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CHAPTER |

INTRODUCTION

Plants of genus Dendrobium are members of Orchidaceae family. Their
botanical characters have been described by Holttum as follows (Holttum, 1957).

Plants nearly all epiphytic, of sympodium growth, each branch of the
sympodium bearing one or more leaves, its stem thin, or fleshy throughout, or fleshy
in part only; leaves of various shape, jointed at.the base; influorescences usually
lateral, of one or many flowers, which-sometiimes-appear singly in succession from a
small group of bracts; lateral-Sepals. more or less triangular in shape, their bases
jointed to the column-foot, forming a mentum; petals either smaller or larger than the
sepals, usually thinneri"lipsmore or less 3:-lobed (often only slightly), the base often
long and narrow, jointed to,the end of the+column-foot (Thus forming a closed spur),
often with the longitudinal keels but rare‘IVyJWith calli; column with the distinct foot
which is often long, the eolumn itself short/ with two small lateral horns or arms
which in rare cases develop into additional’énthﬂers; anther usually attached at its apex
by a filament; pollinia 4 in two pairs, or 8 mtwo groups of four, without or with short
caudicles; rostellum small. 7R

The species of -Bendrobium-in-Fhatland-aceording to Smitinand (2001) are as

follows.

Dendrobium acerosum Lindl. nane lifilens Kluai mai mue nang

(Chumphon);wwittne Khao phae
(Chanthaburi).

D. acinaciforme Roxb. roaazgu i Ueng ta khap; 0ossoaasow
Ueang yot soi (Northern).

D. albosanguineum Lindl. 1999197 Ueang ta ngua (Mae Hong
Son); 1904As Ueang tueng (Tak); 190m1

83 Ueang pha wiang (Bangkok).

D. aloifolium (Blume) Rchb.f. 1999913 Ueang chang (Trat); 103y
Ueang mani (Bangkok).



D. anosmum Lindl.

D. aphrodite Rchb.f.

D. aphyllum (Roxb.) C.E.C.Fisch.

D. bambusifolium Parish & Rchb.f.‘.

D. bellatulum Rolfe

£ . A&
1003a18 Ueang sal, taa3a181ia3 Ueang
sai luang (Chiang Mai, Peninsular).

= D. albosanguineum Lindl.

weyd Pho-thu-ki (Karen-Mae Hong
Son); wenAunse Mok-kham-khruea
(Shan-Mae Hong Son); Balvnin Ueang
khai nao, Lgmmﬂ"lﬁ Ueang sai mai
(Ampang); 193173913 Ueang nguang
chang-(Mae Hong Son); iaoadonlsl
Ueang yoi mai (Northern); iBoadoauds

(Chiang-Mat).

= D. salaceense (Blume) Lindl.

£ &
e rey Ueang sae phu, 0easzaoui]e

Ueang sae doi pui (Chiang Mai).

D. bicameratum Lindl.

D. bilobulatum Seidenf.

* 190319 Ueang khem (Northern).

oo l3iA19lar Kluai mai kang pla

< (General).

D. binoculare .Rchb.f.

D. brymerianum Rchb.f.
D. calceolaria Carey ex Hook.

D. capilipes Rchb.f.

D. cariniferum Rchb.f.

wol Ing Iw Pho-ni-kho-pho, wori/5e
Pho-phu-prue-ya (Karen-Mae Hong
Son); 1eeM1ee Ueang kham sai, 1994

#1911 Ueang champa (Northern).

1degaros Ueang kham foi, t9eefrlew
= D. moschatum (Buch.-Ham) Sw.

Boafnn Ueang kham kio (Lampang,
Phrae); 13esfnilan Ueang kham pok,
Boafse Ueang kham hia (Chiang Mai);

19991 Ueang min (Northern).

weilanme Ia Pho-mue-kha-pha-do
(Karen-Mae Hong Son);



D.

D.

D

Summerh.

D

. christyanum Rchb.f.

. chrysanthum Lindl.

. chrysotoxum-izind!,

19e9n19n Ueang kachok, 19eaityeivaes
Ueang sae lueang Chiang Mai); 190w
a3 Ueang sae dong (Chiang Mai, Mae

Hong Son); 1d9s#s Ueang tueng
(Lampang).

Lﬁmungﬂizﬁq Ueang sae phu kradueng
(Loei).

(99 3@10us5na Ueang sai morakot
(Bangkok).

el 1AZ Pho-ni-kho (Karen-Mae Hong

Son); L§®Qﬁ1 Ueang kham (Northern);

Bouim Ueang kham ta (Chiang Mai).

ciliatum Parish ex Hook.f.
ciliferum Bakh.f

. coelogyne Rchb.f.

. compactum Rolfe ex W. Hackett

. concinnum“Migq.
. crassinode Benson & Rchb.f.

. crepidatum Lindl. & Paxtan

. crocatum'Hook.f.

. cruentum Rchb.f.

. crumenatum Sw.

. = D. venustum Teijsm & Binn.
.= D.venustum Teijsm & Binn.

= Epigeneium amplum (Lindl.)

1004taaen Ueang khao tok (Northern).

w9l Hang pia (Narathiwat).
= D. pendulum Roxb.

A 3 . .
@o3a 1911ven Ueang sai nam khiao
(Genaral).

1999119198 Ueang hang nuan
(Peninsular).

1hnuniufda Pak nok kaeo, 19o3untida
Ueang mok kaeo (Bangkok).

unnze1 Nok kayang (Chon Buri); 11
N894+ Buap klang hao (Chiang Mai);

udnszduns Sae phra in (Chanthaburi,



D. crystallinum Rchb.f.

D.

D.

. cumulatum Lindl.

. dalhousieanum \Wall.

. dantaniense.Guillaumin

. delacourii Guillatmin

. densiflorum Lindl.

. devonianum Paxton

dickasonii L.O.Williams

discolor Lindl.

D. dixanthum Rchb.f.

Trat); v1eazues Wai tamoi; 1909u1a
Ueang mali (Central, Peninsular); Pi

geon orchid.

2 ; 2 24

19091193 U Ueang nang fon, 1o04iiaio
4 - -

wWszu1swal Ueang nio phra narai

(Chiang Mai); Lgﬁlﬂ’dWﬁmﬁ Ueang sai
sam si (Bangkok).

- a 4
Myunod Thian thong, MeungIdUNs

Thian'bhaya in, Bosdednen Ueang sai
si-dok-(Northern, Southeastern).

= D. pulchellum Roxb. Ex Lindl.

4 Lgaw'fm Ueang khem (Chiang Mai).
= D. venustum Teijsm & Binn.

2 Y
-~ 19p9u01 149 Ueang monkKhai; 1994
1 Y
wou limaey Ueang mon khai liam; t9eq
‘e liiaes Ueang mon khai lueang

~ (Northern): 19paueuf1 Ueang monk ham

(Chiang Mat).

A A . & 9y &
199Ny Ugang miang, (9a3a18gn1ng
Ueang sai pha kang, 19esaenszauns
Ugang'sai phfaiif(Chiang Mai); 1904

Ts911i30anae Ueang rot rueng saeng
(Bangkak),

i3aAisz Ueang khia (Chiang Mai).
nNenan Wai klak (Bangkok).

2 Y
1oeef1Jou Ueang kham pon; 1ded11h
Y
Ueang kham pa, 10946117 Ueang kham
Y Y
pio, 1de4tiiey Ueang thian, 10eqluln

Ueang bai phai, Bodl



D. draconis Rchb.f.

D. ellipsophyllum Tang & Wang

D. exile Schltr.

D. falconeri Hook.

D. farmer Paxton

D. fimbriatum Hook.

D. fimbriatum‘Lindl. var. oculatum

Hook.f.

D. findlayanum:Parish & Rehb f.

D. formosum Roxb. ex Lindl.

D. friedericksianum Rchb.f.

Ueang phai (Northern).

wota Pho-che (Karen-Mae Hong Son

1999131 Ueang ngoen (Northern); 19994
Ueang tueng (Mae Hong Son).

19p9nes Ueang thong (General).

dy dy " 9 a 4
wouayy Ueang sian, Lawseauns Sae
phra in (General).

lan#13 Pho-tu-dang (Karen-Mae Hong
)

Son); 100415911519 Ueang rot rueng

saeng; 10aseeIgas Ueang sai wisut

(Bangkok); L?ﬁymmfjmww Ueang ya phaet

* (Chiang Mai).
i’e’ﬁ’mﬂ’ﬁmmg Ueang mat chanu (Bangkok).
: _iﬁmﬁwm% Ueang kham ta dam (Mae

‘Hong Son); 1peamtios Ueang kham noi

v
- (Chiang Mai); Lﬁmunuqﬁ Ueang waeo

mayura (Central, Nakhon Ratchasima).

= D. fimbriatum Hook

WAL EN Phuang yok, ey Wai pom
(Bangkok); Boate Ueang kho (Chiang
Mai):

1999%UA9 Ueang khi phueng (Peninsular);

v

19999Una19 Ueang ngoen luang, 190901

iy Ueang ta hoen (Chiang Mai).

Y
ide93uNYys Lueang chantabun, ©oaun
9
wiju Ueang nok khamin (Chantaburi);

pounaoIdunys Ueang lueang
chantabun (Bangkok).



D. friedericksianum Rchb.f. var.

oculatum Seidenf. & Smitinand

D. fuerstenbergianum Schitr.

D. gibsonii Lindl.

D. grande Hook.f.

D. gratiotissimum Rehb:f,
D. gregulus Seidenf.

D. griffithianum Lindl.

D. harveyanum Rchb.f:

D. hendersonii Hawkes & Heller

D. hercoglossum Rchb.f.

D. heterocarpum Lindl.

D. hildebrandii Rolfe

D.indivisum (Blume) Miq. var.
indivisum

= D. friedericksianum Rchb.f.

Lﬁamcﬁzgﬂszﬁq Ueang sae phu kradueng
(Loei).

woti Ing Tw Pho-ni-ko-pho, wegi3s Pho-
phu-prue-ya (Karen-Mae Hong Son);
19e3R1m1 Ueang kham ta, 9esfae
Ueang kham sai (Northern); 19033111
Ueang champa (Central).

1004w lilnn Ueang phaeng bai yai
(Peninsular).

DodnIdh Ueang king dam (Bangkok).
10aaugaon Ueang matom (Chiang Mai).

4 &y @ dy @
[9OININ 18 Ueang matchanu, 19931391

~ iap1 Ueang Matcha Lueang (Bangkok).

Y 9
J{9eufras Ueang kham foi, toesddee

okne-Ueang kham foi india (Chiang
Mai).

¥Neazuoeios Wai tamoi noi
(Peninsulan):

19e9neNueIe Ueang.dok ma khuea
(Bangkaok):

& o
ezl Ueang sae dong, 19e3aqu

Ueang si chun, t9asda1a Ueang si tan
(Chiang Mai)

= D. signatum Rchb.f.

9
auden 'l Tan sian mai (Chumporn).



