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A new macrocyclic flavonoid from Onychium japonicum
LIAO Guang-feng’, MO Liu-yan’, TENG Ming-xue, XU Xiu-hong, HUANG Qian-xi, LU Ru-mei’

(College of Pharmacy, Guangxi University of Chinese Medicine, Nanning 530001, China)

Abstract: Seven compounds were isolated from Onychium japonicum by macroporous resin, silica gel, ODS,
Sephadex LH-20 column chromatography and semi-preparative HPLC. Their structures were identified by NMR,
MS and other spectroscopic methods as onychone A (1), quercetin (2), quercetin-3-O-a-L-rhamnoside (3), kaemp-
ferol-7-O-p-D-glucopyranoside (4), kaempferol-3-O-a-L-rhamnopyranoside (5), (—)-prunin (6), and norathyriol (7).
Compound 1 is a novel macrocyclic flavonoid, and all the others are reported from this plant for the first time. /n
vitro cytotoxic activities of compounds 1-7 were evaluated by MTS testing with five cancer cell lines. Compound
7 exhibited weak cytotoxicity against tumor cell lines A549, SMMC-7721, and SW480.
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'H NMR i /1 2R A 10 A5 7 s 0 i 115 5
G, HEMTTRE S A 1 ABX R AR RIMZEE [0, 8.03
(1H, d, J=2.1 Hz, H-2""), 7.38 (1H, dd, J = 8.3, 2.3 Hz,
H-6""), 6.97 (1H, d, J = 8.2 Hz, H-5"")]; 1 /> AA'BB'#
H KR ZEIE [0, 7.54 (2H, d, J = 8.3 Hz, H-2',-6"),
6.68 (2H, d, J = 8.3 Hz, H-3',-5")]; 1 NS 55 & it 1
55 0, 6.35 (1H, s, H-8) & 2 /N e SR iR 115 5[4,
7.74 (1H, d, J=16.0 Hz, H-7""), 6.69 (1H, d, J = 16.1 Hz,
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Figure 1 Chemical structures of compounds 1-7
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WAS 55 TN ER I AE 5 6. 64.0 X 1 DMHEE(E S
. 18.1. 'H-'H COSY i .75 H-5""/H-6""HH 5%, H-7""/
H-8""#1 5%, HMBC 1% .78 H-2"" 5 C-4"".C-6"".C-7""
H2%, H-6"" 5 C-2"".C-4"".C-7""fI %, H-T"" 5 C-2""
C-6"".C-9""#H 2%, H-8"" 5 C-1""H1 3K, WiE T X #2 5k #:
PR AL Fr BURAEAE (K2).

'H-"H COSY i i/~ P 4L R ik B e il & F Bt: H-
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H-5"/H,-6", #EM ] BEAFAE— B AHEAI — D BT BT
T TR KR SRy, O 4 W S AR O TR S B [0, 5.44
(1H, d,J= 1.3 Hz, H-1"), 3.36 (1H, d, J = 7.7 Hz, H-1")],
B AW E N a-L- R 2 FEA B-D- & pE" . HMBC 1% &
A~ H-3"5 C-1"H 5%, H-6"15 C-9""#H 5%, Ui B B 2= b 1)
C-3" o7 38 i 48 S5 15 % 6 0 P i C- 17 (S AH S, 7 %)
i K (¥ C-6 38 I iR i 5 0T ¥R R R B R v B ) €97
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2, 2 G YRR 15 AR T, 'H-"H COSY i
{78 H-2' (H-6")/H-3' (H-5") # 5%, HMBC ¥ & 7% H-2'
(H-6") 5 C-2 #1155, H-8 5 C-6.C-7.C-10 1%, 45 &1k
S B o7 2, Y EA A WIS AT AE — AN SR B .
HMBC i 2R, RZEHE M H-175 C-3 M1 ¢, X B J e J

Glc = Glucose, Rha = Rhamnose
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'H-'H COSY (=) and key HMBC (—=) correlations
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Figure 2
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Figure 3 Comparison of the measured ECD spectrum of compound
1 and calculated for (aS)-1 (truncated). (o = 0.46; shift = +10 nm)
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2t e 36 A AR ER AL); B8 % Autopol IV Jig Y612
i & 57 Avance 11T -500 MHz 7 4% 14 FE 4R B A% (4 [
L8 KA, FEER R NICOLET iS10 %Y rf 417 41 5%
A (35 E FE B WM IR & |]); Z24E 16 TOF-G6230 A it

