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Chemical constituents from pseudobulb of Cremastra appendiculata

LI Xiao-ping, YUAN Wen-ke, LI Jian-ye, TANG Ya-qi, DENG Yan-lan, LIU Xin-qiao
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Abstract: Objective To study the chemical constituents from the pseudobulbs of Cremastra appendiculata. Methods The
compounds were isolated by repeated column chromatography with silica gel, Sephadex LH-20, and ODS-HPLC. The structures were
elucidated by analysis of spectroscopic ("H-NMR and '*C-NMR) data. Results Eleven compounds were isolated from the EtOAc
extract in the pseudobulbs of C. appendiculata. Their structures were identified as 3,5,3'-trihydroxybibenzyl (1), 7-hydroxy-4-
methoxy-phenanthrene-2-O-B-D-glucoside (2), lignan glycosides (3), ibotanolide A (4), 3,3'-dihydroxy-5-methoxy-2,4-di (p-
hydroxybenzyl) bibenzy (5), 5,4'-bihydroxy-bibenzyl-3-O-B-D-glucoside (6), 3'-B-D-glucopyranosyloxy-4,5'-dihydroxy-3-methoxy-
1,2-diphenylethane (7), cirrhopetalanthin (8), 7-hydroxy-2-4-dimethoxy-phenanthrene (9), B-daucosterin (10), and p-hydroxy
benzaldehyde (11). Conclusion Compounds 3—7 are isolated from the pseudobulbs of C. appendiculata for the first time.

Key words: pseudobulbs of Cremastra appendiculata (D. Don) Makino; 3',5',3'-trihydroxybibenzyl; 7-hydroxy-4-methoxy-
phenanthrene- 2-O-B-D-glucoside; 3,3'-dihydroxy-5-methoxy-2,4-di (p-hydroxybenzyl) bibenzy; 7-hydroxy-2-4-dimethoxy-phenanthrene
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1 (5,4'-bihydroxy-bibenzyl-3-O-p-D-glucoside, 6)-
3’-B-D-glucopyranosyloxy-4,5’-dihydroxy-3-methoxy-
1,2-diphenylethane (7). 2,2".7,7'-DU¥23E-4.4'- —H 4
FHE-1,1"-3F (cirrhopetalanthin, 8). 7-F£3&-2.4-
T HEIESE (7-hydroxy-2,4-dimethoxy-phenanthrene,
9). B-BHE ¥ (B-daucosterin, 10). X[ FEFEIAH
% (p-hydroxy benzaldehyde, 11). HH1b54) 3~
7 A E RN ZIE Y oy AR
1 NESHH

Agilent 400 DD2 # i H:ARE 1A% (S [H Agilent
/~wl); Dionex P680P f=#tiiAH (1% (SE[E Dionex
NFE], YMC 2A# Cig#E, 250 mmX20 mm, 5 um);
FECO SRR IR 2 (O iR (G ST ),
Sephadex LH-20 (Pharmacia 22 #)); FtHF N
SrHT4l

FERS 22T 2012 4F 3 J1R AW s, Zderh
B 2 K27 2 5 e MR ) 3B 8 ALY 22 Cremastra
appendiculata (D. Don) Makino [ gk =% .
2 RESESE

HFERS 22 (s =5 35 ke, M, FH 90%
S PIFPEI 3 IR, BRR 3 h, IR, 0K ML
OIS, INERAKWE, 20 A S
T £ T R 7K PR I T P 3R AT A A 31 45 8 A 4 X
Yo WESTR LB 210 g, SRERFE (IS5 5,
DUl E-TE PR S R-FHE (4212032100, 2
1:0.1:1:0.1:2:0.1:3:0.0:1:0.0:
95:5.0:90:10. 0:80:20) BEEEVEM, 1559
ANEIRZH S Fr. 1~9. Fr. 4 25, L
TR E-HIEE (98 12851 15) BRFEULM, 753
9 My Fr. 4a~41. Fr. 4h £¢ Sephadex LH-20, &
Pi-HlE (101 P, 1920 6 4~414) Fr. 4hl1~4h6,
Fr. 4d T HEZNTHASGY 10 (15 mg), Fr. 4h2
ODS-HPLC (28% i) 4fift., #3314k 54 3 (6 mg)
14 (8 mg); 414y Fr. 5 %4 Sephadex LH-20, S 1/i-
A (10D pEl, 193] 6 A~41% (Fr. 5a~50),
Fr. 5a il ODS-HPLC (70%H/) 4ifk, #3114
¥ 8 (9mg), Fr.5b F] ODS-HPLC (35% /%) 4
tb, HEMLAEY 5 (4mg) A9 (17 mg); 45 Fr. 6
SHEIRAT %y 2, DA S fe- A (98 1 2—6 !
1) BREEVEL, £33 7 A% Fr. 6a~6g, Fr. 64
Sephadex LH-20, &Ui-HEE (10 1) P, 7336
A7) Fr. 6f1~66), Fr. 65 38L& 11 (22
mg), Fr.6b /il ODS-HPLC (42% M) 4litk, 153

