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Chemical constituents of Dendrobium bellatulum
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Abstract: Objective To study the chemical constituents of Dendrobium bellatulum. Methods The compounds were isolated and
purified by column chromatography and preparative HPLC, and their structures were elucidated by spectral analysis. Results
Fifteen compounds were isolated and identified as 2-hydroxy-4-methoxy-3,6-dimethylbenzoic acid (1), 4',5-dihydroxy-3,3'-
dimethoxybiphezyl (2), 3,3'-dihydroxy-4,5-dimethoxybiphezyl (3), dihydroconiferyl dihydro-p-coumarate (4), aloifol I (5), batatasin
I (6), dendrosinen B (7), 2,5,7-trihydroxy-4-methoxy-9,10-dihydrophenanthrene (8), p-hydroxyphenyl-propionic acid (9),
p-hydroxycinnamic acid (10), ferulic acid (11), caffeic acid (12), dendrosinen D (13), neoolivil (14), and 3-hydroxymethyl-9-
methoxy-2-(4'-hydroxy-3',5'-dimethoxyphenyl)-2,3,6,7-tetrahydrophenanthro [4,3-b] furan-5,11-diol (15). Conclusion All
compounds are isolated from D. bellatulum for the first time, and compound 1 is isolated from the family Orchidaceae for the
first time.

Key words: Dendrobium bellatulum Rolfe; 2-hydroxy-4-methoxy-3,6-dimethylbenzoic acid; 4',5-dihydroxy-3,3'-dimethoxybiphezyl;
batatasin III; neoolivil
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o Eaitt, MrhorEEE 715 MEEY, anlkE
TEN 2-F2FE-4-HAHIE-3,6- HIFEIR R (2-hydroxy-
4-methoxy-3,6-dimethyl benzoic, 1). 4',5- —F8%t-3,
3 H A FEBCR (4,5-dihydroxy-3,3'-dimethoxy-
biphezyl, 2). 3,3-_§%3t-4,5- " FEILEL (3,3~
dihydroxy-4,5-dimethoxybiphezyl, 3). & F 1l
AN BRI RS (dihydroconiferyl dihydro-p-
coumarate, 4). aloifol I (5). IZjE II (6).
dendrosinen B (7). 2,5, 7-=F8F:-4-H 4 %£-9,10-—
2 FE  (C 2,5,7-trihydroxy-4-methoxy-9,10-dihydro-
phenanthrene, 8). X #E AR (p-hydroxyphenyl-
propionic acid, 9)+ XFEIEREER (p-hydroxycinnamic
acid, 10). Bi[ZEER (ferulic acid, 11)+ WNMERR (caffeic
acid, 12). dendrosinen D (13). Fr M # g &=
(neoolivil, 14). 3-2 I 3E-9-FH I 2-(4-F8%-3",5'-
TSR IEIRE)-2,3,6,7-DU S E [4,3-b] PRAE-5,11-—
iz (3-hydroxymethyl-9-methoxy-2-(4'-hydroxy-3',5'-
dimethoxyphenyl)-2,3,6,7-tetrahydrophenanthro [4,3-b]
furan-5,11-diol, 15). 15 MLEMBINERNEA
fetrh R3], & 1 o E RO\ = RHEY)
Ir AT

1 EFES5HMH

Agilent DD2400-MR BUAZHEILHRAL, TMS A
Pr (£E Agilent A F]); LC3000 ZY =800 AH t i
3¢ CREAE )@ E A F] ); Daisogel Cig HPLC
il % (250 mmX30 mm, 10 um, HZA Daiso 3H
KL YMC Cig HPLC il 4E (250 mmX 10 mm,
5 um HA YMC A#]); SP ODS-A Cj3 HPLC il
#HE (250 mmX 10 mm, 10 pm, Jb5tEE 5 RHY
HBIRAFD; #)E OB GFoss M 15 ik JI
(300~400 H), o [H 7 546 T ; Sephadex LH-20
e (8 [E Merck A ],

AT 2017 4 8 H R H = A it i K fE B
REWZ, FEARA (20170816) HI¥H L EFIKH
255 BT % SRR WY R 2 N 2R R A
At Dendrobium bellatulum Rolfe [ T5 4 5,

2 RRSSE

BT 50 A fift 4 B 2,35 ke, Frfde e I H B =R
SR, IR IR SRR AT IR A 548.0 g, ¥ H
BESE U 7 BT BOK, RO e ERR £ R AN
IETEEAE. 1325 QR (25.0 g), %%
WA A (il CAmE-BE R S lEkR BE VRN,
133 42 N5 Fr. 1~42. Fr. 6 41 % HPLC 4