Table 1 'H NMR (500 MHz) and "C NMR (125 MHz) spectroscopic data for 1 in CD,0D

No. O, type oy (Jin Hz) No. o, type 0, (Jin Hz)
2 159.7,C 5" 72.0, CH 3.90,dq (9.5, 6.1)
3 1343,C 6" 18.1, CH, 1.33,d (6.1)
4 179.0,C 1" 107.0, CH 3.36,d (7.7)
5 162.9,C 2" 76.3, CH 3.16, overlapped
6 106.5,C 3" 77.1, CH 3.27,t(9.2)
7 162.2,C 4" 71.6, CH 3.04,t(9.4)
8 100.1, CH 6.35,s 5" 77.4, CH 3.16, overlapped
9 155.7,C 6" 64.0, CH, 5.35,dd (12.0, 2.0)
3.51,dd (12.0, 9.6)
10 107.0,C " 127.0,C
1 122.0,C 2m 133.7, CH 8.03,d(2.1)
2'6' 133.2, CH 7.54,d(8.3) 3 1209, C
35" 116.5,CH 6.68,d(8.3) 4" 158.9,C
4 161.6,C s 117.9,CH 6.97,d(8.2)
1" 102.8, CH 5.44,d (1.3) 6" 133.3,CH 7.38,dd (8.3,2.3)
2" 68.7, CH 3.65,dd (3.6, 1.3) 7" 145.2, CH 7.74,d (16.0)
3" 85.4, CH 3.08,dd (9.3,3.7) 8"" 117.2, CH 6.69,d (16.1)
4" 72.5, CH 3.46,d (9.5) 9" 168.1, C
Table 2 Cytotoxicity of compound 7 against tumor cell lines. DDP: Cisplatin
IC,, value/umol-L"'
Compd.
HL-60 A549 SMMC-7721 MDA-MB-231 SW480
7 > 50 39.18+1.40 25.67+0.50 > 50 36.77 £2.04
DDP 6.65 +0.83 16.74 £ 0.68 5.05+0.12 26.69 +0.50 28.83+0.83
Taxol <0.008 <0.008 0.12 +0.02 <0.008 <0.008
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JirdE SW480 4l i ik (3£ 1E ATCC).
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BHEA R AR SR, &) R AR B H g s
05 0T 245 5 Hh R R 4 R R R B R R R
Onychium japonicum (Thumb.) Kunze [ 5428, 1Y)
FRA (%5 IDC-001) LRAF T 78 1 8 24 K 24 2 e
1 R#RBSSE

T P T R R A 18 kg, FH 75% LI AA
[l FEE 2 K, FFIR 2 ho & FHEHREURUG I8 IR 45 15 15
RE2076 g, MIRE HEEKER, KA A mEE. 2
I T AN IE T B AL EL, RIS 7, 49 A i B A0 R
110 g, & OBEHALIRE 1023 g, IE T HEMALIRE
217 g MUKFALIR B 726 g.

LR BRI ATIR B 950 g, 42 AB-8 K AL flg A
2B, IR LR EE-7K (30%~ 100%) B FE e, 15 5
5Ny Fr. A~Fr. E. Fr. BARERFE (i35, bL—
A K- FEE (5001301110015 1—3:1—1:1—
0:1) RGBEEVEM, 155 11 D44 Fr. B.1~Fr. B.11.
Fr. B.8 22 C18 [ AH i AR & 4 € 3 (B - 7K, 10%~
100%) 155 8 14147 Fr. B.8.1~Fr. B.8.8. Fr. B.8.5 Ak
Je At i 43 B85, DA & B EE (501 1—30:1—20:1—
1501100 15 1—1: 102 1) 3k fid 7 35 47 86 1 Bk
fii, 155 8 1414 Fr. B.8.5.1~Fr. B.8.5.8. Fr.B.8.5.5%4
e ) 4% T ROBRH (3 (25% 27K, 3 mL-min™) 43 &
BRI AT (4.9 mg, 1, = 24.2 min) L &2 (4.2 mg,
t, = 37.1 min), Fr.B.8.5.8 2 MCI ¥ & if (H FE-/K,
30%~100%) #3644y Fr. B.8.5.8.1~Fr. B.8.5.8.6.
Fr. B.8.5.8.4 % Sephadex LH-20 #: & i (FH %) 43 59, 1
22 2 1) £ T SO A3 (22% 2 FE-7K, 3 mL-min™) 43
HAAEMLAS (293 mg, t, = 33.0 min). Fr. B.9 &