D. indivisum var. lampangense Rolfe= D. porphyrophyllum Guillaumin

D. indivisum var. pallidum Seidenf.

D. infundibulum Lindl.

D. intricatum Gagnep.

D. jenkensii Wall. ex Lindl.

D. kanburiense Seideni:

D. leonis (Lindl) Rchb.f.

D. lindleyi Steud.

D. lituiforum Lindl.

D. lobbii Teijsm.‘&Binn.
D. longicornu Lindl:

D. margaitaceum Finet
D. moschatum (Buch.-Ham.) Sw.
D. moulmeinense Parish ex Hook.f.

D. nathanielis Rchb.f.
D. nobile Lindl.

D. ochreatum Lindl.

Aatlar Kang pla (General).

2
19993U1a29 Ueang ngoen luang (Mae

Hong Son); 1esaiu
Ueang ta hoen (Genaral).

Lgﬁ)\‘]‘b’lle Ueang chom phu (Chanthaburi).

Lgﬂﬁﬁﬂﬁﬂﬂ Ueang phueng noi (Chiang
Mat).

Weoemnd Wai muang kan
(Kanchanaburi).

10999z lunj Ueang ta khap yai

(General).

Twaoutia Pho-don-lae (Karen-Mae

-";ang Son); 19049 Ueang phueng

(Northern).

=)= ' FY
1099a39 Uearg khrang (Loei); 1oo9a1e

129 Ueang sai“muang (Bangkok,
Northern).

= D. villosulum Lindl.
='D! wattii (Hook:f.) Rchb.f.

=D. christyanum-Rchb.f.
Lgaq§1°ﬂ1 Ueang champa (Northern).
= D. dixanthum Rchb.f.

indaiiy Klet nim (Chanthaburi).
o Ueang khao kio (Northern).

9 9
1999/ Ueang kham kho, 19e4/1in



D. oligophyllum Gagnep.

D. pachyglossum C.S.P.Parish &

Rchb.f.

D. pachyphyllum (Kuntze) Bakh.f.

D. palpebrae Lindl.

D. parcum Rchb.f,

D. parishii Rchb.f.

D. pendulun Rexb:

D. pensile Ridl.

D. porphyrophyllum Guillaumin.

D. primulinum Lindl.

D. pulchellum Roxb. ex Lindl.

1511 Ueang kham phak prap, Bosday

Ueang ngoi, Lélﬁ)\‘]@zelﬂﬂ Ueang ta khap
(Chiang Mai).

Y17men1l5191 Khao tok prachin
(General).

1poavuHy Ueang khon mu
(Mae Hong Son)

Y, Y
@oetias Ueang noi, 19esaedly Ueang
song-bai (General).

ﬁy U dy 4
1993uan1 Ueang mat cha, 10031919
Ueang matchanu (Bangkok).

A SRR . & )
wadnun Ueang kan kio, voalinna
Ueang mai kwat (Bangkok).

- ,L?imﬂ%'“q Ueang khrang (Northern); 1904
-,;,ﬂm%'“a Ueang nam khrang (Bangkok);

19ed0amn3a Ueang attakrit, 19098Unn3a
- Ueang inthakrit (Phetchabun).

weshmgd Ueang mai thao ruesi
(Bangkok, €hiangmai).

w18 Wai, vimedos Wai Yoi
(Narathiwat):

1999au Ueang lin (Lampang).

A ¥ L . .
wova g ey Ueang 'sai-nam khiao
9 Yy 9
(Chiang Mai); t9eea1e1i1de Ueang sai
& .
nam phueng, 19e9a11seam Ueang sai

& A .
prasat, (po3aeMane Ueang sai lueang

Yzuniitis Pa-nae-mi-phoei, wellvoidy
Pho-mi-yo-e (Karen-Mae Hong Son);
uenAMIA1e Mok-kham-ta-khwai



D. pychnostachyum Lindl.

D. salaccense (Blume) Lindl.

D. scabrilingue Lindi:

D. secundum (Blume) Lindt.

D. seidenfadenii Rchb.f.

D. senile Parish.& Rchb.f.

D. signatum Rchb.f.

(Shan-Mae Hong Son); auila Soppet
(Loei); 1903/191n 10 Ueang kham ta
khwai, 1909017218 Ueang ta khwai (Mae

Hong Son); 1989%141117 Ueang chang nao
(Northern).

iwndead Sawet sot si (Chiang Mai):

weumadoad Ueang sawet Sot Si
(Bangkok).

Lgaq“lu”lri Ueang bai phai (Chiang Mai).

Weaon1 Pho-do-ya, weilen1 Pho-mue-

kha, wewiiua1 Pho-muen-kha, wouni

ez Pho-mae-lae (Karen-Mae Hong
Son): 18egwe Ueang sae (Mae Hong

. Son); 1Bz e Ueang sae hom
(Chiang Mai).
“fing Kap kae (Loei); nogvi1 Kho ngu

~‘hao (Central); 9oalss@ilu Ueang

praeng si fan, looarisenln Ueang ngon
kai (Northern).

Lﬁymgﬁﬂz Ueang kia (Chiang Mai).

{199 Mue chaim, 1esuusig Ueang
khonskhang (Chiang Mai); ol
Ueang chani, (oL Ueang nang ni
(Bangkok); Boailonns Ueang mue khang

(Mae Hong Son); Lgmﬁqﬂ Ueang | hui
(Northern).

§ A . { <
199418177 Ueang khao kio, 19esauiila

Ueang tin pet (Northern), erz1iis913 Sa
moeng-ang (Shan-Mae Hong Son),



. stuposum Lindl.

. sulcatum Lindl.

. superbiens Rchb.f.
. superbum Rchb.f.

. sutepense Rolfe ex downie

. terminale Parish & Rehb.f.

. thyrsiflorum Rehb.f.

. tortile Lindl.

. trigonopus Rchb.f.

. trinervium Ridl.

. unicum Seidenf.

. venustum Teijsm. & Binn.

10

Lﬁyﬁmﬁuuﬂ Ueang tin nok (Chiang Mai).
Lﬁyﬁmaw Ueang sai (Chiang Mai).

s rining Ueang champa nan
(Bangkok).

n1eAs Wai khing (Bangkok).
= D. anosmum Lindl.

4 £ a
Woasz Ueang sae, oodugeiuza Ueang

v
sae mali, t9eanzd Ueang mali (Chiang
Mai).

gt Tam Ueang phaeng sopha

“ (Peninsular).

Hulng Kap kae (Loei); woa19a Pho-
~sang-di (Karen-Mae Hong Son); sieu'l4
a1 Ueang khai bai mon, oeauen 141y

j-11‘1:!1":LJeang mon khai bai mon (Northern).

fuun Tin nok-(Chiang Mai); 10e4l3fAs
Ueang mai flieng (Mae Hong Son); 1994

v Y v
111N Ueang kao kio, 1oeafniuiaziseq
Weang kao kio mae sarieng (Northern).

k)
= o

109 1thn In Ueang kham pak kai, 304

a9 Ueang kham.phu.(Loei); 1999/

el Ueang-kham fiam-(Chiang Mai).
tMeuds Thian ling (Chumporn).

ES EY a
weansuaa Ueang krang saet, toodaod

- 2 o
uaa Ueang sai si saet, 1009010300
Ueang kam lang ek (General).

9 ~ a - - 491 9
VUM UeIn3 Khao niao Ilng, BBV
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milenas Ueang khao niao ling (General),
109NN Ueang dok kham, 1904
aonueu1y Ueang dok ma kham,

19wz Ueang ma kham (Phrae).
D. villosum Lindl. ndaevigu1 Klui ya na (Bangkok).

2 2
D. virgineum Rchb.f. 19991195 Ueang nang chi, 1993%zu1n

Ugang chi pa khao, 1901du3ana Ueang
nocen wilat (Northeastern).

D. wardianum Warner wamuayl Pho-den-ya (Karen-Chiang

Mai); 19oaugi 133598 Ueang mani trai
rong (Northern).

D. wattii (Hook.f) Rehh.f. L 10D Ueang sae (Northern).
D. ypsilon Seident. ; .ijmuuuﬂm@fﬂ Ueang baen pak tat
- (General).

Dendrobium draconis-Rchb. f. has a local name as Ueang Ngoen. It is
found from India, Myanmar, Laos, Cambodia, Vietnam and.Thailand. Its hairy stem is
about a foot tall. Flowers are short clusters, pure white sepals and petals, lip white
with orange-red lines-toward the base. The number of-flowers are 2-5, with 6.5 cm
sized. Their flowering period is.on March to"April (Curtis, 1950; Seidenfaden, 1985;
Vaddhanaphuti, 2005).

Dendrobiunmdracenis:Rchb. if.thastno previous recordof chemical
examination. A preliminary study on the methanol extract of this plant showed 75.78
% DPPH reduction at the concentration of 100 pg/ml.

The main objectives in this study are as follows.

1. Isolation and purification of constituents of D. draconis.

2. Determination of the chemical structure of each isolated compound.

3. Evaluation of each isolated compound for its free radical scavenging

activity.
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Figure 1 Dendrobium draconis Rchb.f



CHAPTER I

HISTORICAL

1. Chemical constituents of Dendrobium spp.

A number of chemical constituents isolated from the genus Dendrobium can

be classified as bibenzyls of various types. In addition, other classes of natural

compounds such as phenanthrenes, sesquiterpenes, fluorenones and miscellaneous

substances have been found (Table 1).

Table 1 Distribution of chemical constituenisin the genus Dendrobium.

Plant and compound Category Plant part Reference
Dendrobium aduncum
Aduncin [1] Sesquiterpene Whole plant Gawell and
Leander, 1976
Dendrobium amoenum
Amoenin [2] Sesquiterpene Whole plant | Dahmen and
) Leander, 1978;
Majumder et al.,
1999
Amoenumin [3] Phenanthrene Whoie plant | Veerraju et al.,
1989
Amoenylin [4] Bibenzyl Whole plant | Majumder et al.,
1999
Amotin [5] Sesquiterpene Whole plant | Dahmen and
Leander, 1978;
Majumder et al.,
1999
3,4'-Dihydroxy-5- Bibenzyl Whole plant | Majumder et al.,
methoxybibenzyl [6] 1999
Flaccidin (Amoenumin) [3] Phenanthrene Whole plant | Majumder et al.,
1999
Isoamoenylin [7] Bibenzyl Whole plant | Majumder et al.,