144 2 (30 mg); Fr. 6d il ODS-HPLC (35%Z.Jf5)
aift, BEAY 1 (8 mg); Fr. 7 LRERF ik
2, DUAThEE-BETR 1R (8 1 1—1:2) BREELEM,
1431 8 N4> Fr. 7a~7h.Fr. 7c i Sephadex LH-20,
AOI-FEECL D DY, 1330 5 AN Fr. 7e1~7¢5.
Fr. 7c1 31T ODS-HPLC (32%H ) 4lifk, 15214k
44 6 (6 mg); Fr. 7c2 #H4T ODS-HPLC (24% 2 J1%)
aift, MHEAEY 7 (8 mg).

3 HFHEE

A1 A TEE R K . 'H-NMR (400 MHz,
CD;0D) 6: 7.05 (1H, t, J = 8.0 Hz, H-5"), 6.65 (1H, m,
H-2'), 6.62 (1H, m, H-6"), 6.57 (1H, m, H-4'), 6.15
(1H, d, J=2.0 Hz, H-2), 6.14 (1H, d, J = 2.0 Hz, H-6),
6.08 (1H, d, J = 2.0 Hz, H-4), 2.78 (2H, m, H-a), 2.72
(2H, m, H-p); "*C-NMR (100 MHz, CD;0D) ¢: 157.9
(C-3), 157.9 (C-5), 156.8 (C-3'), 144.0 (C-1), 1433
(C-1"), 128.8 (C-5'), 119.3 (C-6'), 114.8 (C-2)), 112.3
(C-4"), 106.5 (C-2), 106.5 (C-6), 99.7 (C-4), 37.7
(C-a), 37.4 (C-B)o L Pt 5 Scihis 2,
HCSSEALE Y 1y 3,53 - = FR LI,

WEY 2. B AK. '"HINMR (400 MHz,
CD;0D) 6: 9.37 (1H, d, J = 9.2 Hz, H-5), 7.57 (1H, d,
J =92 Hz, H-9), 7.53 (1H, d, J = 9.2 Hz, H-10), 7.16
(1H, d, J=2.4 Hz, H-3), 7.15 (1H, d, J = 2.4 Hz, H-1),
7.08 (1H, dd, J = 2.4, 9.2 Hz, H-6), 7.02 (1H, d, J =
2.4 Hz, H-8), 5.05 (1H, d, J = 7.6 Hz, H-1"), 4.09 (3H,
s, -OCH3), 3.95 (1H, dd, J = 12.4, 2.4 Hz, H-6'), 3.72
(1H, dd, J = 12.4, 6.0 Hz, H-6"), 3.55 (1H, m, H-5"),
3.52 (1H, m, H-2'), 3.52 (1H, m, H-3'), 3.42 (1H, m,
H-4); “C-NMR (100 MHz, CD;OD) §: 158.9 (C-4),
155.2 (C-2), 154.4 (C-7), 133.9 (C-10a), 133.8 (C-8a),
129.1 (C-5), 127.8 (C-9), 126.9 (C-10), 123.7 (C-4b),
116.9 (C-4a), 115.9 (C-6), 110.8 (C-8), 105.7 (C-1),
101.0 (C-17), 99.9 (C-3), 76.9 (C-5"), 76.6 (C-3"), 73.9
(C-2"), 70.1 (C-4"), 61.2 (C-6'), 54.7 (4-OCH3). LA L
PN M 5 Scmk s 8, etk 2 b 7-
P2 I-A-FR AR L E-2-0-B-D-Fi 4 Bl