CI8 F: B il (FFEE-/K, 10%~100%) 3 %] 11 4> 4 4>
Fr. B.9.1~Fr.B.9.11. Fr. B.9.5 2| 4% v SO €0 1%
(43% HliE-7K, 3 mL-min™) 70 & 15 2454 6 (8.5 mg,
t, = 17.5 min).4 (3.2 mg, t, = 22.0 min).3 (7.0 mg, ¢, =
30.0 min). Fr.B.9.8 2 Y-l £ i RAH €13 (28% L G-
K, 3 mL'min™) 73 B EMLEPI1 (5.9 mg, £,= 19.5 min).
2 BRKBERITENRN

FREUE AP0 1 (1.0 mg), I 2 mol- L' i (5 mL),
#d, T 100 °C B4 h, kR K48 2T 5 M 5 mL 2%
TRK R, 288 ZBEAEH 3 9%, BRI 5 mL. KK fiff5 5]
%) LR R 2 AN AR R 23 A T8 A L-2F e R s L
R (1.0 mg) MIAEIE (1 mL) H, FF7E 60 °C K I v
1 h 5 IS F 2R S it WUR IR (2 pL), JFK IR ALE 60 °C
TSR T h, IREE T W RN AP T HPLC 43
BT [YMC-Pack ODS-A i (250 mm x 4.6 mm, 5 um),
WA I D7k = 25275, £ 0.8 mL-min™, 6 I %
KN 250 nm, A7 N 30 °C, #EFER NS pl]. @I ELEE
o o W A7 A A2 RRE o SRR A A A 1 R B T (D, 6 E Ak
W) R BB ) 28 36 K RS (D- % BE 20.43 min, L- 28
B 34.67 min).
3 HFHEE

&1 EEEA; [a]? +769.7 (¢ 0.1, MeOH);
HR-ESI-MS 75 #E 73 F # F W§E m/z: 737.171 7 [M-H]
(& AH 737.171 8), 7+ XN C, H,,0,,; UV (MeOH)
A (log &) 203 (4.18), 227 (4.47), 298 (4.54) nm; IR (KBr)
v, 3424,2911,1703,1641,1601,1508, 1359, 1173,
1 070, 983, 812 ¢cm”; 'H NMR (500 MHz, CD,0OD)
H1°C NMR (125 MHz, CD,0D) %45 1.3 1.

th&M2  FEAKAK; EI-MS m/z: 302 [M]', 20 730
C,;H,,0.; '"H NMR (500 MHz, CD,OD) 6,;: 7.74 (1H, d,
J=2.1 Hz, H-2"), 7.63 (1H, dd, J = 8.5, 2.1 Hz, H-6"),
6.88 (1H, d, J = 8.4 Hz, H-5"), 6.39 (1H, d, J = 2.1 Hz,
H-8), 6.18 (1H, d, J = 1.9 Hz, H-6); "C NMR (125 MHz,
CD,0D) d,.: 148.0 (C-2), 137.3 (C-3), 177.3 (C-4), 158.2
(C-5), 99.3 (C-6), 165.7 (C-7), 94.4 (C-8), 162.5 (C-9),
104.5 (C-10), 124.2 (C-1'), 116.0 (C-2"), 146.2 (C-3"),
148.7 (C-4"), 116.2 (C-5"), 121.6 (C-6). LA ¥4k 5 ¢
BRU PR TE He AR — B, O RS 2 i R %