1999




Table 1 (continued)
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Plant and compound Category Plant part Reference
Moscatilin [8] Bibenzyl Whole plant | Majumder et al.,
1999
Dendrobium aphyllum
Batatasin 111 [9] Bibenzyl Whole plant | Chenetal.,
2008
Coelonin [10] Phenanthreng Whole plant | Chen et al.,
2008
Dibutyl phthalate [11] Benzoic acid Whole plant | Chen et al.,
ester, 2008
Diisobutyl phthalate [12] Benzoic acid Whole plant | Chen et al.,
ester 2008
Flavanthrin [13] Biphenanthrene | Whole plant | Chen et al.,
‘ 2008
Gigantol [14] Bibenzyl | Whole plant | Chen etal.,
'{m- 2008
p-Hydroxyphenylpropionic Phenotic— - Whole plant | Chenetal.,
methyl ester [15] compound’ ==+ 2008
Lusianthridin [16] Phenanthrene Whoie plant | Chen et al.,
2008
Moscatin [17] Phenanthrene Whole plant | Chen et al.,
2008
Dendrobium aurantiacum
Chrysotobibenzyl [48] Bibenzyl Stem Yang et al.,
2006
Chrysotoxin [19] Bibenzyl Stem Yang et al.,
2006
Coumarin [20] Coumarin Stem Yang et al.,
2006
Defuscin [21] Phenolic Stem Yang et al.,
compound 2006
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Plant and compound Category Plant part Reference
Dendroflorin [22] Fluorenone Stem Yang et al.,
2006
Gigantol [14] Bibenzyl Stem Yang et al.,
2006
Kaempferol [23] Flavonol Stem Yang et al.,
2006
Moscatilin [8] Bibenzyl Stem Yang et al.,
2006
Naringenin [24] Flavanone Stem Yang et al.,
2006
n-Octacosyl ferulate [25] Phenylpropanoid | Stem Yang et al.,
' 2006
Taraxerol [26] Triterpene Stem Yang et al.,
' 2006
Denrobium candidum :
Dendrocandin A [27] Bibenzyl Stem Li et al., 2008
Dendrocandin B [28] Bibenzyl Stem Li et al., 2008
Dendrocandin C [29] Bibenzyl Stém Li et al., 2009a
Dendrocandin D [30] Bibenzyl Stem Li et al., 2009a
Dendrocandin 'E [31] Bibenzyl Stem Li et al., 2009a
Dendrocandin F[32] Bishibenzyl Stem Lietal., 2009b
Dendrocandin G [33] Bisbibenzyl Stem Lietal., 2009b
Dendrocandin H [34] Bibenzyl Stem Li et al., 2009b
Dendrocandin | [35] Bibenzyl Stem Li et al., 2009b
Dendrophenol [36] Bibenzyl Stem Lietal., 2008
4,4'-Dihydroxy-3,5- Bibenzyl Stem Lietal., 2008

dimethoxybibenzyl [37]
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Plant and compound Category Plant part Reference
3,4-Dihydroxy-5,4'- Bibenzyl Stem Lietal., 2008
dimethoxybibenzyl [38]

Gigantol [14] Bibenzyl Stem Lietal., 2008
3-O-Methylgigantol [39] Bibenzyl Stem Lietal., 2008
Dendrobium cariniferum
Batatasin 111 [9] Bibenzyl Whole plant | Chenetal.,
2008
Dendronone [40] Phenanthrene- Whole plant | Chenetal.,
quinone 2008
Gigantol [14] Bibenzyls Whole plant | Chenetal.,
2008
Dendrobium chrysanthum
Chrysotobibenzyl [18] Bibenzyl Whole plant | Yangetal.,
2006
Chrysotoxin [19] Bibenzyl Whole plant | Yanget al.,
2006
Crepidatin [41] Bibenzyl Whole plant | Yang et al.,
2006
Dendrochrysanene [42] Phenanthrepe Whole plant | Yang et al.,
2006
Dengibsin [43] Fluorenone Whole plant | Yanget al.,
2006
4,4'-Dihydroxy-3,3',5- Bibenzyl Whole plant | Min et al., 1987
trimethoxybibenzyl [44]
Gigantol [14] Bibenzyl Whole plant | Yangetal.,
2006
Moscatilin [8] Bibenzyl Whole plant | Yang et al.,
2006
Moscatin [17] Phenanthrene Whole plant | Yangetal.,

2006
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Plant and compound Category Plant part Reference
Dendrobium chrysotoxum
Denchrysan A [45] Fluorenone Whole plant | Chenetal.,
2008
Dendroflorin [22] Fluorenone whole plant | Chenetal.,
2008
2,7-Dihydroxy-8- Phenanthrene- Whole plant | Yanget al.,
methoxyphenanthro lactone 2004
[4,5,bcd]pyran-5-(5H)-one
[46]
(9R)-4-Methoxy-9H-fiuorene= 4 Fluorenol Whole plant | Yangetal.,
2,5,9-triol [47] 2004
1,4,5-Trihydroxy-7-methoxy* /| Fluorenone Whole plant | Chen et al.,
9H-fluoren-9-one [48] - 2008
Dendrobium crepidatm
Crepidatin [41] Bibenzyl = 7 Whole plant | Majumder and
Sy Chatterjee, 1986
Dendrobium crystaltinum
Apigenin [49] Flavone Stem Wang et al.,
2009
Crystallinin [50] Sesquiterpene Stem Wang et al.,
2009
Crystalltone [51] Phenanthrene- Stem Wang et al.,
lactone 2009
Dencryol A [52] Bisbibenzyl Stem Wang et al.,
2009
Dencryol B [53] Bisbibenzyl Stem Wang et al.,
2009
Dendronobilin B [54] Sesquiterpene Stem Wang et al.,

2009
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Plant and compound Category Plant part Reference

6'""-Glucosyl-vitexin [55] Flavone Stem Wang et al.,
glycoside 2009

3-Hydroxy-2-methoxy-5,6- Hydroxybenzoic | Stem Wang et al.,

dimethylbenzoic acid [56] acid 2009

Isoviolanthin [57] Flavone Stem Wang et al.,
glycoside 2009

Palmarumycin JC2 [58] Dioxane Stem Wang et al.,

2009

Syringic acid [59] Hydroxybenzoic-. | Stem Wang et al.,
acid 2009

Dendrobium cumulatum

Cumulatin [60] Bibenzyl Whole plant | Majumder and

Pal, 1993

Dendrobium densiflorum

Ayapin [61] Coumarin: = Stem Fan et al., 2001

Cypripedin [62] Phenanthrene- Stem Fan et al., 2001
guinone

Dengibsin [43] Fluorenone Stem Fan et al., 2001

Densiflorol A [63] Bibenzy! Stem Fan et al., 2001

Densiflorol B [64] Phenanthrene- Stem Fan et al., 2001
quinone

2,6-Dihydroxy-1,5,7- Phenanthrene Stem Fan et al., 2001

trimethoxyphenanthrene [65]

4,7-Dihydroxy-2-methoxy- Phenanthrene Stem Fan et al., 2001

9,10-dihydrophenanthrene [66]

Gigantol [14] Bibenzyl Stem Fan et al., 2001

Homoeriodictyol [67] Flavone Stem Fan et al., 2001




Table 1 (continued)

19

Plant and compound Category Plant part Reference
Moscatilin [8] Bibenzyl Stem Fan et al., 2001
Moscatin [17] Phenanthrene Stem Fan et al., 2001
Naringenin [24] Flavanone Stem Fan et al., 2001
Scoparone [68] Coumarin Stem Fan et al., 2001
Scopoletin [69] Coumarin Stem Fan et al., 2001
1,4,7-Trihydroxy-5-methoxy- | Fluorenone Stem Fan et al., 2001
9H-fluoren-9-one [70]

Tristin [71] Bibenzyl Stem Fan et al., 2001
Dendrobium falconeri
Dendrofalconerol A Bisbibenzyl Aerial part | Sritularak and
(Dendrocandin F) [32] Likhitwitaya-
wuid, 2009
Dendrofalconerol B [72] Bisbibeniyl" 7 Aerial part | Sritularak and
Sy Likhitwitaya-
wuid, 2009
Docosanoyl (E)-ferulate [73] Cinnamic.acid Aerlal part | Sritularak and
ester Likhitwitaya
Wuid, 2009
p-Hydroxybenzaldehyde{74] | Benzaldehyde Aerial part | Sritularak and
Likhitwitaya-
wuid, 2009
p-Hydroexybenzeicacidy| 75] Hydroxybenzeie~, pAerial part—, |Sritularak and
acid Likhitwitaya-
wuid, 2009
2-(p-Hydroxyphenyl) ethyl-p- | Phenylpropanoid | Aerial part | Sritularak and
coumarate [76] Likhitwitaya-
wuid, 2009
Tetracosyl (E)-p-coumarate Phenylpropanoid | Aerialpart Sritularak and

[77]

Likhitwitaya-
wuid, 2009
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Plant and compound Category Plant part Reference
Tetracosyl (Z)-p-coumarate Phenylpropanoid | Aerial part | Sritularak and
[78] Likhitwitaya-

wuid, 2009
Dendrobium fimbriatum
Defuscin [21] Phenylpropanoid | Whole plant | Talapatra et al.,
1992
Denfigenin [79] Steroid Whole plant | Talapatra et al.,
1992
Diosgenin [80] Steroid Whole plant | Talapatra et al.,
1992
Dendrobium fuscescens
Defuscin [21] Phenylpropanoid | Whole plant | Talapatra et al.,
1992
(-)-Shikimic acid [81] Aliphatic acid Whole plant | Talapatra et al.,
1992
Dendrobium gratiosissimun
Batatasin 111 [9] Bibenzyl Stein Zhang et al.,
2008a
Dengraol A [82] Bisbibenzyl Stem Zhang et al.,
2008a
Dengraol B [83] Bisbibenzyl Stem Zhang et al.,
2008a
3,4-Dihydroxy-5,4'+ Bibenzyl Stem Zhang et al.,
dimethoxybibenzyl [38] 2008a
3,4'-Dihydroxy-5- Bibenzyl Stem Zhang et al.,
methoxybibenzyl [6] 2008a
Gigantol [14] Bibenzyl Stem Zhang et al.,
2008a
Moscatilin [8] Bibenzyl Stem Zhang et al.,

2008a
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Plant and compound Category Plant part Reference
3,5,4'-Trihydroxybibenzyl [84] | Bibenzyl Stem Zhang et al.,
2008a
Tristin [71] Bibenzyl Stem Zhang et al.,
2008a
Dendrobium huoshanense
6-C-(a-Arabinopyranosyl)-8- . | Flavone Aerial part | Chang et al.,
C-[(2-O-a-rhamnopyranosyl)-- | glycoside 2010
S-galactopyranosyl]apigenin
[85]
6-C-(a-Arabinopyranosyl).8- | Flavone Aerial part | Chang et al.,
C-[(2-O-o-rhamnopyran@syl)- 4 glycoside 2010
B-glucopyranosyl]apigenin .
[86] L 4
Dimethyl malate [87] Aliphatié acid Aerial part | Chang et al.,
ester i 2010
Isopentyl butyrate [88] Aliphatic aéid, y Aerial part | Chang et al.,
ester » 2010
Isoschaftoside [89] Flavonoid Aerjal part | Chang et al.,
glycoside 2010
Malic acid [90] Aliphatic acid Aerial part | Chang et al.,
2010
Phenylacetamide [91] Benzene acetamide- | Aerjal part | Chang et al.,
2010
6-C-[(2-O40i= Flavone Aerial part™, |¢Chang et al.,
Rhamnopyranosyl)f3- glyceside 2010
glucopyranosyl]-8-C-(a-
arabinopyranosyl)apigenin
[92]
Salicylic acid [93] Hydroxybenzoic | Aerial part | Chang et al.,
acid 2010
6-C-(B-Xylopyranosyl)-8-C- Flavone Aerial part | Chang et al.,
[(2-O-a-rhamnopyranosyl)-p- | glycoside 2010

glucopyranosyl]apigenin [94]
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Plant and compound Category Plant part Reference
Dendrobium loddigesii
Batatasin 111 [9] Bibenzyl Stem Ito et al., 2010
Gigantol [14] Bibenzyl Stem Ito et al., 2010
Hircinol [96] Phenanthrene Stem Ito et al., 2010
5-Hydroxy-2,4- Phenanthrene Stem Ito et al., 2010
dimethoxyphenanthrene [97]
Loddigesiinol A [98] Phenanthrene Stem Ito et al., 2010
Loddigesiinol B [99] RPhenanthrene Stem Ito et al., 2010
Loddigesiinol C [100] Bibenzyl Stem Ito et al., 2010
Loddigesiinol D [101] Bibenzyl‘ _ Stem Ito et al., 2010
Lusianthridin [16] Phenanthr’,e;n_é- Stem Ito et al., 2010
(-)-Medioresinol [102] Lignan Stem Ito et al., 2010
Moscatilin [8] Bibenzyl o . Chen, Ko and
Teng, 1994; Ito
etal., 2010
Moscatin [17] Phenanthrene Stem Chen, et al.,
1994; lto et al.,
2010
(-)-Pinoresinol [103] Lignan Stem Ito et al., 2010
Rotundatin [104] Phenanthrene Stem Ito et al., 2010
Sitostenone [105] Steroid Stem Ito et al., 2010
[-Sitosterol[106] Steroid Stem Ito et al., 2010
Stigmasterol [107] Steroid Stem Ito et al., 2010
Dendrobium longicornu
Aloifol 1 [108] Bibenzyl Stem Hu et al., 2008a
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Plant and compound Category Plant part Reference
Batatasin [109] Bibenzyl Stem Hu et al., 2008a
Episyringaresinol [110] Lignan Stem Hu et al., 2008a
Episyringaresinol 4"-O-B-D- Lignan glycoside | Stem Hu et al., 2008a
glucopyranoside [111]