B (75%HEE-K, AR 3.5 mL/min) 18 2LA
1 (5.0 mg). Fr. 12 &4 HPLC (FEE-/K) 43
N4 ANERSY Fr. 12.1~12.4. Fr. 12.3 4244 HPLC
B (63%MEE-7K, ARFRLE 4.0 mL/min) 132
&2 (62mg). 3 (85mg) M6 (112 mg). 4l
7y Fr. 12.4 4¢84 HPLC 7055 (65%FEE-/K, 1k
M E 6.0 mL/min) 132659 4 (26.7 mg). 2
15 #4) Fr. 15 244 HPLC (REE-/K) 434 6 Nl
43 Fr. 15.1~15.6.Fr. 15.6 Z& -l % HPLC 4% (84%
F - /K, AR FR AL 15.0 mL/min) /52L& 5(20.3
mg). 4} Fr. 15.4 24l % HPLC 735 (55% 1 EE-
K, AR R 8.0 mL/min) A 2LEY) 7 (34.1 mg)
18 (104 mg). Fr. 17 4 Sephadex LH-20 (& {}j-
FEE 1D 1D 438 20 ANEB%r: Fro 17.1-20. Fr. 17.8
24 HPLC 435 (60%~100% FF 5 - 7K A5 P 0 i)
4N Sr: Fr. 17.8A~D; W.4H 7% Fr. 17.8B i
— 22 P2 HPLC 73 5515 246 &4 10 (21.3 mg)
A 11(3.3mg).12(2.9 mg). 13(13.8 mg). Fr. 17.15
22214 % HPLC 208 (75%FEE-/K, EAGE 3.0
mL/min) 5 E4b 54 9 (18.0 mg). 5 24 #4) Fr. 24
£ C1g (250 mm <30 mm, 10 pm) HPLC #4545
N 40 NS> Fr. 24.1~24.40. Fr. 24.17 4204
HPLC 77 & (35%HIEE-7K, A E 6.0 mL/min)
B3 AW 15 (6.1 mg). Fr. 24.39 2445 HPLC 4
5 (FEE-7K) NS NS Fr. 24.39A~E; 41450
Fr. 24.39D i — 24 4% HPLC 7 B3 2L &4
14 (12.1 mg)-

3 HMETE

ED 1. AR (& R-HED,
'H-NMR (400 MHz, CDCl;) 6: 12.03 (1H, s, -COOH),
6.19 (1H, s, H-5), 3.90 (3H, s, 4-OCHj3), 2.44 (3H, s,
6-CHs), 2.08 (3H, s, 3-CH3); "“C-NMR (100 MHz,
CDCls) 6: 105.4 (C-1), 158.2 (C-2), 108.7 (C-3), 163.3
(C-4), 110.7 (C-5), 140.4 (C-6), 172.8 (-COOH), 52.1
(4-OCHj3), 24.4 (6-CH3), 7.9 (3-CHs). LI ¥E
AOSClR B30, M et A 1 2- 504
AHE-3,6- R HIR.

W& 2. BEEABARY), 'H-NMR (400 MHz,
CDCls) d: 6.83 (1H, d, J = 8.0 Hz, H-5"), 6.69 (1H, d,
J = 8.0 Hz, H-6), 6.63 (1H, brs, H-2'), 6.32 (1H, brs,
H-2), 6.26 (2H, brs, H-4, 6), 3.84 (3H, s, 3'-OCHj3),
3.75 (3H, s, 3-OCHj), 2.80 (4H, m, H-0, o'); *C-NMR
(100 MHz, CDCl5) 6: 144.3 (C-1), 105.7 (C-2), 160.5
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(C-3), 98.9 (C-4), 157.7 (C-5), 108.2 (C-6), 38.3
(C-0), 37.2 (C-a), 133.6 (C-1'), 111.5 (C-2'), 146.6
(C-3"), 143.7 (C-4"), 114.5 (C-5"), 121.0 (C-6"), 55.1
(3-OCH3), 55.7 (3'-OCH3)o LA - i i Hi s A1 ST ik Xof
M50, WS E a2 45T BRE33 T
E NP