&3 Ok K, ESI-MS m/z: 471 [M+Na]',
4>+ C, H,,0,;; '"HNMR (500 MHz, CD,0D) §,;: 7.34
(1H, d, J = 2.1 Hz, H-2"), 7.31 (1H, dd, J = 8.2, 2.1 Hz,
H-6"), 6.91 (1H, d, J = 8.3 Hz, H-5"), 6.37 (1H, d, J =
2.0 Hz, H-8), 6.20 (1H, d, J = 2.0 Hz, H-6), 5.35 (1H, d,
J=1.6 Hz, H-1"), 422 (1H, dd, J = 3.4, 1.7 Hz, H-2"),
3.75 (1H, dd, J = 9.4, 3.4 Hz, H-3"), 3.42 (1H, dq, J =
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9.5, 6.2 Hz, H-5"), 3.35 (1H, m, H-4"), 0.94 (3H, d, J =
6.1 Hz, H-6"); "C NMR (125 MHz, CD,0D) J.: 159.3
(C-2), 136.2 (C-3), 179.6 (C-4), 163.2 (C-5), 99.8 (C-6),
166.0 (C-7), 94.7 (C-8), 158.5 (C-9), 105.9 (C-10), 123.0
(C-1"), 116.9 (C-2'), 146.4 (C-3"), 149.8 (C-4"), 116.4 (C-
5"), 122.8 (C-6"), 103.5 (C-1"), 71.9 (C-2"), 72.1 (C-3"),
73.2(C-4"),72.0 (C-5"), 17.7 (C-6"). LA EHdh 5kt
o A — 3, WO E A 3 i ER -3-0-a-L-Tik
Ry S

b &4 FAOKK; ESI-MS m/z: 447 [M-H], 7
T C,H,,0,;; 'H NMR (500 MHz, CD,0D) 6,;: 8.13
(2H, d, J = 9.0 Hz, H-2',6'), 6.91 (2H, d, J = 9.0 Hz,
H-3',5"), 6.77 (1H, d, J = 2.2 Hz, H-8), 6.47 (1H, d, J =
2.1 Hz, H-6), 5.06 (1H, d, J = 7.3 Hz, H-1"), 3.94 (1H,
dd,J=12.1,2.3 Hz, H-2"), 3.72 (1H, dd, J= 12.2, 5.8 Hz,
H-3"),3.55(1H, ddd,J=9.8,5.8,2.3 Hz, H-5"), 3.50 (2H,
m, H-4",6"a), 3.40 (1H, t, J = 9.3 Hz, H-6"b); *C NMR
(125 MHz, CD,0D) d,: 148.8 (C-2), 137.6 (C-3), 177.6
(C-4), 162.2 (C-5), 100.2 (C-6), 164.5 (C-7), 95.6 (C-8),
157.8 (C-9), 106.3 (C-10), 123.6 (C-1"), 130.9 (C-2',6"),
116.3 (C-3",5"), 160.8 (C-4"), 101.6 (C-1"), 74.7 (C-2"),
77.9 (C-3"), 71.3 (C-4"), 78.4 (C-5"), 62.5 (C-6"). Ll L
Hds 5 ORI T B A — B, USRS 4 I
13y-7-O-p-D-%ii % BT .

th&¥5 Ok K, ESI-MS m/z: 455 [M+Na]’,
4> ¥ C, H,,0,,; 'HNMR (500 MHz, CD,0OD) 6,;: 7.75
(2H, d, J = 8.5 Hz, H-2',6'), 6.92 (2H, d, J = 8.4 Hz, H-
3',5"), 6.34 (1H, s, H-8), 6.18 (1H, s, H-6), 5.37 (1H, d,
J=1.6 Hz, H-1"), 424 (1H, dd, J = 3.3, 1.7 Hz, H-2"),
3.72 (1H, m, H-3"), 3.34 (2H, m, H-4",5"), 0.93 (3H, m,
H-6"); "C NMR (125 MHz, CD,0D) J.: 159.2 (C-2),
136.2 (C-3), 179.5 (C-4), 163.1 (C-5), 99.8 (C-6), 165.9
(C-7), 94.8 (C-8), 158.5 (C-9), 105.9 (C-10), 122.6 (C-
1), 131.9 (C-2',6"), 116.5 (C-3',5"), 161.5 (C-4"), 103.4
(C-1"), 71.9 (C-2"), 72.1 (C-3"), 73.2 (C-4"), 72.0 (C-
5"),17.6 (C-6"). LA b %4l 5 SCR! i A — £, i
WENAEY S R AT 3-0-a-L-ME i 5425