Erythro-1-(4-O-B-D- Lignan glyceside | Stem Hu et al., 2008a

glucopyranosyl-3-

methoxyphenyl)-2-[4-(3-

hydroxypropyl)2,6-

dimethoxyphenoxy]-1,3-

propanediol [112]

Eugenyl-O-B-D- Glycoside Stem Hu et al., 2008a

glucopyranoside [113] .

Gigantol [14] Bibenzyl Stem Hu et al., 2008

5-Hydroxy-7-methoxy-9,10- Phenanthrene- Stem Hu et al., 2008a

dihydrophenanthrene-1,4= quinone < /4.

dione [114] 1)

4-[2-(3-Hydroxyphenol)-1- Bibenzyl S/ Stem Hu et al., 2008a

methoxyethyl]-2,6-

dimethoxyphenol [115]

Longicornuol A [116] Bibenzyl Stem Hu et al., 2008a

3-(3-Methoxy,4- Phenylpropanoid | Stem Hu et al., 2008a

hydroxyphenyl)-1-propanol

[117]

4-Methoxy-9,10+ Rhenanthrene Stem Hu et al., 2008a

dihydrophenanthrene-2,5,7-

triol [118]

Methyl B-orsellinate [119] Phenolic Stem Hu et al., 2008a
compound

Moscatilin [8] Bibenzyl Stem Hu et al., 2008a

Naringenin [24] Flavanone Stem Hu et al., 2008a

9-B-D-Ribofuranosyl-9H- Purine nucleotide | Stem Hu et al., 2008a

purin-6-amine [120]
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Plant and compound Category Plant part Reference
(3S,4S,5R)-3,4,5-Trihydroxy- | Aliphatic acid Stem Hu et al., 2008a
1-cyclohexene carboxylic acid
(Shikimic acid) [81]

3,3, 4-Trihydroxybibenzyl Bibenzyl Stem Hu et al., 2008a
[121]
Tristin [71] Bibenzyl Stem Hu et al., 2008
Dendrobium moniliforme
Acanthoside B [122] Lignan glycoside.. | Stem Zhao et al.,
2003
Denbinobin [123] Phenanihraquinone Stem Linetal., 2001
Dendromoniliside A [124] Sesquitérpene Stem Zhao et al.,
glycoside -« 2003
Dendromoniliside B [125] Sesquiterb.ene Stem Zhao et al.,
glycoside . 2003
Dendromoniliside C [126] Sesquiterpéné’l"‘ Stem Zhao et al.,
glycosides /e, 2003
Dendromoniliside D {127} Sesguiterpene Stem Linetal., 2001
glycoside
Dendromoniliside E [128] Bibenzyl glycoside | Stem Zhao et al.,
2003
Dendroside A [129] Sesquiterpene Stem Zhao et al.,
glycoside 2003
Dendroside C [130] Sesquiterpene Stem Zhao et al.,
glycoside 2003
Dendroside F [131] Sesquiterpene Stem Zhao et al.,
glycoside 2003
Moniliformin [132] Phenanthraquinone | Stem Linetal., 2001
Vanilloloside [133] Phenolic glycoside | Stem Zhao et al.,

2003
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Plant and compound Category Plant part Reference
Dendrobium moscatum
Moscatilin [8] Bibenzyl Whole plant | Majumder and
Sen, 1987
Dendrobium nobile
Bulbophyllanthrin [134] Phenanthrene Stem Yang, Sung and
Kim, 2007
Chrysotobibenzyl [18] Bibenayl Stem Zhang et al.,
2007a
Chrysotoxin [19] Bibenzyl Stem Zhang et al.,
2007a
Coelonin [10] Phenanthrene Stem Yang et al.,
¢ 2007; Hwang
etal., 2010
Confusarin [135] Phenanthrene Stem Zhang et al.,
= 7 2008b
Crepidatin [41] Bibenzyl £/ 55 Stem Zhang et al.,
‘ 2007a
Denbinobin [123] Phenanthrene- Stem Yang et al.,
quinone 2007
Dendrobane A [136] Sesquiterpene Stem Ye and Zhao,
2002
Dendrobin A [137] Bibenzyl Stem Zhang et al.,
2007a
Dendrobine [138] Sesquiterpene Stem Wang, Zhao,
alkaloid and Che, 1985;
Ye and Zhao,
2002
Dendroflorin [22] Fluorenone Stem Zhang et al.,
2007a
Dendronobilin A [139] Sesquiterpene Stem Zhang et al.,

2007b
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Plant and compound Category Plant part Reference

Dendronobilin B [54] Sesquiterpene Stem Zhang et al.,
2007b

Dendronobilin C [140] Sesquiterpene Stem Zhang et al.,
2007b

Dendronobilin D [141] Sesquiterpene Stem Zhang et al.,
2007b

Dendronobilin E [142] Sesquiterpene Stem Zhang et al.,
2007b

Dendronobilin F [143] Sesquiterpene Stem Zhang et al.,
2007b

Dendronobilin G [144] Sesquiterpene Stem Zhang et al.,
. 2007b

Dendronobilin H [145] Sesquitefpene Stem Zhang et al.,
s o 2007b

Dendronobilin 1 [146] Sesquiterﬁéhel‘ Stem Zhang et al.,
Sty 2007b

Dendronobilin J [147] Sesquiterpeh“e" Stem Zhang et al.,
2007b

Dendronobilin K [148] Sesquiterpene Stem Zhang et al.,
2008c

Dendronobilin . [149] Sesquiterpene Stem Zhang et al.,
2008c

Dendrenobilin'™M [250] Sesquiterpene Stem Zhang et al.,
2008c

Dendronobilin N [151] Sesquiterpene Stem Zhang et al.,
2008c

Dendronobiloside A [152] Sesquiterpene Stem Zhao et al.,
glycoside 2001; Ye and

Zhao, 2002
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Plant and compound Category Plant part Reference
Dendronobiloside B [153] Sesquiterpene Stem Zhao et al.,
glycoside 2001; Ye and
Zhao, 2002
Dendronobiloside C [154] Sesquiterpene Stem Ye and Zhao,
glycoside 2002
Dendronobiloside D [155] Sesquiterpene Stem Ye and Zhao,
glycoside 2002
Dendronobiloside E [156] Sesquiterpene Stem Ye and Zhao,
glycoside 2002
Dendroside A [129] Sesquiterpene Stem Zhao et al.,
glycaside 2001; Ye and
s & Zhao, 2002
Dendroside B [157] Sesquite’fpene Stem Ye and Zhao,
glycoside_ 2002
Dendroside C [130] Sesquiterpene Stem Ye and Zhao,
glycoside /i 2002
Dendroside D [158] Sesquiterpén'e'f: Stem Ye etal., 2002
ghycosides o=
Dendroside E [159] Sesquiterpene Stem Ye et al., 2002
glycoside
Dendroside F [131] Sesquiterpene Stem Ye etal., 2002
glycoside
Dendroside G [160] Sesquiterpene Stem Ye and Zhao,
glycoside 2002
3,7-Dihydroxy-2,4- Phenanthrene Stem Zhang et al.,
dimethoxyphenanthrene [161] 2008b
4,5-Dihydroxy-2-methoxy- Phenanthrene Stem Yang et al.,
9,10-dihydrophenanthrene 2007
[162]
2,2'-Dihydroxy-3,3',4,4',7,7'- | Biphenanthrene Stem Yang et al.,
hexamethoxy-9,9',10,10'- 2007

tetrahydro-1,1'-biphenanthrene
[163]
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Plant and compound Category Plant part Reference
4,5-Dihydroxy-3,3'- Bibenzyl Stem Ye and Zhao,
dimethoxybibenzyl [164] 2002
2,8-Dihydroxy-3,4,7- Phenanthrene Stem Yang et al.,
trimethoxy-9,10- 2007
dihydrophenanthrene [165]
2,8-Dihydroxy-3,4,7- Phenanthrene Stem Yang et al.,
trimethoxyphenanthrene [166] 2007
2,5-Dihydroxy-3,4- Phenanthrene Stem Yang et al.,
dimethoxyphenanthrene [167} 2007
4,5-Dihydroxy-3,7- Phenanthrene Stem Ye and Zhao,
dimethoxydihydrophenan- 2002
threne [168] :
2,5-Dihydroxy-4,9- Phehanthrene Stem Zhang et al.,
dimethoxyphenanthrene [169] s 4 2008b
3,4’-Dihydroxy-5,5'- Bibenzyl Stem Hwang et al.,
dimethoxydihydrostilbene =3 2010
[170] Yy
7,12-Dihydroxy-5- Sesquiterpene Siem Shu et al., 2004

hydroxymethyl-11-isepropyl-
6-methyl-9-
oxatricyclo[6.2.1.0%°]undecan
10-one-15-0-B-D-
glucopyranoside [171]

5,7-Dimethaxyphenanthrene-
2,6-diol'[172]

Ephemeranthol A [173]

Ephemeranthol C [174]

