytotoxicity and anti-HBV of

HepG2.2.15 i HBV it
WA AR TCsy ., HBsAgill ICs/  HBeAg
wenl "™ b ugmL ) s
1 324 488X107  20.70 — 0

244X107°  18.12
1.22X107°  15.56
6.10X107*  12.16
3.05X10°4 1147

2 6.48 0.0195 8.41 — 0
9.77X10° 454
488x 107 0.00
244X10° 0.00
122X107 0.00
3 5.69 0.039 1 6156 0016 0
0.0195 49.87
9.77X107° 4499
488X107  38.56
244X107° 3384
4 730 7.63X10° 1379 — 0
3.81X107° 7.16
191X10° 258
9.54X10° 215
477X10° 0,00
7 478 7.63X10° 3253 — 0

381X10° 1644

191X10°  16.09

954X10° 1411

477X10°% 1371
Rk KE >200 200 28.60 — 348
QHieasyicy)
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4.2 K5 HBV SETERR

HepG2.2.15 4N 4k, #1455 2 X 10°/mL 1)
S M &, LA 100 pL/FLEERN T 96 FLA LG TRt
BiFE 48 h 5, IIANFRINKRBERIRE il (A PRE
F DMSO #Hi#, el 20 mg/mL REBL 4R )5 H 40
WLEE SRR N 2R AR S R il T AE0 » Rl AN
TIEE S B 0, AREEREE 9 d (BF 3 R 1
VO, WA LW, K HBsAg Fl e )i (HBeAg)
ELISA Wikl &, Ak a vl il DT, &
I HepG2.2.15 41 i &) HBsAg #11 HBeAg 7K~
THEREST HBV FL B 2 0 4026 =50% (1)
FEA L ICso A1 TI (TI=TCso/ICs), 45 IF 1.

R AT, A RSP s H— 5 (1 40 i
BEIEE, L TCso il 3.24~7.30 pg/mL, XHJEiX
St & AT AR, P HBY MR, fh
A1 3 Wonth W AE HBsAg (17300, H 1Cs
84 0.016 pg/mL, H. TI &k 355.63. X455
KT i A oe —wE AR PO BE 7 1R B BT,
IOUE T IR MHEN, 2= FXA Pt HBV 11E
FAMUHIIE 51— 25T

A EiBEF 9 KRFHFRAR HBV E RN
KPR B,

S 30k
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