WEY 3: WEOK A, 'HANMR (400 MHz,
CD;0D) 6: 7.65 (1H, d, J = 16.0 Hz, H-8"), 7.20 (1H,
d, J= 1.6 Hz, H-2), 7.04 (1H, d, J = 8.2 Hz, H-5), 7.08
(1H, dd, J= 8.2, 1.6 Hz, H-6), 6.83 (1H, d, J = 8.2 Hz,
H-5"), 6.70 (1H, d, J = 1.8 Hz, H-2"), 6.51 (1H, dd,
J =82, 1.8 Hz, H-6"), 6.39 (1H, d, J = 16.0 Hz,
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H-7"), 4.70 (1H, d, J = 7.2 Hz, H-1"), 4.54 (1H, dd, J =
1.8, 12.0 Hz, H-6"), 4.37 (1H, dd, J = 7.2, 12.0 Hz,
H-6'), 3.87 (3H, s, -OCH3), 3.67 (1H, m, H-5"), 3.57
(2H, t, J = 7.0 Hz, H-p), 3.40~3.63 (3H, m, H-2'~
4", 2.62 (2H, t, J = 7.0 Hz, H-a); "C-NMR (100
MHz, CD;0D) &: 167.5 (C-9"), 149.3 (C-3"), 148.0
(C-4), 146.7 (C-7"), 145.6 (C-4"), 143.6 (C-1), 134.7
(C-3), 126.3 (C-1"), 122.8 (C-6), 119.9 (C-5"), 117.6
(C-2), 116.3 (C-6"), 115.1 (C-8"), 113.8 (C-5), 110.3
(C-2"), 103.0 (C-1"), 76.1 (C-3"), 74.32 (C-5"), 73.4
(C-5), 704 (C-4), 63.2 (C-a), 62.7 (C-6'), 55.1
(-OCH3), 38.2 (C-B)o LA Lyl il ¥ ¥ 55 SC ik i —
M, % B A 3 A lignan glycoside.

&Y 4: AHAK. 'HINMR (400 MHz,
CD;0D) ¢: 7.67 (1H, d, J = 16.0 Hz, H-8"), 7.48 (2H,
d, J=8.8 Hz, H-2", 6"), 7.05 (1H, d, J = 8.2 Hz, H-5),
6.82 (2H, d, J = 8.8 Hz, H-3", 5"), 6.70 (1H, dd, J =
2.2, 8.2 Hz, H-6), 6.68 (1H, d, J = 2.2 Hz, H-2), 6.36
(1H, d, J = 16.0 Hz, H-7"), 4.70 (1H, d, J = 7.2 Hz,
H-1'), 4.54 (1H, dd, J = 1.7, 12.0 Hz, H-6"), 4.37 (1H,
dd, J = 7.2, 12.0 Hz, H-6'), 3.87 (3H, s, -OCHs), 2.52
(2H, t, J = 7.2 Hz, H-p), 3.34~3.50 (3H, m, H-2'~
4", 3.63 (2H, t, J = 7.2 Hz, H-a), 3.67 (1H, m, H-5");
C-NMR (100 MHz, CD;0OD) &: 167.5 (C-9"), 159.9
(C-4"), 146.8 (C-4), 145.4 (C-7"), 143.6 (C-1), 134.7
(C-3), 132.3 (C-1"), 129.8 (C-2"), 129.8 (C-6"), 125.7
(C-6), 116.3 (C-2), 115.5 (C-3"), 115.6 (C-5"), 114.4
(C-8"), 113.6 (C-5), 103.0 (C-1"), 76.1 (C-3'), 74.3
(C-5"), 73.4 (C-2"), 70.4 (C-4), 63.2 (C-u), 62.7 (C-6"),
38.2 (C-B). LA ¥t 5 ki — 3", ke fh
&) 4 4 ibotanolide A,