Erianthridin [175]

glycoside

Phenanthrene

Phenanthrene

Phenanthrene

Phenanthrene

Stem

Stem

Stem

Stem

Hwang et al.,
2010

Yang et al.,
2007; Hwang
etal., 2010

Hwang et al.,
2010

Yang et al.,
2007; Hwang
etal., 2010
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Plant and compound Category Plant part Reference
Fimbriatone [176] Phenanthrene Stem Zhang et al.,
2008b
Fimbriol B [177] Phenanthrene Stem Yang et al.,
2007; Hwang
etal., 2010
Flavanthridin [178] Phenanthrene Stem Hwang et al.,
2010
Flavanthrinin [179] Phenanthrene Stem Zhang et al.,
2008b
Gigantol [14] Bibenzyl Stem Zhang et al.,
2007
Hircinol [96] Phenanthrene Stem Hwang et al.,
{ 2010
3-Hydroxy-2,4,7-trimethoxy- ~| Phenanthrene Stem Yang et al.,
9,10-dihydrophenanthreng ' 2007
[180]
3-Hydroxy-2,4,7- Phenanthrene. Stem Yang et al.,
trimethoxyphenanthrene [181] S 2007
3-Hydroxy-2-oxodendrobine Sesquiterpene Stem Wang, Zhao,
[182] alkaloid and Che, 1985
4-Hydroxy-3,3',5- Bibenzyl Stem Ye and Zhao,
trimethoxybibenzyl [183] 2002
2-Hydroxy-3,4,7:trimethoxy- | Phenanthrene Stem Yang et al.,
9,10-dihydrophenanthrene 2007
[184]
2-Hydroxy-4,7-dimethoxy- Phenanthrene Stem Yang et al.,
9,10-dihydrophenanthrene 2007
[185]
Lirioresinol A [186] Lignan Stem Zhang et al.,
2008b
Lusianthridin [16] Phenanthrene Stem Yang et al.,
2007; Hwang

et al., 2010
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Plant and compound Category Plant part Reference
Medioresinol [187] Lignan Stem Zhang et al.,
2008(b)
Moscatilin [8] Bibenzyl Stem Yang et al.,
2007; Hwang
etal., 2010
Nobilin A [188] Bibenzyl Stem Zhang et al.,
2006
Nobilin B [189] Bibenzy! Stem Zhang et al.,
2006
Nobilin C [190] Bibenayl Stem Zhang et al.,
2006
Nobilin D [191] Bibenzyl " Stem Zhang et al.,
i 2007
Nobilin E [192] Bisbibenzyl . Stem Zhang et al.,
2007
Nobilone [193] Fluorenone ./ Stem Zhang et al.,
2007
Nudol [194] Phenanthrehe Stem Yang et al.,
2007
Pinoresinol [195] Lignan Stem Zhang et al.,
2008(b)
Plicatol A [196] Phenanthrene Stem Yang et al.,
2007
Protocatechuic.acig-{197] Benzoic@aeid Stem Ye and Zhao,
derivatives 2002
2,3,5-Trihydroxy-4,9- Phenanthrene Stem Yang et al.,
dimethoxyphenanthrene [198] 2007
10B,12,14- Sesquiterpene Stem Ye and Zhao,
Trihydroxyalloaromadendrane 2002
[199]
3,4,8- Phenanthrene Stem Hwang et al.,
Trimethoxyphenanthrene-2,5- 2010

diol [200]
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Plant and compound Category Plant part Reference
Syringaresinol [201] Lignan Stem Zhang et al.,
2008(b)
Dendrobium ochreatum
Dendrosteroside [202] Steroid glycoside | Whole plant | Behr and
Leander, 1976
Epi-ochreasteroside [203] Steroid glyeoside | Whole plant | Behr and
Leander, 1976
Ochreasteroside [204] Steroid glycoside | Whole plant | Behr and
Leander, 1976
Dendrobium plicatile
Batatasin [109] Bibenzyl Stem Yamaki and
Honda, 1996
2,2'-Dimethoxy-4,4'-7 1'- Biphenanthre_ne Stem Yamaki and
tetrahydroxy-9,9’,10,10’- - Honda, 1996
tetrahydro-1,1'-biphenanthrene
[205]
Ephemeranthoquinone [206] Phenanthrene-" Stem Yamaki and
quinone Honda, 1996
Epheranthol B [207] Phenanthrene Stem Yamaki and
Honda, 1996
Erianthridin [175] Phenanthrene Stem Yamaki and
Honda, 1996
Lusianthridin [16] Rhenanthrene Stem Yamaki and
Honda, 1996
3-O-Methylgigantol [39] Bibenzyl Stem Yamaki and
Honda, 1996
Plicatol A [196] Phenanthrene Stem Yamaki and
Honda, 1996
Plicatol B [208] Phenanthrene Stem Yamaki and

Honda, 1996
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Plant and compound Category Plant part Reference
Plicatol C [209] Phenanthrene Stem Yamaki and
Honda, 1996
Dendrobium rotundatum
Batatasin 111 [9] Bibenzyl Whole plant | Majumder and
Pal, 1992
2,7-Dihydroxy-3,4,6- Phenanthrene Whole plant | Majumder and
trimethoxy-9,10- Pal, 1992
dihydrophenanthrene [210]
2,7-Dihydroxy-3,4,6- Phenanthrene Whole plant | Majumder and
trimethoxyphenanthrene211j Pal, 1992
Moscatin [17] Phenanthrene Whole plant | Majumder and
‘ Pal, 1992
Nudol [194] Phenanthrene Whole plant | Majumder and
Pal, 1992
Rotundatin [103] Phenanthrene Whole plant | Majumder and
Pal, 1992
Dendrobium thyrsiflorum
Chrysophanol [212] Anthraguinene Stem Zhang et al.,
s 2005
Daucosterol [213] Steroid glycoside | Stem Zhang et al.,
2005
Denthyrsin [214] Bicoumarin Stem Zhang et al.,
2005
Denthyrsinin [215] Phenanthrene Stem Zhang et al.,
2005
Denthyrsinol[216] Biphenanthrene Stem Zhang et al.,
2005
Physcion [219] Anthraquinone Stem Zhang et al.,
2005
Scoparone [67] Coumarin Stem Zhang et al.,
2005
[-Sitosterol [106] Steroid Stem Zhang et al.,

2005
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Table 1 (continued)

Plant and compound Category Plant part Reference

Dendrobium trigonopus

Gigantol [14] Bibenzyl Stem Hu et al., 2008b
Hircinol [96] Phenanthrene Stem Hu et al., 2008b
3-(4-Hydroxy-3- Phenylpropanoid Stem Hu et al., 2008b

methoxyphenyl)-2-propen-1-ol
[220]

2

Moscatin [17] ath Hu et al., 2008b

Naringenin [24] Hu et al., 2008b

(-)-Syringaresinol [22 Hu et al., 2008b
Trigonopol A [222] Hu et al., 2008b
Trigonopol B [223] Hu et al., 2008b

Tristin [71] Hu et al., 2008b
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[4] Amoenylin
[6] 3,4’-Dihydroxy-5-metho
[7] Isoamoenylin '
[8] Moscatilin
[9] Batatasin 111

[14] Gigantol
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[5] Amotin [10] Coelonin o [11] Dibutyl phthalate
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T

OMe

[12] Diisobutyl phthalate [13] Flavanthrin

Figure 2 Structure of compounds previously isolated from Dendrobium spp.
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[15] p-Hydroxyphenylpropionic methyl ester [16] Lusianthridin

OMe
o g
oM

i i MeO I
[17] Moscatin §

” OMe
ﬂ] Chrysotobibenzyl R = OMe

Chrysotoxin R=0H

O(CHy),7CH3

(0]

[26] Taraxerol [27] Dendrocandin A

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)
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OMe
HO OMe OH
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MeO O O
0 HO
OH OMe OH

[28] Dendrocandin B [29] Dendrocandin C R = OMe

[30] Dendrocandin D R = OEt

MeO ‘ | A\ :
’ “ ‘-',' 1 AN ‘ : Q O OH
HO . e
‘ B | OMe
[31] Dendrocandin E 2] Dendrocandin F R = OMe

3] Dendrocandin G R = OH
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[34] Dendrocandin H [35] Dendrocandln |

a‘maﬁmm umnmaﬂ

MeO

HO

OMe

[36] Dendrophenol

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)



[39] 3-O-Methylgigantol
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[41] Crepidatin —
[44] 4,4'-Dihydroxy-3 4
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OMe
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OMe

OH
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OH
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OH

[47] (9R) -4-Methoxy-9H-
fluorene-2,5,9-triol

[43] Dengibsin OMe OH H
[45] Denchrysan A OH OMe OH

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)
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[48] 1,4,5-Trihydroxy-7-methoxy-9H-fluoren-9-one [49] Apigenin

[55] 6'""-Glucosyl-vitexin

[52] Dencryol A
[53] Dencryol B .H OMe O

Auaneninens_ .

Glc
MeO oH & .

TR FAINGRE

[56] 3-Hydroxy-2-methoxy-5,6-dimethylbenzoic acid [57] Isoviolanthin

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)
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OMe
OH OMe
MeO OMe
HO
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MeO
HO 6] OMe

[58] Palmarumycin JC2 [59] Syringic acid [60] Cumulatin

OH

| OM

- [63] Densiflorol A

[0) (0] o
> e
L

[61] Ayapin

[65] 2,6-Dihydro e VAR 56] 4,7-Dihydroxy-2-methoxy-
-trimethoxyphenanthrene - 910-gihydrophenanthrene

v f—

[67] Horﬂoerlodlctyol [68] Scoparone R =OMe [70] 1,4,7-Trihydroxy-5-
methoxy-9H-fluoren-9-one
[69] Scopoletin R = OH

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)
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[71] Tristin [72] Dendrofalconerol B
0
Meowo H
HO -
[73] Docosanoyl (E)- ' /P ‘ ‘ » p-Hydroxybenzaldehyde

e
[y }

O(CH,)23CH3

HO m
[77] TetracosyFﬁEﬁ-jﬂﬁa?I EJ ﬂ %’w Ejrﬁ ﬁrﬁosyl (2)-p-coumarate
N - ¢ o o/

[79] Denfigenin R; =R, =0OH [81] (-)-Shikimic acid

HO

[80] Diosgenin  R; =R, =H

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)
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MeO l (0] I
O OH
Rz
2

[82] Dengraol A R; =0

o
2

;84] 3,5,4'-Trihydroxybibenzyl
[83] Dengraol B R; = OMe

[85] 6-C-(a-Arabinopyran 86] 6-C-(a-Arabinopyranosyl)-
[(2-O-a- rhamnopyranosyl) 8-C-[(2-O-a-rhamnopyranosyl)-
[-galactopyranosyl]z g fhb Lt B-glucopyranosyl]apigenin

M : X N
MeO OMe ‘-“ (0] ‘ ‘ HO oH
L fubangmIngny -
[87] Dimethyl ra‘lllate [88] Isopentyl butyﬂe [90] I\@ic acid

ARAINIUNAINGIAE

NH,
(T

[89] Isoschaftoside [91] Phenylacetamide

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)
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[92] 6-C-[(2-O-a-Rhamnopyranosyl)- [93] Salicylic acid
B-glucopyranosyl]-8-C-
(a-arabinopyranosyl)apigenin

OH MeO

@.0

[94] 6-C-(B-Xylopyr ’ R=0H
8-C-[(2-O-a-rhamnop [ — ﬂ‘-\. xy—24
B-glucopyranosyl]apigeni v ; \ ’ho \\a enanthrene R = OMe

OMe MeO

HO

'E'
[98] Loddigesiinol A

MeO

HO

[100] Loddigesiinol C [101] Loddigesiinol D
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Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)
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OMe OMe

[104] Rotundatin

HO

[106] B-Sitosterol

OMe
OH

OMe

[108] Aloifol |  OH OMe H [110] Episyringaresinol
[109] Batatasin H H OH

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)
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OMe

O-Glc-D-B

OMe

[111] Episyringaresinol 4" [112] Erythro-1-(4-O-B-D-

-O-B-D-glucopyranoside glucopyranosyl-3-methoxyphenyl)
-2-[4-(3-hydroxypropyl)2,6-
dimethoxyphenoxy]-1,3-propanediol

