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Phenolic components from Dendrobium nobile

ZHANG Xue'?, GAO Hao"?, WANG Nai-li*, YAO Xin-sheng''?*

(1. School of Traditional Chinese Materia Medica, Shenyang Pharmaceutical University, Shenyang 110016, China;
2. Key laboratory for Research and Development of New Drugs in Shenzhen, Shenzhen 518055, China; 3. Life
Science Division, Graduate School at Shenzhen, Tsinghua University, Shenzhen 518055, China)

Abstract: Objective To study the chemical constituents from the stems of Dendrobium nobile. Meth-
ods Compounds were isolated through various chromatographic techniques and identified by spectral da-
ta. Results Twelve phenolic compounds were obtained. Their structures were characterized as dihydro-
coniferyl dihydro-p-coumarate (I ), vanillin (I ), apocynin ( E ), p-hydroxybenzaldehyde (W), sy-
ringaldehyde (V ), syringic acid (1), syringylethanone (VI), a-hydroxypropiosyringone (VI), coniferyl
aldehyde (KX ), dihydroconiferyl alcohol ( X ), 2-hydroxyphenylpropanol (X ), and 3-hydroxy-4-methoxy-
phenylethanol (XI), respectively. Conclusion All above compounds are reported from this plant for the
first time. Compounds I and I —XI are reported for the first time from the plants of Dendrobium Sw.

Key words: Dendrobium nobile Lindl. ; Orchidaceae; phenolic constituents

SHAEB RIS
k B, G %1'29175*'139*’&&5&1'2*
(1. WHBHKZRGERE,TT XM 1100165 2. FYIHAFHYHRERAZRE. R T
3. WHEKFERIIFFR AR MER, K HY 518055)

B E.AN YWEEOMENLERIETHE. HiEk ZHSHEEBEERMSBAEMNOLERSETIE,
HRBAEBRBLEEUAYHEN. BR AEHEYFLEES 2 M1 BRECAY KERF N IR X
WEBERRE(D,FER(D,.FHAKT(D I EEFFR(N), TEEW), TEFR(V), THEZE D ,e-
BETEHEAROD, A, —SMNHAE(XD).2-2EEXERE) M3-BE-4-PFEEEZBMD., 418 L&

5180553

HEMHRERBEAS B OB P OBRB ALY 1, I ~XAERBENGRREY S HEBE.

X £HAH =R RERL
FESEE R284.1 XRkFRIAAE A

Several species of Dendrobium Sw. (Orchi-
daceae) are widely used in traditional Chinese

U1 Dendrobium nobile

medicine as a Yin tonic
Lindl. is one of the most famous medical plants
and has been recorded in the Chinese Pharma-
copoeia (2005 ed. ) as one of the original materials
of “Shi Hu”.

loids, bibenzyls, phenanthrenes, sesquiterpenes

Several components including alka-

and sesquiterpene glycosides have been identified

from this plant in the earlier work®™®!, and some
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of which were found to possess antitumor, antimu-
tagenic and immunomodulatory activities®~*. In
our systematical study on the chemical constituents
of D. nobile, twelve phenolic compounds were ob-
tained. Their structures were characterized as di-
hydroconiferyl dihydro-p-coumarate (I ), vanillin
(I), apocynin ( I ), p-hydroxybenzaldehyde
(N), syringaldehyde (V ), syringic acid (VI ), sy-
ringylethanone ( VI ), a-hydroxypropiosyringone
(VI), coniferyl aldehyde (X ), dihydroconiferyl al-
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cohol (X ), 2-hydroxyphenylpropanol (X ), and
(xt) . Al

above compounds are reported from this plant for

3-hydroxy-4-methoxyphenylethanol

the first time, and compounds I and I ~XI are
reported for the first time from the plants of Den-
drobium Sw.

1 Experiment

1.1 General: Melting points were determined on
a YANACO apparatus and were uncorrected. ESI-
MS spectra were performed on a Bruker Esquire
2000 Mass Spectrometer and HR-ESI-MS spectra
were obtained on a Micromass Q-TOF Mass Spec-
trometer. NMR spectra were run on a Bruker A-
VANCE 400 NMR Spectrometer (400 MHz for
'H-NMR, 100 MHz for “C-NMR) with TMS as
internal standard. The analytical and preparative
HPLC were performed on a Shimadzu Pak with RI
detector using a Shim-pack VP-ODS column (250
mm X 4. 6 mm) and a Shim-pack PREP-ODS col-
umn (250 mm X 10 mm), respectively. Column
chromatography was carried out on silica gel H60
(Qingdao Haiyang Chemical Group Corporation,
Qingdao, China), Sephadex LH-20 (Amersham
Biosciences AB) and ODS (60— 80pm, Merck) as
packing materials. Silica gel G was used for analy-
tical TLC.