WA 5: ToOERIRGS & CHEE) . 'H-NMR (400
MHz, CD;0D) ¢: 7.03 (1H, t, J = 8.2 Hz, H-5'), 7.01
(2H, d, J=8.4 Hz, H-2"", 6"), 6.90 (2H, d, J = 8.4 Hz,
H-2", 6"), 6.65 (2H, d, J = 8.4 Hz, H-3"", 5""), 6.62
(2H, d, J = 8.4 Hz, H-3", 5"), 6.57 (1H, dd, J = 8.2,
2.2 Hz, H-4'), 6.55 (1H, m, H-2"), 6.55 (1H, m, H-6"),
6.33 (1H, s, H-6) 3.94 (2H, s, 2-CH,-), 3.90 (2H, s,
4-CH,-), 3.68 (3H, s, 5-OCHs), 2.77 (2H, m, H-0),
2.59 (2H, m, H-p); "*C-NMR (100 MHz, CD;0D) §:
156.9 (C-5), 156.4 (C-3), 154.6 (C-4""), 154.6 (C-4"),
153.4 (C-3"), 143.6 (C-1), 139.5 (C-1"), 132.4 (C-1""),
132.3 (C-17), 128.9 (C-2), 128.9 (C-2"", 6"), 128.8

(C-5"), 128.8 (C-2", 6"), 119.5 (C-6'), 119.2 (C-4),
114.9 (C-2"), 114.6 (C-3"", 5, 114.3 (C-3", 5"), 112.3
(C-4'), 104.5 (C-6), 54.6 (-OCH3), 37.2 (2-CH,-), 35.5
(4-CH,-), 29.9 (C-a), 27.5 (C-B). LA Liilidls 55
pkiRaE D, MRS 5 O 3,3 RS-
AR JE-2,4- — (W FR R AR

WEY 6: WK AK. 'TH.NMR (400 MHz,
CD;0D) d: 7.05 (2H, d, J = 8.4 Hz, H-2', ¢'), 6.68
(2H, d, J = 8.4 Hz, H-3', 5'), 6.38 (1H, brs, H-2), 6.36
(1H, d, J= 2.4 Hz, H-4), 6.28 (1H, d, J = 2.4 Hz, H-6),
478 (1H, d, J = 7.2 Hz, H-1"), 430~3.33 (6H, m,
H-2"~6"), 2.72 (2H, m, H-a), 2.78 (2H, m, H-p):
C-NMR (100 MHz, CD;OD) d: 158.64 (C-3), 157.8
(C-5), 154.9 (C-4'), 144.2 (C-1), 132.5 (C-1"), 129.0
(C-2', 6), 114.6 (C-3, 5'), 109.3 (C-6), 107.8 (C-2),
101.2 (C-4), 100.8 (C-1"), 76.6 (C-5"), 76.5 (C-3"),
73.5 (C-2"), 69.9 (C-4"), 61.1 (C-6"), 38.1 (C-t), 36.5
(C-B)o LA ittt 55 ek — 8, et s
W16 Jy 5.4"- i K- T K L HE-3-O-B-D- AR

WA 7. RO K. "TH.NMR (400 MHz,
CD;0D) 6: 6.67 (1H, d, J = 8.0 Hz, H-5"), 6.65 (1H, d,
J=2.0 Hz, H-2), 6.58 (1H, d, J = 8.0, 2.0 Hz, H-6"),
6.37 (1H, m, H-4), 6.36 (1H, m, H-6), 6.28 (1H, d, J =
1.2 Hz, H-6), 4.76 (1H, d, J = 7.2 Hz, H-1"), 3.85 (1H,
d, J=11.6 Hz, H-6"), 3.77 (3H, s, -OCHj3), 3.70 (1H,
dd, J = 4.0, 11.6 Hz, H-6"), 3.44 (1H, m, H-2"), 3.42
(1H, m, H-3"), 3.37 (I1H, m, H-4"), 3.36 (1H, m,
H-5"), 2.75 (2H, m, H-a), 2.80 (2H, m, H-B);
BC-NMR (100 MHz, CD;0D) &: 158.6 (C-3), 157.7
(C-5), 147.2 (C-3'), 144.1 (C-3"), 144.1 (C-1), 1322
(C-1"), 120.5 (C-6"), 114.5 (C-2"), 109.4 (C-6), 107.9
(C-2), 101.2 (C-4), 100.7 (C-1"), 76.8 (C-5"), 76.6
(C-3"), 73.6 (C-2"), 69.9 (C-4"), 61.3 (C-6"), 54.9
(-OCH3), 38.03 (C-0), 36.93 (C-B). LA L% 5 3CHk
o — ™, ek Ew T N
3'-B-D-glucopyranosyloxy-4,5'-dihydroxy-3-methoxy-
1,2-diphenylethane.