MeO
) |
GlcO Y

[113] Eugenyl-O-p-D-glugopyranaside | [114] 5-Hydroxy-7-methoxy-9,10-
~ dihydrophenanthrene-1,4-dione

¥

i

OH

[115] 4-[2-(3-Hydroxyphenal)-1- [116] Longicornuol A
methoxyethyl]-2,6-dimethoxyphencl

OH'MeO
HO OH
OH
HO OH
) )
OH (0]

[117] 3-(3-Methoxy,4- [118] 4-Methoxy-9,10- [119] Methyl B-orsellinate
hydroxyphenyl)-1-propanol dihydrophenanthrene-2,5,7-triol

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)
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[120] 9-B-D-Ribofuranosyl-9H-purin-6-amine [121] 3,3',4-Trihydroxybibenzyl

[125] Dendromoniliside B . [126] Dendromoniliside C  [127] Dendromoniliside D

UEINENINEINT

f
e AR

GlcO

OMe

[128] Dendromoniliside E [129] Dendroside A [130] Dendroside C

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)
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OH

OMe
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[131] Dendroside F [132] Moniliformin [133] Vanilloloside

W
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~ AP UL IN

[140] Dendrono%'ilin C [141] Bendronobilip.D [142] Bendronobilin E
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[143] Dendronobilin F [144] Dendronobilin G [145] Dendronobilin H

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)



47

OH

[152] Dendronﬁllomde ﬂ& LV] E]Dendroidbllosnde B  [154] Dendronobiloside C

NINeIN3

[155] Dendronobiloside D [156] Dendronobiloside E ~ [157] Dendroside B

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)
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[159] Dendroside E [160] Dendroside G

62] 4,5-Dihydroxy-2-methoxy
dihydrophenanthrene

[161] 3,7-Dihydroxy-V
dimethoxyphenanthre /

8,8t [LOAYA5-Dihydroxy-3.3-
( ethoxybibenzyl

[165] 2,8-Dihydroxy-3,4,7-trimethoxy- [166] 2,8-Dihydroxy-3,4,7-
9,10-dihydrophenanthrene trimethoxyphenanthrene

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)



[167] 2,5-Dihydroxy-3,4-dimethoxyphenanthrene R; = OMe R, =H

[169] 2,5-Dihydroxy-4,9-dimethoxyphenanthrene R; = H R, = OMe

[170] 3,4’-Dihydroxy-5,
dimethoxydihydrostil

-~: ethyl-9-oxatricyclo

it
QW’TMT’]?E}JN ’TQY]EJ ﬂi! R,

[168] 4, 5 -Dihydroxy-3,7- OMe H Me H
dimethoxydihydrophenanthrene

[173] Ephemeranthol A OMe OMe OH H H OH
[174] Ephemeranthol C H H OH OMe OH OH
[175] Erianthridin OH H H OMe OMe OH
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Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)
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HO

OMe

[176] Fimbriatone [182] 3-Hydroxy-2- [183] 4-Hydroxy-3,3’,5-
oxodendrobine trimethoxybibenzyl

R, R R4
OH OH OH

[177] Fimbriol B
[179] Flavanthrinin

[181] 3-Hydroxy-2,4,7 H OH OMe

ﬂuﬂfmwwmm‘ R

[178] Flavanthridin OMe OH
Y DN IOF W "m mmi
[184] 2-Hydroxy-3,4,7-trimethoxy-9,10- OMe OH

dihydrophenanthrene
[185] 2-Hydroxy-4,7-dimethoxy-9,10- H H OMe OH OMe
dihydrophenanthrene

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)
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[197] Protocatechuic acid [198] 2,3,5-Trihydroxy-4,9- dimethoxyphenanthrene

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)
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[199] 10B,12,14-Trihydroxy- [200] 3,4,8-Trimethoxyphenanthrene-2,5-diol
Alloaromadendrane

MeO

HO

MeO
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NS
12021 D

H{. teroside

,,,,,,,

Ho

glucopyranosyl-B-O

[203] Epi-ochreastero%e

UL INYNTNYINT

ch@steroside

[205] 2,2'-Dimethoxy-4,4'-7,7'-tetrahydroxy- [206] Ephemeranthoquinone
9,9',10,10’-tetrahydro-1,1'-biphenanthrene

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)
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OH MeO

OH MeO
i i | I 0.0 OH
HO
[207] Epheranthol B [208] Plicatol B [209] Plicatol C
MeQ, MeQ, OMe MeOQ, MeO, OMe

O Q-

[210] 2,7-Dihydroxy-3,4,6- | 4 1] 2,7-Dihydroxy-3,4,6-
trimethoxy-9,10-dihyd|{ » thoxyphenanthrene

[212] Chrysophanol

[216] Denthyrsinol [217] Denthyrsinone

Figure 2 Structure of compounds previously isolated from Dendrobium spp. (continued)
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2. Traditional uses and biological activities of Dendrobium constituents

Plants of the genus Dendrobium were used in traditional medicine in many
countries. In China, the stems of Dendrobium spp. were used as tea, for treating fever,
sunstroke, thirst and weakness, due to their cooling effect. Dendrobium nobile was
prescribed for stomach pain and fever. In Korea, China and Japan, D. moniliforme
was used in the treatment of peptic ulcer, impotence, joints pain and used as nutrient
for patients. In Indo-China, D. crumenatum was used for ulcers and pain, the pounded
leaves were covered burn wounds and pimples,.the warm juice of pseudobulbs were
used as ear drop to relieve earpain. In Malay-Peninsula, D. blumei and D. subulatum
were used as poultice for.skin eruptions and headache, respectively. In the treatment
of abcites, D. pumilum.erD. guadrangulare were used. (Perry and Metzger, 1980).

In Thailand, annfusion.or tea fré;m the aerial parts of D. draconis is remedial
for fever, and as a blood.enhancer (Chuakyﬁl'. etal., 1995).

Regarding the biglogical activitiés of compounds from Dendrobium plants,
moscatilin, crepidatin, gigantol, chrysotoxir_},, nobilin Eand dendroflorin showed free
radical scavenging activity (Zhang etal., 2Q,O]). Antiplatelet aggregration activity was
observed for moscatilin, giganiol, scoparone and scopoletin (Fan et al., 2001).
Dendroflorin, 1,4,5-trihydroxy-7_-methoxy-Q'Héflu,oren-9-one and denchrysan A had
cytotoxic activity agatnst hepatoma cells (Chen et al., 2008). Denbinobin was found
to be an anti-inflammatory agent (Lin et al., 2001). Dendrobine and dendromine
demonstrated neuropretective effect (Wang et al., 2010)-



CHAPTER 11

EXPERIMENTAL

1. Source of plant materials

Dendrobium draconis samples were purchased from Jatujak market, Bangkok,
in September 2009. Authentication was performed by comparison with a herbarium
specimen (BKF No. 122029) atthe National Park, Wildlife and Plant Conservation
Department, Ministry of Natural Resources‘and Environment. A voucher specimen
(BS-092552) has been deposited at ~Department of Pharmacognosy and
Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Chulalongkorn

University, Bangkok, Thailand.

2. General techniques

2.1 Analyticalthinslayer chromatography (TLC)

Technique ] One dimensi‘o_n, aseending

Absorbent : Silica gel 60 F254 (E. Merck) precoated plate

Layer thickness ; 0.2:-mm

Distance : 6.5 cm i .

Temperature 1 Laboratory temherféture (30435°C)

Detection { 1. Ultraviolet light at wavelengths of 254 and 365 nm.

2. Anisaldehyde and heating at 105°C for 10 min.

2.2 Column chromatography
2.2.1 Vacuum liquid column chromatography

Adsorbent ] Silica gel 60:(No.7734) particle siz€'0.063-0.200 mm
(E. Merck)

Packing method : Dry packing

Sample loading : The sample was dissolved in a small amount of organic

solvent, mixed with a small quantity of adsorbent,
triturated, dried and then placed gently on top of the
column.

Detection : Fractions were examined by TLC under UV light at the

wavelengths of 254 and 365 nm.
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2.2.2 Flash column chromatography

Adsorbent : Silica gel 60 (N0.9385) particle size 0.040-0.063 mm
(E. Merck)

Packing method : Wet packing

Sample loading : The sample was dissolved in a small amount eluent

and then applied gently on top of the column.

Detection : Fractions were examined in the same way as described

in section 2.2.1
2.2.3 Gel filtration chromatocgraphy

Adsorbent : Sephadex | H 20-(Pharmacia)

Packing method - Gel filter was suspended in the eluent and left standing
0 swell far 24 hours prior to use. It was then poured
into the cofumn and allowed to set tightly.

Sample loading , The sample was dissolved in a small amount eluent

and then applied gently on top of the column.

2.3 Spectroscopy

2.3.1 Mass spectra

Mass spectra were recorded .(j_n_;a Micromass LCT mass spectrometer
(ESI-TOF-MS). (Nattonal Center for Genetic Engineering and Biotechnology).

2.3.2 Infrared (IR) spectra
IR spectra were obtained on @-Perkin-Elmer FT-IR 1760X
spectrophotometer [«(Scientific. and' Technological Researeh Equipment Center,

Chulalongkorn University).

2.3.3 Ultraviolet (UV) absorption spectra
UV (in methanol) spectra were obtained on a Shimadzu UV-160A
UV/vis spectrophotometer (Pharmaceutical Research Instrument Center, Faculty of

Pharmaceutical Sciences, Chulalongkorn University).

2.3.4 Proton and carbon-13 nuclear magnetic resonance (*H and
3C-NMR) spectra
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'H NMR (300 MHz) and *C NMR (75 MHz) spectra were obtained on
a Bruker Avance DPX-300 FT-NMR spectrometer (Faculty of Pharmaceutical
Sciences, Chulalongkorn University).

'H NMR (500 MHz) and **C NMR (125 MHz) spectra were obtained
on a JEOL JMN-A 500 NMR spectrometer (Scientific and Technological Research
Equipment Center, Chulalongkorn University).

Solvents for NMR spectra were deuterated chloroform (chloroform-d)
and deuterated acetone (acetone-ds)..Chemical shifts were reported in ppm scale using

the chemical shift of the solvent as the reference.signal.

2.4 Solvents
All organic solvents employed throughout this work were of commercial grade

and were redistilled prierto use;

3. Extraction and isolatign

3.1 Extraction v

Dried powdered stems of D: draconis (1.8 kg) were extracted with MeOH (3 x
10 L) at room temperature to ‘give-a viscous mass of dried extract (112.29 g) after

evaporation of the solvent.