1.2 Plant material; The fresh stems of D. nobile
were collected in Yunnan Province and identified
by Ms. Xiao Li-ping of Hongkong Kadoorie Farm
&. Botanic Garden. A voucher specimen is deposit-
ed at Research Center of Traditional Chinese
Medicine and Natural Products, Shenzhen, China.
1.3 Extraction and isolation; The powdered air-
dried stems of D. nobile (5 kg) were refluxed with
60% EtOH for three times. After evaporation of
EtOH in vacuo, the aqueous residue was extracted
with EtOAc and n-BuOH successively. The EtOAc
extract was first subjected to column chromatogra-
phy on silica gel eluted with CHCl;-MeOH (100 :
0—0 : 100) to afford 12 fractions. Fraction 5 was
further chromatographed on silica gel MPLC by
gradient elution with cyclohexane-EtOAc (95 : 5—
0: 1) to give 13 fractions. Subfractions 7, 9, 10

were passed over Sephadex LH-20 column with

CHCI;-MeOH (1 : 1) as eluent and then applied to
ODS column eluted with MeOH-H,O (4 : 6—>8 :
2) respectively. Compounds I (12.1 mg), I
(8.1 mg), V (30.9mg), VI (23.0mg), and K
(12.2 mg) were finally obtained from respective
eluent of 40% MeOH by purification with prepara-
tive HPLC (25% MeOH) . Through the same
chromatographic methods, compounds 1 (5.6
mg), V (3.8mg), I (1.9 mg), X (2.7 mg),
and XI (3.3 mg) were isolated from fraction 6, and
compounds VI (28.4 mg) and X (4.8 mg) were
isolated from fraction 7.

2 Structure identification

Compound I (dihydroconiferyl dihydro-p-
coumarate)™; C,,H,0s, light yellow oil. +HR-
ESI-Q-TOF-MS m/z 331.152 8, [M+H]+. ESI-
MS m/z 353.0, [M +Nal*; m/z 329.0, [M-
H]~. 'H-NMR (400 MHz, CDCl;) &: 7.06 (2H,
d, J= 8.4Hz, H-2', 6'), 6.82 (1H, d, J=
8.6Hz, H-5), 6.74 (2H, d, J= 8.4Hz, H-3,
5'), 6.65 (1H, brs, H-2), 6.64 (1H, dd, J=
8.8, 1.8Hz, H-6), 5.46 (1H, H-4-OH), 4.08
(2H, t, J=6.5Hz, H-9), 3.87 (3H, s, H-3-
OCH;), 2.88 (2H, t, J=17.6Hz, H-7"), 2.59
(2H, t, J=7.6Hz, H-8), 2.56 (2H, t, J=
7.4Hz, H-7), 1.89 (2H, m, H-8). “C-NMR
(100 MHz, CDCl;) &: 173.1 (C-9'), 154.0 (C-
4'), 146.4 (C-3), 143.8 (C-4), 133.1 (C-1),
132.7 (C-1"), 129.4 (C-2',6'), 121.0 (C-6),
115. 3 (C-3',5"), 114. 3 (C-5), 111.0 (C-2), 63.8
(C-9), 55.9 (C-3-OCH;), 36.2 (C-8), 31.8 (C-
7), 30.5 (C-8), 30.2 (C-7").

Compound I (vanillin)3; CsHzO;, white
needles (MeOH), mp 170—172 C. ESI-MS m/z
153.1, [M+H]*; m/z 151.1, [M-H]. 'H-NMR
(400 MHz, CDCl;) 8. 9.83 (1H, s, CHO), 7.43
(1H, dd, J=38.5, 1.7Hz, H-6), 7.42 (1H, d,
J=1.7Hz, H-2), 7.04 (1H, d, J=8. 5Hz, H-5),
6.16 (1H, s, H-4-OH), 3.97 (3H, s, H-3-
OCH,). 13C-NMR (100 MHz, CDCl;) &: 190.8
(CHO), 151.7 (C-4), 147.2 (C-3), 129.9 (C-1),
127.5 (C-6), 114.3 (C-5), 108.8 (C-2), 56.2
(C-3-OCH,).