WEY 3: BFOBRY), "H-NMR (400 MHz,
CDCly) 6: 7.13 (1H, t, J = 7.6 Hz, H-5"), 6.74 (1H, d,
J =15 Hz, H-6"), 6.65 (2H, m, H-2', 4'), 6.45 (1H, s,
H-2), 6.23 (1H, s, H-6), 3.85 (3H, s, 4-OCH3), 3.79
(3H, s, 5-OCH3), 2.78 (4H, m, H-0, o); “C-NMR
(100 MHz, CDCl3) 6: 143.6 (C-1), 108.3 (C-2), 149.0
(C-3), 138.4 (C-4), 152.3 (C-5), 104.7 (C-6), 37.7
(C-0), 37.6 (C-o), 133.8 (C-1"), 115.6 (C-2'), 155.8
(C-3"), 113.1 (C-4'), 129.6 (C-5"), 120.8 (C-6"), 61.1
(4-OCH3), 55.9 (5-OCH3) o DA 358 18 H5 8 A0 STk 5o 1
— 0 A S 3 N 3,3 - TR E4,5- IR,
B

&Y 4: BOMHIRY), "H-NMR (400 MHz,
CDCly) d: 7.05 (2H, d, J = 8.7 Hz, H-2', 6'), 6.82 (1H,
d, J=7.8 Hz, H-5), 6.74 (2H, d, J = 8.7 Hz, H-3', 5),
6.63 (1H, brs, H-2), 6.62 (1H, brd, J = 8.7 Hz, H-6),
4.07 2H, t, J = 6.4 Hz, H-9), 3.84 (3H, s, 3-OCHj3),
2.86 (2H, t, J = 7.6 Hz, H-7'), 2.52~2.61 (4H, m,
H-7, 8'), 1.88 (2H, m, H-8); ""C-NMR (100 MHz,
CDCly) &: 173.6 (C-9'), 154.4 (C-4"), 146.6 (C-3),
143.9 (C-4), 133.3 (C-1), 132.5 (C-1"), 129.6 (C-2,
6'), 121.1 (C-6), 114.5 (C-3', 5"), 114.5 (C-5), 111.1
(C-2), 64.1 (C-9), 56.0 (3-OCH;), 36.4 (C-8"), 31.9
(C-7), 30.6 (C-8), 30.3 (C-7")o LA | 12 K405 A0 SC ik
S — M, MO A 4 O AR A
PR R R TS .

WA 5: BB GOESRY, "H-NMR (400 MHz,
CDCl;) 6: 7.12 (1H, t, J = 7.6 Hz, H-5"), 6.72 (1H, brd,
J = 1.6 Hz, H-6'), 6.66 (1H, brd, J = 7.6 Hz, H-4"),
6.63 (1H, brs, H-2'), 6.34 (2H, brs, H-2, 6), 3.82 (6H,
m, 3, 5-OCHs), 2.81 (4H, m, H-a, o); "“C-NMR (100
MHz, CDCly) 6: 132.7 (C-1), 105.0 (C-2), 146.7
(C-3), 132.8 (C-4), 146.7 (C-5), 105.0 (C-6), 38.1
(C-0), 37.9 (C-a), 143.6 (C-1'), 115.5 (C-2'), 155.6
(C-3"), 112.8 (C-4'), 129.5 (C-5'), 120.9 (C-6'), 56.2
(3, 5-OCH3). LA_b i i ot fnscikont i — 2™, i
BEWAEY S5 N aloifol 1.

WA 6: WL AMIRY), "H-NMR (400 MHz,
CDCLy) d: 7.14 (1H, t, J = 7.6 Hz, H-5"), 6.74 (1H, brd,
J = 7.6 Hz, H-6'), 6.66 (1H, brd, J = 7.6 Hz, H-4"),
6.62 (1H, brs, H-2'), 6.30 (1H, brs, H-6), 6.24 (2H,
brs, H-2, 4), 3.72 (3H, s, 5-OCHs), 2.78 (4H, m, H-a,
o); “C-NMR (100 MHz, CDCls) d: 160.6 (C-5),
156.5 (C-3), 155.4 (C-3'), 144.4 (C-1), 143.5 (C-1"),
129.5 (C-5"), 120.9 (C-6"), 115.5 (C-2'), 112.9 (C-4"),
108.2 (C-2), 106.7 (C-6), 99.1 (C-4), 55.3 (5-OCHa),
37.5 (C-a), 37.2 (C-a")o LA b5 il 0040 A0 SCikont e S
A, WA 6 NI E 1L,