3.2 Separation-of MeOH extract

The MeOH extract (112.29 g) was separated- by vacuum liquid column
chromatography_using a’sifitered glass filter'column of silica gel (No.7734, 250 g).
The MeOH extract.was_dissolved in a small amount of MeOH, triturated with silica
gel (No.7734) and dried under vacuum. Elution was performed in a polarity gradient
mannerwith: mixtures, of n-hexane and EtOAc (10:0 to 0:10)and CH,Cl,-MeOH
(10:0 t0"0:10) respectively. The eluates were collected 250 ml per fraction and
examined by TLC (silica gel, EtOAc- n-hexane 6:4) to yield 30 fractions. Fractions
(30 fractions) with similar chromatographic pattern were combined to yield 10
fractions: A (124.6 mg), B (4.55 g), C (3.059), D (5.51 g), E(1.44g),F (2.14g), G
(526.3 mg), H (11.7 g), 1 (17.23 g), and J (54.17 g).
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3.2.1 Isolation of compound DD1 (hircinol)

Fraction F (2.14 g) was fractionated on a silica gel (No. 9385) column.
Elution was performed in a polarity gradient manner with mixtures of n-hexane-
EtOAc (10:0 to 0:10) and CH,Cl,-MeOH (10:0 to 0:10) respectively. Fractions (29
fractions) showing similar chromatographic patterns were combined (TLC, silica gel,
EtOAc-n-hexane 1:1) to yield 7 fractions: F1 (1.17 g), F2 (624.5 mg), F3 (141.3 mg),
F4 (61.9 mg), F5 (58.5 mg), F6 (58.1 mg), F7 (23.1 mg).

Fraction F1 (1.17 g) was repeatedly fractionated by column chromatography
(silica gel, gradient mixtures of n-hexane-Et@Ae 10:0 to 0:10) to yield 19 fractions.
Fractions with similar chrematographic patterns*were combined (TLC, silica gel,
EtOAc-n-hexane 3:7) to.give 6 fractions: F1A (123.1 mg), F1B (305.8 mg), F1C
(112.3 mg), F1D (105.8.mQ),F1E (113 mg), and FL1F (348.7 mg).

Fraction F1E (343 mg) was further purified on a Sephadex LH20 column
(acetone) to give compeund DD1 as a:\}ilhite powder (2.5 mg, R; 0.2, silica gel,
EtOAc-n-hexane 3:7). It was identified as hircinol [96].

3.2.2 Isolation of'compound DD2 (gigantol)

Fraction F2 (624.5 mg) 'was furthef' separated on a Sephadex LH20 column
(acetone). Eighteen fractions were combined aceording to their TLC patterns (silica
gel, EtOAc-n-hexane 1:1) to vield 7 fractions: F2A (158-mg), F2B (20.1 mg), F2C
(414.1 mg), F2D (18:7.mg), F2E (101.1 mg), F2F (20.1 mg), and F2G (21.1 mg).

Fraction F2C.(414.1 mg) was repeatedly fractionated on column
chromatography. (silica gel;»gradient mixtures of n-hexane-EtOAc 10:0 to 0:10) to
give compound DD2 (as acbrown_amorphous solid (115.2 mg, Rf 0.42, silica gel,
EtOAc-n-hexane 1:1). It was identified as gigantol.[14].

3.2.3 Isolation of compound DD3 (batatasin I11)

Fraction F2E (101.1 mg) was subjected to column chromatography (silica gel,
gradient mixtures of CH,Cl,-MeOH 10:0 to 0:10) to give compound DD2 as a
colourless amorphous solid (115.2 mg, R¢0.4, silica gel, EtOAc-n-hexane 1:1). It was
identified as batatasin 111 [9].
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3.2.4 Isolation of compound DD4 (5-methoxy-7-hydroxy-9,10-dihydro-1,4-

phenanthrenequinone)

Fraction G (526.3 mg) was fractionated on a silica gel (No. 9385) column.
Elution was performed in a polarity gradient manner with mixtures of n-hexane-
EtOAc (10:0 to 0:10). Fractions (18 fractions) showing similar chromatographic
patterns were combined (TLC, silica gel, EtOAc-n-hexane 1:1) to yield 10 fractions:
G1 (14.8 mg), G2 (10.4 mg), G3 (15.2 mg), G4 (29.9 mg), G5 (42.2 mg), G6 ( 58.1
mg), G7 (157.0 mg), G8 (22.9 mg), G9 (49.3 mg), and G10 (38.6 mg).

Fraction G7 (157.0 mg) was further.purified on a Sephadex LH20 column
(acetone) to vyield, after chromatographic examination (TLC, silica gel, EtOAc-n-
hexane 4:6), 6 fractions.. G#A (5.2.mg), G7B (10.8.mg), G7C (12.5 mg), G7D (14.9
mg), G7E (83 mg), and.G7F (16.9 mg).

Fraction G7E (88 mg) ~was fractionated by column chromatography (silica
gel, gradient mixtures® of n-hexane-jéfOAc 10:0 to 0:10) to vyield, after
chromatographic examination (TEC, silica“gel, EtOAc-n-hexane 1:1), 6 fractions:
G7E1 (1.3 mg), G7TE2°(1.3 m@), G/E3 (1.6 mg), G7E4 (4.3 mg), G7E5 (68.5 mg),
G7E6 (3.2 mg). ¥R

Fraction G7E5 (68.5 mg)-was repeatédly-‘ fractionated on a flash column (silica
gel, gradient mixtures of n-hexane-EtOA¢ 10:0 to 0:10) to give compound DD4 as a
reddish powder (3 mg, R¢0.36, silica gel, EtOAc-n-hexane 1:1). It was identified as a
new compound named 5-methoxy-7-hydroxy-9,10-dihydro-1,4-phenanthrenequinone
[224].

3.2.5 Isolatien of cempound DD5¢(4-methoxy-9,10-dihydrophenanthrene-
2,5,7-triol)

Fraction | H' (117 @) was fractionated ' by~ vacuum ~liquid column
chromatography on silica gel (No. 9385). Elution was performed in a polarity
gradient manner with mixtures of n-hexane-EtOAc (10:0 to 0:10) and CH,Cl,-MeOH
(10:0 to 0:10), respectively. Fractions (41 fractions) showing similar chromatographic
patterns were combined (TLC, silica gel, MeOH-CH,Cl, 1:9) to yield 10 fractions: H1
(57.2 mg), H2 (153.3 mg), H3 (86.6 mg), H4 (99.9 mg), H5 (1.23 g), H6 ( 1.36 g), H7
(2.21 g), H8 (1.65 g), H9 (2.81 g), and H10 (1.98 g).
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Fraction H7 (2.21 g) was separated by flash column chromatography (silica
gel, gradient mixture of hexane-EtOAc (10:0 to 0:10) and CH,CIl,-MeOH (10:0 to
0:10), respectively. Thirty eight fractions with similar chromatographic patterns
(TLC, silica gel, EtOAc-n-hexane 1:1) were combined to yield 11 fractions: H7A
(35.8 mg), H7B (76.3 mg), H7C (80.2 mg), H7D (282.8 mg), H7E (105.0 mg), H7F
(414.8 mg), H7G (85.3 mg), H7H (70.1 mg), H7I1 (168.2 mg), H7J (221.3 mg), and
H7K (90.8 mg).

Fraction H7E (105 mg) was repeatedly fractionated on a flash column (silica
gel, gradient mixtures of n-hexane-EtOAc 10:0 te 0:10) to yield 6 fractions after TLC
examination (silica gel, EtOAc-n-hexane 1:1):-H7E1 (11.2 mg), H7E2 (9.8 mg),
H7E3 (7.9 mg), H7E4 (10.3mq), H7E5 (52.3 mg), and H7E6 ( 12.8 mg).

Purification of fraction'H7ES5 (52.3 mg) on a flash column (silica gel, gradient
mixtures of CH,Cl,-MeOH 10.0 to 0:10) gave compound DD5 as a red amorphous
powder (22 mg, Rs 0.30, silica gel, EtQAc-n-hexane 1:1). It was identified as 4-
methoxy-9,10-dihydrophenanthrene-2,5,7-triol [118].

3.2.6 Isolation of'Compound DD6 (tristin)

Fraction H8 (1.65 g) was fractionate‘d_s‘on a silica gel (No. 9385) column.
Elution was performed in a polarity gradient manner with mixtures of CH,Cl,-MeOH
(10:0 to 0:10). Fraetions (19 fractions) showing similar. chromatographic patterns
were combined (TLE, silica gel, MeOH-CH,Cl; 0.5:9.5)"t0 yield 6 fractions: H8A
(46.8 mg), H8B (131.5.mg), H8C (125.5 mg), H8D (50%:2 mg), H8E (152.9 mg), and
H8F (291.8 mg).

Fraction H8A (46.8mg) was repeatedly fractionated on a flash column (silica
gel, gradient mixtures of CH,Cl,-MeOH 10:0 t0.0:10) to yield 64fractions after TLC
examination (silicaigel, MeOH-CH,Cl, 0,5:9.5): H8AL1 (1.2 mg), H8A2 (1.7 mg),
HB8AS3 (2:5 mg), H8A4 (2.1 mg), H8AS5 (30.0 mg), H8A6 ( 6.8 mg).

Fraction H8A5 (30 mg) was further purified on a Sephadex LH20 column
(acetone) to yield 10 fractions. Fraction showing similar chromatographic patterns
were combined (TLC, silica gel, MeOH-CH,CI; 1:9) to give 8 fractions: HBA5A (1.8
mg), H8A5B (1.2 mg), HBA5C (1.7 mg), H8A5D (1.8 mg), H8A5E (13.8 mpg),
HB8ASF (4.2 mg), HBA5G (2.0 mg), and H8AS5H (2.5 mg).
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Fraction H8ASE (13.8 mg) was further fractionated on a flash column (silica
gel, gradient mixtures of CH,Cl,-Acetone 10:0 to 0:10) to give compound DD6 as a

brown gum (5 mg, Rs 0.28, silica gel, Acetone -CH,Cl, 1:9). It was identified as
tristin [71].

AUEINENTNYINS
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Dried aerial part (1.8 kg)
Macerated with methanol

MeOH extract (112.299)

VLC (silica gel; n-hexane-EtOAc and
CH,CI,-MeOH, gradient)

Fr. A-E k/é Fr. G-J
J
—
gel; n-hexane-EtOAc and
.l MeC
| \‘;\‘f% f. gradient) |
Fr.F1 T \}\ Fr. F3-F7
179 ”~ rJ 6245mg
FCC (siligé gel: 1 3 A \\ W
‘ EtOAc,@radien A' _ \\ ephadex LH20; acetone)
| | 8 o] | |
Fr. FIA-D Fr. F1E Fr. F1F % 2A-B Er, F2C Fr.F2D Fr. F2E Fr. F2F-G
113 mg iy 101.1 mg

/ FCC (silica gel; CH,Cl,
acetone) - L -MeOH, gradient)
| | | & | |

Fr. FIE1-6 DD1 Fr. F1ES8 F@FZEl 2 DD3 Fr. F2E4-5
2.5 mg 48 mg

ﬂ‘IJEI’J‘VlEJ‘VﬁWEHﬂ‘i. —

EtOAc gradlent)

AN AN IAY

115.2 mg

Scheme 1 Separation of fraction F of MeOH extract
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Fr.H
11.7¢

VLC (silica gel; n-hexane-EtOAc and
CH,CI,-MeOH, gradient)

Fr. H1-6 Fr. H7 Fr. H8 Fr. H9-10
2219 1.65¢
FCC (silica gel; n-hexane-
EtOAc and CH,Cl,-MeOH,
gradient)

Fr. H7A-D Fr. H/E Fr. H7F-K
105.mg
FCC«(Silica gel; n-hexane-
‘ EtOAC,gradient)

Fr. H7E1-4 Fr H7E6 Fr. H7E6
52.3 Mg {

‘ FEC (silicargel:! -
CH,Cl,-MeOH, grad_j_ent)

Fr. H7E5A-C DD5 Fr H7EBD-E = | FCC (silica gel;
22 mg = CH,Cl,-MeOH, gradient)
Fr. H8A Fr. H8B-F
46.8 mg

‘ FCC (silica gel; CH,Cl,-MeOH, gradient)

Fr. H8A1-4 Fr.H8AS Fr. H8AG
30 mg

‘ GF (Sephadex lzH?20; acetone)

Fr. HSBA5A-D Fr. HBASE Fr. HBA5F-H
13.8 mg

FCC (silica gel,
CH,Cl,-acetone, gradient)

Fr. HSA5E1-5 DD6 Fr. HBASE7-10
5mg

Scheme 3 Separation of fraction H of MeOH extract
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4. Physical and spectral data of isolated compounds

4.1 Compound DD1 (hircinol)

Compound DD1 was obtained as a white powder, soluble in acetone (2.0 mg,
1.22 x 10" % based on dried weight of stem).