* 654 -

% % %  Chinese Traditional and Herbal Drugs $37%%¥ 5% 200655 A

Compound E (apocynin)®, CH,,0;, white
solid. ESI-MS m/z 167.1, [M+H]", m/z 189.1,
(M+Nal*; m/z 165.1, [M-H]. 'H-NMR (400
MHz, CDCl;) é: 7.54 (1H, d, J=1.8Hz, H-2),
7.53 (1H, dd, J=8. 6, 1. 9Hz, H-6), 6.95 (1H,
d, J=8.7Hz, H-5), 6.13 (1H, s, H-4-OH),
3.95 (3H, s, H-3-OCH3), 2. 56 (3H, s, COCH,).
BC-NMR (100 MHz, CDCl;) &: 196. 8 (COCH,),
150. 4 (C-4), 146.6 (C-3), 130.3 (C-1), 124.0
(C-6), 113.8 (C-5), 109.8 (C-2), 56.1 (C-3-
OCH,), 26.2 (COCH,).

Compound N ( p-hydroxybenzaldehyde )™,
C,H0,, white solid. ESI-MS m/z 123.1, [M+
H]*, m/z 145.0, [M+Na]l*; m/z 121.0, [M-
HTJ. 'H-NMR (400 MHz, CDCl;) &: 9.87 (1H,
s, CHO), 7.81 (2H, d, J=8.4Hz, H-2, 6),
6.96 (2H, d, J=38.4Hz, H-3, 5), 5.91 (1H, s,
H-4-OH). *C-NMR (100 MHz, CDCl;) &: 190.9
(CHO), 161.3 (C-4), 132.4 (C-2, 6), 130.1 (C-
1), 116.0 (C-3, 5).

Compound V (syringaldehyde)"; C,H,,0,,
colorless cubics (MeOH), mp 254 —255 ‘C. ESI-
MS m/z 183.1, [M+H]*; m/z 181.0, [M-HJ.
'H-NMR (400 MHz, CDCl;) ¢&: 9.82 (1H, s,
CHO), 7.15 (2H, s, H-2, 6), 6.15 (1H, s, H-4-
OH), 3.97 (6H, s, H-3, 5-OCH;). “C-NMR
(100 MHz, CDCl;) 8: 190. 7 (CHO), 147. 3 (C-3,
5), 140.8 (C-4), 128.4 (C-1), 106.7 (C-2, 6),
56.4 (C-3, 5-OCH,).

Compound VI (syringic acid )™, CyH,,Os,
colorless needles (MeOH), mp 213—215 C. ESI-
MS m/z 199.1, [M+H]", m/z 221.1, [M+
Nal*; m/2 197.0, [M-H]. 'H-NMR (400 MHz,
CD,0OD) é: 7.32 (2H, s, H-2, 6), 3.87 (6H, s,
H-3, 5-OCH;). *C-NMR (100 MHz, CD,0OD) ¢:
170. 0 (COOH), 148.8 (C-3, 5), 141, 7 (C-4),
122.0 (C-1), 108.4 (C-2, 6), 56.8 (C-3, 5-
OCH,).

Compound VI (syringylethanone): C;,,H;,0,,
colorless cubics (MeOH), mp 241—242 ‘C. ESI-
MS m/z 197.0, [M+H]I*, m/z 219.0, [M+
Nal*t; m/z 195.0, [M-H]. 'H-NMR (400 MHz,
CDCl;) 6: 7.25 (2H, s, H-2, 6), 6.06 (1H, s,

H-4-OH), 3.95 (6H, s, H-3, 5-OCH;), 2.57
(3H, s, COCH;). “C-NMR (100 MHz, CDCl;)
6: 196.5 (COCH;), 146.7 (C-3, 5), 139.7 (C-
4), 128.8 (C-1), 105.8 (C-2, 6), 56.4 (C-3, 5-
OCH3), 26. 2 (COCHj,).

Compound VI (a-hydroxypropiosyringone ) :
CuH.0s, light yellow oil. ESI-MS m/z 227.1,
[M+H]", m/z 249.0, [M+Na]*; m/z 225.0,
[M-HJ]. 'H-NMR (400 MHz, CDCl;) ¢: 7.21
(2H, s, H-2, 6), 6.03 (1H, s, H-4-OH), 5.11
(1H, m, COCH(OH)CH,), 3.96 (6H, s, H-3, 5-
OCH,;), 3.77 (1H, d, J=6.4 Hz, COCH (OH)
CH;), 1.46 (3H, d, J=17.0 Hz, COCH (OH)
CH;). “C-NMR (100 MHz, CDCl;) &: 200.7
(COCH(OH)CH;), 147. 0 (C-3, 5), 140.6 (C-4),
124.7 (C-1), 106. 2 (C-2, 6), 68.9 (COCH(OH)
CH,), 56.6 (C-3, 5-OCH;), 22.9 (COCH(OH)
CH;).