WEY T AAFEEARYI, "H-NMR (400 MHz,
CDCly) d: 7.12 (1H, t, J = 7.7 Hz, H-5"), 6.72 (1H, brd,
J =17.7 Hz, H-6'), 6.64 (1H, brd, J = 7.7 Hz, H-4"),
6.62 (1H, brs, H-2'), 6.43 (1H, brs, H-2), 6.22 (1H,
brs, H-6), 3.79 (3H, s, 3-OCHs), 2.78 (4H, m, H-o,
o); “C-NMR (100 MHz, CDCLy) §: 134.0 (C-1),
103.9 (C-2), 147.1 (C-3), 133.8 (C-4), 147.1 (C-5),
108.9 (C-6), 38.0 (C-a), 38.0 (C-o), 144.0 (C-1"),
115.7 (C-2'), 156.1 (C-3"), 113.0 (C-4"), 130.9 (C-5"),
120.7 (C-6"), 56.3 (3-OCH3). PA_E 38 1% B4k A1 SCigh %ot
MR A3, % &% 7 N dendrosinen B.

WEY 8: WHEAMIRY), "H-NMR (400 MHz,
CD;COCD3) 6: 6.57 (1H, d, J = 2.1 Hz, H-8), 6.53
(1H, d, J=2.1 Hz, H-6), 6.36 (1H, d, J = 2.3 Hz, H-1),
6.32 (1H, d, J= 2.3 Hz, H-3), 3.95 (1H, s, H-11), 2.56
(4H, m, H-9, 10); "“C-NMR (100 MHz, CD;COCD)
5: 109.9 (C-1), 157.7 (C-2), 100.1 (C-3), 155.6 (C-4),
156.1 (C-5), 104.7 (C-6), 158.0 (C-7), 108.2 (C-8),
31.9 (C-9), 32.1 (C-10), 143.4 (C-10a), 115.2 (C-4a),
113.7 (C-4b), 142.5 (C-8a), 57.4 (4-OCHj). LL I it
AR AR s, s A 8 N 2,5,7-
=4 R JE-9,10- & FE.

WEY 9: BAMGKA, 'HNMR (400 MHz,
CD;COCDs) 6: 7.06 (2H, d, J = 8.4 Hz, H-2', 6'), 6.76
(2H, d, J = 8.4 Hz, H-3', 5'), 2.81 (2H, t, J = 7.6 Hz,
H-3), 2.55 (2H, t, J = 7.6 Hz, H-2). L\ 3 m
SRR R — S, W A 9 AR R -

WA 10: FEEOHA, 'TH.NMR (400 MHz,
CD;0D) §: 7.59 (1H, d, J = 15.9 Hz, H-7), 7.44 (2H,
d, J= 8.6 Hz, H-2, 6), 6.80 (2H, d, J = 8.6 Hz, H-3, 5),
6.28 (1H, d, J = 15.9 Hz, H-8); "C-NMR (100 MHz,
CD;0D) &: 146.5 (C-1), 131.0 (C-2, 6), 116.8 (C-3, 5),
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161.1 (C-4), 127.2 (C-7), 115.8 (C-8), 171.3 (C-9). LA
R A SR I, e 10 AR
SEREERR .

A 11 RFEOHA, "H-NMR (400 MHz,
DMSO-dg) §: 7.48 (1H, d, J = 15.9 Hz, H-8), 7.27
(1H, brs, H-2), 7.08 (1H, brd, J = 8.0 Hz, H-6), 6.78
(1H, d, J = 8.0 Hz, H-5), 6.36 (1H, d, J = 15.9 Hz,
H-8), 3.81 (3H, s, 3-OCH;); “C-NMR (100 MHz,
DMSO-dg) d: 167.9 (C-9), 149.0 (C-3), 147.9 (C-4),
144.5 (C-7), 125.8 (C-1), 122.8 (C-8), 115.7 (C-6),
115.5 (C-5), 111.1 (C-2), 55.7 (3-OCHz). LA kit %
PEASCHRRT IR — 2T, M e A 11 BB -

A 12: EEEOHA, 'H.NMR (400 MHz,
CD;0D) §: 7.53 (1H, d, J = 15.8 Hz, H-7), 7.03 (1H,
brs, H-2), 6.93 (1H, brd, J = 8.0 Hz, H-6), 6.77 (1H, d,
J = 8.0 Hz, H-5), 6.22 (1H, d, J = 15.8 Hz, H-8):
PC-NMR (100 MHz, CD;0D) 6: 171.2 (C-9), 149.4
(C-4), 146.9 (C-7), 146.8 (C-3), 127.8 (C-1), 122.8
(C-6), 116.5 (C-8), 115.7 (C-5), 115.1 (C-2). LA LUK
TR AL SR R — 2, s LAY 12 e
HERR o