&6 RFEAR K, [a]5 —42.1 (¢ 0.1, MeOH);
ESI-MS m/z: 457 [M+Na]", 43 ¥ C, H,,0,,; '"H NMR
(500 MHz, CD,0OD) §,;: 7.32 (2H, d, J = 8.6 Hz, H-2',6"),
6.82 (2H, d, J = 8.6 Hz, H-3',5"), 6.21 (1H, t, J = 2.2 Hz,
H-8), 6.19 (1H, t, J= 2.2 Hz, H-6), 5.38 (1H, dt, J = 2.8,
13.0 Hz, H-2), 4.97 (1H, dd, J = 5.4, 7.2 Hz, H-1"), 3.88
(1H, ddd, J = 1.1, 2.2, 12.2 Hz, H-6"a), 3.69 (1H, ddd,

J=3.9,5.5,12.1 Hz, H-6"b), 3.43 (4H, m, H-2",3" 4" 5"),
3.17 (1H, ddd, J= 1.5, 13.0, 17.2 Hz, H-3a), 2.75 (1H, dt,
J = 3.3, 17.2 Hz, H-3b); "C NMR (125 MHz, CD,0D)
Je: 80.7 (C-2), 44.1 (C-3), 198.5 (C-4), 164.9 (C-5), 98.0
(C-6), 167.0 (C-7), 96.9 (C-8), 164.6 (C-9), 104.9 (C-
10), 130.8 (C-1"), 129.1 (C-2',6), 116.3 (C-3',5"), 159.1
(C-4"), 101.2 (C-1"), 74.6 (C-2"), 78.2 (C-3"), 71.1 (C-
4", 77.8 (C-5"), 62.3 (C-6"). LA b % 5 TR )
TR, M e A4 6 4 (-)-prunin.

REMT WA, EI-MS m/z: 260 [M]', 4 F
3 C;H,0,; '"H NMR (500 MHz, CD,0D) §,,: 7.43 (1H, s,
H-8), 6.81 (1H, s, H-5), 6.28 (1H, d,J= 1.7 Hz, H-4), 6.14
(1H, d, J = 1.7 Hz, H-2); "C NMR (125 MHz, CD,0D)
5.1 164.4 (C-1), 98.7 (C-2), 166.3 (C-3), 94.7 (C-4), 159.4
(C-4a), 155.2 (C-5a), 103.5 (C-5), 144.8 (C-6), 153.2 (C-
7), 109.1 (C-8), 113.9 (C-8a), 181.1 (C-9), 103.3 (C-9a).
DL b B ds 5 SRR T B A — B, S AT
1,3,6,7- VY %2 Hnlife .

4 PRI LRREEIE MM

8 10% a4+ 1% ()35 75 (DMEM B, RMPI1640)
B A o 41 A BT, AR AL 3x10°~1.5x10° 4> 41 il £k
e Rl 3] 96 FLARK, BFFLAAFL 100 uL, 559524 h 555 £ 1H
R e Y, BA 3N EAL, B AMIMA R 5E
AREIRI, SEURLH A3 NN B AR IR 1) 56 4 5 IR IR
200 pL/FL, B A1k &4 H DMSO ¥ fi#, §1U00 % 44 ik
FE R FLAAR AL A9 50 pmol- L, R 48 41 97 45 S kAT R 0,
BARAL B WL E 53 58 50.10.2.0.4.0.08 pmol-L™;
FE 4 (DDP) Fl5 42 B (Taxol) P AN BH 4 X & 2 .
B RN SR TP RS 9% 48 h G, 5 UGB A AL A (1)
R FR I I MTS ¥ 0F 55 7505 531 4 20 AT 100 uL;
I BIE MM AL N B IR EIE R 100 pL, FEANA MTS %
W20 pl. B2 E N MTS 3% 1 A0 B 72 7049 3 24 20 Al
100 L B 3D B E AL, AR R E 2~4h
Ja W0 E SEIR A . AEFH 2 Th R B bR X T 492 nm K
Ak, SR HFIE R L OD A

I A KA = [1 - (SEER41 oD - A
OD1H) / (X & ZH OD 1 - %% 141 OD1E)] x 100%, HF)
H] Graphpad Prism i+ 5240 HIHE (IC,,)-

e B P RSO {1 BRI B K
TG RNT IR SC B AR SR AR SO R 28 — 1R, 15T
FEEUY B VM R SO E ;BRI S AR TS UL T g T
I 58 s 23 SR B AR 8 A A P kg e A S iR AE
B 5T I VT F A OG, SRALA SR, S H RS SR T AE.

FIZE RS BrA 1R 75 AR SCTCAT AT 2 5% o
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