Compound KX (coniferyl aldehyde): C;,H,0,0;,
yellow solid. ESI-MS m/z 179.1, [M+H]1", m/z
201.1, [M + Nal*; m/z 177.1, [M-H].
'H-NMR (400 MHz, CDCl;) &: 9.64 (1H, d, J=
7.7Hz, CH = CHCHO), 7.40 (1H, d, J=
15. 8Hz, CH=CHCHO), 7.12 (1H, dd, J=8. 2,
1.9Hz, H-6), 7.07 (1H, d, J=1.8Hz, H-2),
6.96 (1H, d, J=8.2Hz, H-5), 6.59 (1H, dd,
J=16.1, 7. 7Hz, CH=CHCHO), 3.94 (3H, s,
H-3-OCH;) . “C-NMR (100 MHz, CDCl;) ¢
193. 6 (CH=CHCHO), 153.1 (CH=CHCHO),
148.9 (C-4), 146.9 (C-3), 126.6 (C-1), 126.4
(CH = CHCHO), 124.0 (C-6), 114.9 (C-5),
109.5 (C-2), 55.9 (C-3-OCH;).

Compound X (dihydroconiferyl alcohol );
CiH,0;, light yellow oil. ESI-MS m/z 205.0,
[M+Nal*; m/z 181.0, [M-H]. 'H-NMR (400
MHz, CDCl,) J: 6.83 (1H, m, H-5), 6.70 (1H,
m, H-2), 6.68 (1H, m, H-6), 5.46 (1H, s, H-4-
OH), 3.88 (3H, s, H-3-OCH;), 3.68 (2H, t,
J= 6.4 Hz, CH,CH,CH,OH), 2.64 (2H, m,
CH,CH,CH;:OH ), 1. 87 ( 2H, m,
CH,CH,CH,OH). “C-NMR (100 MHz, CDCl;) ¢
146.4 (C-3), 143.8 (C-4), 133.7 (C-1), 121.0
(C-6), 114.3 (C-5), 111.0 (C-2), 62.3
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(CH,CH,CH,OH ), 55.9 (C-3-OCH,;), 34.5
(CH,CH,CH,0OH), 31.8 (CH,CH,CH,OH).

Compound X ( 2-hydroxyphenylpropanol ).
C,H,,0,, light yellow oil. ESI-MS m/z 175.2,
[M+Na]l*; m/z 151.3, [M-H]. 'H-NMR (400
MHz, CDCl;) 6. 7.11 (2H, m, H-4, 6), 6.86
(2H, m, H-3, 5), 3, 65 (2H, t, J=5.8Hz,
CH,CH,CH,OH), 2.78 (2H, t, J= 6.8Hz,
CH,CH,CH,OH ), 1.89 (2H, m, CH,CH,-
CH,OH). “C-NMR (100 MHz, CDCl;) &: 154.6
(C-2), 130.6 (C-6), 127.6 (C-4), 127.1 (C-1),
120.8 (C-5), 116.2 (C-3), 60.8 (CH.CH,-
CH,0OH), 32.2 (CH,CH.CH,OH), 25.2 (CH,CH,-
CH,0H).

Compound XI (3-hydroxy-4-methoxyphenyl-
ethanol); C,H,,0;, light yellow oil. ESI-MS m/z
191.0, [M+Na]*. 'H-NMR (400 MHz, CDCl;)
&: 6.80 (1H, brs, H-2), 6.79 (1H, d, J=
8. 2Hz, H-5), 6.70 (1H, dd, J=8.1, 2. 1Hz, H-
6), 5.78 (1H, s, H-3-OH), 3.87 (3H, s, H-4-
OCH,), 3.82 (2H, t, J=6.5Hz, CH,CH,OH),
2.78 (2H, t, J=6.5Hz, CH,CH,OH). 13C-NMR
(100 MHz, CDCl;) 8: 145.8 (C-3), 145.3 (C-4),
131.7 (C-1), 120.5 (C-6), 115.1 (C-2), 110.8
(C-5), 63.7 (CH,CH,OH), 56.0 (C-4-OCH;),
38. 6 (CH,CH,OH).
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