A3 FHEOERY, "H-NMR (400 MHz,
CD;COCD3) &: 7.06 (1H, t, J = 8.0 Hz, H-13"), 6.93
(1H, t, J = 7.9 Hz, H-13), 6.70~6.73 (2H, m, H-10/,
14), 6.58~6.66 (3H, m, H-12, 6', 12'), 6.25~6.29
(2H, m, H-10, 14), 6.16 (1H, s, H-4), 3.92 (3H, s,
1-OCHs), 3.80 (3H, s, 1-OCHj3), 2.62~2.89 (7H, m,
H-7, 8, 7', 8'); “C-NMR (100 MHz, CD;COCD3) §:
158.4 (C-11"), 157.9 (C-11), 147.2 (C-1'), 144.5 (C-9’),
142.5 (C-3"), 141.8 (C-3), 141.3 (C-9), 140.1 (C-6),
137.4 (C-2), 137.0 (C-1), 134.2 (C-2"), 130.2 (C-13"),
129.6 (C-13), 129.6 (C-5"), 121.7 (C-14), 120.5
(C-14"), 119.3 (C-4'), 118.1 (C-5), 117.5 (C-10), 116.4
(C-127, 113.9 (C-12), 113.8 (C-10'), 109.8 (C-4),
108.6 (C-6), 61.3 (1-OCHs), 56.7 (1-OCHs), 46.4
(C-8), 39.6 (C-8"), 38.5 (C-7), 34.2 (C-7"). LA EJki
O A Sk B 80, WS E S 13 A
dendrosinen D,

A 14: W FEHCIRYY, "TH-NMR (400 MHz,
CD;COCD3) 6: 7.05 (2H, d, J = 1.7 Hz, H-2, 2'), 6.86
(2H, dd, J = 8.1, 1.7 Hz, H-6, 6), 6.77 (2H, d, J = 8.1
Hz, H-5, 5'), 4.85 (2H, d, J = 8.1 Hz, H-7, 7'), 3.84
(6H, s, 3, 3'-OCH3), 3.66~3.72 (2H, m, H-9a, 9'a),

3.56~3.62 (2H, m, H-9b, 9'b), 2.20~2.29 (2H, m,
H-8, 8"); "*C-NMR (100 MHz, CD;COCDs) 6: 148.4
(C-3, 3"), 147.0 (C-4, 4", 135.7 (C-1, 1), 120.1 (C-6,
6'), 115.5 (C-5, 5'), 110.8 (C-2, 2'), 83.8 (C-7, 7), 62.8
(C-9, 9", 57.2 (3, 3'-OCHs), 56.4 (C-8, 8'). Wit
AScwhont i —5", A 14 TR
fE% .

WEM15: AZEEARY), 'TH-NMR (400 MHz,
CD;COCDs) o: 848 (1H, s, 11-OH), 7.99 (1H, s,
5-OH), 7.36 (1H, s, 4-OH), 6.88 (1H, s, H-4), 6.79
(2H, s, H-2, 6"), 6.45 (1H, d, J = 2.6 Hz, H-8), 6.31
(1H, d, J = 2.6 Hz, H-10), 5.64 (1H, d, J = 7.4 Hz,
H-2), 4.12 (1H, t, J = 5.5 Hz, 7-OH), 3.89 (2H, m,
H-7'), 3.79 (6H, s, 3', 5-OCH3), 3.74 (3H, s, 9-OCHj3),
3.68 (1H, m, H-3), 2.60~2.85 (4H, m, H-6, 7);
BC-NMR (100 MHz, CD;COCDs) 8: 161.1 (C-9),
156.7 (C-11), 149.4 (C-5), 149.0 (C-3', 5), 147.2
(C-11c), 142.6 (C-7a), 137.4 (C-4), 131.9 (C-1'),
127.7 (C-3a), 125.4 (C-5a), 117.6 (C-11b), 113.9
(C-11a), 111.4 (C-4), 107.4 (C-8), 105.1 (C-2', 6"),
103.0 (C-10), 89.5 (C-2), 642 (C-7), 56.8 (3,
5-OCH3), 55.5 (9-OCHs), 54.2 (C-3), 31.6 (C-7),
22.9 (C-6) LA b3 it A sCihoxt R — 2%, ik
TENED 15 N 352 FHEE-9-H S I -2-(4-F2dk-37.5-—
FRAH LA IE)-2,3,6,7- U A HE-[4,3-b]-WRIH-5,11- %,
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