&Y 8 Ak K. 'THINMR (400 MHz,
CD;0D) §: 9.47 (2H, J = 9.2 Hz, H-5, 5"), 7.73 (2H,
J=9.2 Hz, H-10, 10'), 6.98 (2H, J = 9.2 Hz, H-9, 9'),
7.05 (2H, dd, J=9.2, 2.4 Hz, H-6, 6'), 7.11 (2H, d, J =
2.4 Hz, H-8, 8'), 6.88 (2H, s, H-3, 3'), 4.17 (6H, s,
H-11, 11"); C-NMR (100 MHz, CD;0D) §: 159.1
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(C-4, 4", 153.6 (C-7, 7'), 153.1 (C-2, 2'), 134.0
(C-10a, 10a’), 133.1 (C-8a, 8a’), 129.1 (C-5, 5'), 127.0
(C-9, 9'), 124.5 (C-4b, 4b"), 124.3 (C-10, 10"), 115.7
(C-6, 6), 115.5 (C-4a, 4a’), 110.7 (C-1, 1’), 110.1
(C-8, 8", 98.9 (C-3, 3"), 54.7 (C-11, 11"). LA ¥ 5
SCHRARIE A 8, MRS 8 O 2,21,7,7"-
VU dE-4,4"- — HAJESE-1,1- 5k,

A 9: AEERIRS: & CHEE) . 'H-NMR (400
MHz, CD;0D) ¢: 9.34 (1H, d, J = 9.2 Hz, H-5), 7.55
(1H, d, J = 9.2 Hz, H-9), 7.52 (1H, d, J = 9.2 Hz,
H-10), 7.13 (1H, d, J = 2.4 Hz, H-8), 7.07 (1H, dd, J =
9.2, 2.4 Hz, H-6), 6.90 (1H, d, J = 2.4 Hz, H-1), 6.78
(1H, d, J = 2.4 Hz, H-3); “C-NMR (100 MHz,
CD;0D) d: 161.2 (C-2), 159.1 (C-4), 155.7 (C-7),
135.1 (C-8a), 134.8 (C-10a), 131.0 (C-5), 128.9 (C-9),
128.0 (C-10), 126.0 (C-4b), 117.9 (C-4a), 117.5 (C-6),
112.6 (C-8), 103.2 (C-1). LA yilh Fdin 5 ki 8
— 5, W e 9 O T-ER -2 4- T HUAR IR,

&Y 10: Ak A. '"HINMR (400 MHz,
CD;0D) 6: 0.64 (3H, s, CH3), 0.90 (3H, s, CH3), 0.85
(3H, s, CH;), 0.86 (3H, s, CHs), 0.97 (3H, s, CHj),
0.82 (3H, s, CHs), 4.05 (1H, m, H-3), 5.31 (1H, brs,
H-6), 5.01 (1H, d, J = 7.2 Hz, H-1"), 3.55~4.30 (6H,
m, H-2'~6); “C-NMR (100 MHz, CD;0D) 6: 141.2
(C-5), 122.4 (C-6), 102.3 (C-1'), 78.8 (C-3"), 78.4
(C-3), 78.4 (C-5"), 75.4 (C-2'), 72.0 (C-4"), 63.0 (C-6),
57.1 (C-14), 56.7 (C-17), 50.4 (C-9), 46.2 (C-26), 42.5
(C-13), 40.1 (C-12), 39.5 (C-4), 37.6 (C-1), 12.2
(C-29), 37.1 (C-20), 36.6 (C-10), 34.6 (C-22), 32.5
(C-7), 32.2 (C-8), 30.8 (C-2), 29.5 (C-25), 28.6
(C-16), 26.7 (C-23), 24.2 (C-15), 23.5 (C-28), 21.4
(C-13), 20.3 (C-27), 19.8 (C-26), 19.5 (C-19), 19.3
(C-21), 12.5 (C-18). LA Ly it Bl 5 ek iE KA
— 3, MUSER AT 10 S B MEF.

&Y 11 R Rgs i (EU-HED.
'H-NMR (400 MHz, CD;OD) d: 9.71 (1H, s, H-7),
7.81 (2H, d, J = 8.4 Hz, H-2, 6), 6.93 2H, d, J = 8.4
Hz, H-3, 5); “C-NMR (100 MHz, CD;0D): 6 193.7
(C-7), 166.2 (C-4), 133.9 (C-2, 6), 130.6 (C-1), 117.5
(C-3,5). VAEHdh 5 kg s A —5, #%e
A 11 0 IR IR T
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