ESIMS
IR
uv

'H NMR
BC NMR

: [M+H]" at m/z 243.10; Figure 3
: 3164 cm™, 1618 cm™, 1459 cm™; Figure 4

. Amax M (log €), in methanol; Figure 5

222 (4.56), 273 (4.22),'302 (4.05)

: 0 ppm, 500 MHz, in acetone-de; see Table 2, Figure 8
: 8 ppm, 75 MHz, in acetone-tes;see Table 2, Figure 6

4.2 Compound-DD2 (gigantol)
Compound DD2was.obiained as a brown amorphous solid, soluble in CHxCl,
(115.2 mg, 0.64 % based on.dried weight;p'f stem).

ESIMS
IR
uv

'H NMR
BC NMR

: [M+H] '8t ni/z/275.13; Figlire 11
:3391°Cm 1614 e, 1589 em™, 1271 cm'™; Figure 12
: hmax nm (log €), ifkmethanol; Figure 13

225 (4.14), 281(368)

- & ppm, 300 Mz, in CDCls: seé-Table 3, Figure 14
: O ppim,- 25 MHz, in CDClz: see Table 3-Figure 15

4.3 Compound'DD3 (batatasin I11)
Compound.DD3 was obtained as.a colourless,amorphous solid, soluble in
CH,Cl, (48 mg, 2.67'x.102 % based.on dried weight of stem).

ESIMS
IR
uv

'H NMR
BC NMR

: [M+H]" at m/z 245:12; Figure 19
:3318¢m™, 1614 cm7,.1594 cm™ 1455 ¢cm'1,/1496 cm™; Figure 20

. Amax nm (log €), in methanol; Figure 21

223 (4.08), 275 (3.52)

: 6 ppm, 300 MHz, in CDClg; see Table 4, Figure 22
: 0 ppm, 75 MHz, in CDClgs; see Table 4, Figure 23
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4.4 Compound DD4 (5-methoxy-7-hydroxy-9,10-dihydro-1,4-

phenanthrenequinone)

Compound DD4 was obtained as a reddish powder, soluble in CH,Cl, (3 mg,
1.67 x 10" % based on dried weight of stem).

HRESIMS
IR
uv

'H NMR
BC NMR

- [M+H]" at m/z 257.0817; Figure 27
: 3363 cm™, 1733 cm™, 1603 cm™, 1464 cm™; Figure 28

. Amax nm (log €), in methanol; Figure 29

223 (4.32), 250 (4.08), 485 (3.50)

: 0 ppm, 500 MHz, in CDCl;ySge Table 5, Figure 33
: 8 ppm, 125 MHZz, in CDClIs; seeTable 5, Figure 30

4.5 Compound.DD5 (4-methoxy-9,10-dinydrophenanthrene-2,5,7-triol)
Compound DDSWas.obiained as a red amorphous powder, soluble in CHxCl,
(22 mg, 1.22 x 10°%% baséd oh dried weight of stem).

ESIMS
IR
uv

'H NMR
BC NMR

: [M+NaJfatm/z 281.08; Figure 39
1 3306'Cm % 1620 o, 1586 ¢, 1454 cm™; Figure 40
: hmax N (log €), ifhmethanol; Figure 41

222 (4.51), 278(4:30)

: & ppm, 500 MHz, in CDCly; see-Table 6, Figure 42
: 0 ppim,-125 MHz, in CDCl3: see Table 6,"Figure 45

4.6 Compound*DD6 (tristin)
Compound.DD§ was obtained as.a brown amorphous solid, soluble in acetone
(5.0 mg, 2.78 x 10 % lbased on dried weight of stem).

ESIMS
IR
uv

'H NMR
BC NMR

: [M+H]" at m/z 261¢11; Figure 52
:3749¢m™, 3353 cm7,.1602 cm™, 1515 cm™, 1463 ¢cm™; Figure 53

. Amax nm (log €), in methanol; Figure 54

226 (5.08), 281 (4.59)

: & ppm, 300 MHz, in acetone-dg; see Table 7, Figure 56
: 6 ppm, 75 MHz, in acetone-dg; see Table 7, Figure 55
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5. Determination of free radical scavenging activity

5.1 DPPH radical scavenging activity assay

5.1.1 Preparation of test sample

The assay was performed according to a previous reported method (Braca et
al., 2002).

The test compound (1 mg) was dissolved in 1 ml methanol (or suitable
solvent) and diluted with methanol until a suitable range of concentration (pug/ml) was
obtained. The concentration was expressed as uM in final concentration. For example,
DD1 (MW 242) at 1 mg/ml was equal to 4132 uw¥ [1 mg/(1ml x 242)]. For each well,
20 ul of test solution was added to the reaction'mixture to furnish the total volume of

200 pl. The final concentration.was calculated using the formula below.

NV =N\,
Ny = Beginning concgntration (L)
Vi = Beginning volt;ime (uh
N> = Final concentreft_ién (uM)
V,  =Final volume (ui)'

Thus, the final concentration of DD.]_.I:._-S—QleJJtion = 4132 uM x 20 ul / 200 pl
. =4132uM

5.1.2 Preparation of DPPH solution (100 uM)
DPPH (2 mg) was dissolved in 100 ml of methanol, and the solution was

stirred for 30 min.

5.1.3 Measurement of activity

The test safiple (20 ub), was added 10 180 pl*DPPH solution (100 uM) in 96-
well plate. The solution mixture was incubated at 37°C for 30 min and then the
absorbance of each well was measured at 510 nm. The DPPH solution (180 pl) mixed
with methanol (20 ul) was used as a negative control while quercetin and Trolox®

were used as positive controls.
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5.1.4 Calculation of percent inhibition of DPPH free radical scavenging
activity
The percentage of DPPH reduction was calculated as follows.

% DPPH reduction =[(A-B) x 100 ]/ A

A = The absorbance of DPPH solution after incubation at 510 nm
B = The absorbance of the reaction mixture after incubation at 510 nm
For 1Cs evaluation of pure compounds; a.graph showing concentration versus

% DPPH reduction was plotted. The 1Csp was Caleulated from the graph.

5.2 Assay of superexideradical (O, 7) scavenging activity

5.2.1 Preparationof testsample

The assay was conducted according to a previous reported method (Dasgupta
and De, 2004) L 4

The test compound (2.5.mg) was d‘i!s_solved in 1 ml methanol (or suitable

solvent) and diluted with 30 % methanol in 'E_:';'O"“-mM sodium phosphate buffer (pH 7.8)
until a suitable range of coneentration (ug/rh_-l)— was obtained. For each well, 80 ul of
test solution was added to the reaction mixture-to furnish the total volume of 200 .

The final concentration was calculated using the formula elow.

N1V1 =NV,
Ny = Beginning concentration (ug)
Vi =.Beginning volume’(ul)
N2 = Final cancentration (11g)
V> = Final volume (ul)

5.2.2 Preparation of reaction mixture
Each 200 pl reaction mixture contained 50 mM sodium phosphate buffer (pH
7.8), 130 mM methionine, 20 uM riboflavin, 1 mM EDTA, NBT (750 puM)

and 80 ul sample solution.
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5.2.3 Measurement of activity

The test sample (80 ul) was added to the mixture of 130 mM methionine (20
ul), 20 uM riboflavin (20 ul), 1 mM EDTA (20 ul), and 50 mM sodium phosphate
buffer (40 ul) in a 96-well plate. Then 750 uM NBT (20 ul) was added. The solution
mixture was illuminated by a fluorescent lamp for 10 min, and then the absorbance of
each well was measured at 570 nm. The entire reaction assembly was enclosed
in a box lined with aluminium foil. Identical plates with reaction mixture were kept in
the dark and served as blanks. The reaction solution (120 ul) mixed with 30 %
methanol in buffer (80 ul) was used as a négaiive control while Trolox® was used as

a positive control.

5.2.4 Calculation'of percent inhibition of superoxide radical (O, )
scavenging activity

The percentage of NBT reduction was calculated as follows.

% NBT reduction® [(A.-As)< (Bi-Bo)] X 100/ (A-Ao)

A_ =The absorbance ef NBT soluti‘_o_ri; after illumination at 570 nm

Ap = Theahsorbance of NBT solution that were kept in the dark at 570 nm

B = The absorbance of the reaction mixture after illumination at 570 nm

Bp = The absarbance of the reaction mixture that were kept in the dark at
570 nm



CHAPTER IV

RESULTS AND DISCUSSION

The dried powdered of Dendrobium draconis (1.8 kg) was macerated with
methanol. The methanol extract (112.29 g) was separated using several
chromatographic techniques to afford six pure compounds (DD1-DD6). The structure
determinations of all isolates were carried out.by interpretation of their UV, IR, MS
and NMR data, and further comfirmed by comparison with literature values.

1. Structure determination of isolated compounds

1.1 Structure detexmination of,.compound DD1

Compound DD& was™ obtained as a white powder. The ESI mass spectrum
(Figure 3) showed a maleculag ion [M+I‘:I]j+ at m/z 243.10, suggesting the molecular
formula C15H1403. In thedR spectrum (Figure 4), absorption peaks at 3164, 1618, and
1459 cm™ indicated the presence: of hydroxy groups and aromatic rings. Its UV
spectrum (Figure 5) showed absorption bands at 222, 273, and 302 nm, typical of
9,10-dihydrophenanthrene.

The *C NMR, DEPT 90 and DEPT 185 spectra (Figures 6-7 and Table 2)
revealed 15 carbon- atoms, including 5 methine carbons, 7 quaternary carbons, a
methoxyl carbon and two methylene carbons. The two methylene carbons [6 32.0 (C-
9) and 32.1 (C-10)] were consistent with four protons at'$ 2.65 (4H, br s, H,-9 and H,-
10). The 'H NMR-.spectrufm (Figure8 and Table 2).revealed meta-coupled signals at &
6.47 (1H, d, J = 25 'Hz, H-3) ‘and 6.50 {(1H, 'd;-d ='2.5 Hz, H-1), indicating the
presence of tetrasubstituted phenyl group. A spin=system at 6 6.79' (1H, dd, J = 7.5,
1.5 Hz"'H-8), 7.07,(1H, t, J = 7.5 Hz H-7) and 6.85 (1H, dd, J,= 7.5, 1.5 Hz, H-6)
indicates the presence of 1,2,3-trisubstituted phenyl group. The existence of these two
aromatic rings and two methylenes indicated a 9,10-dihydrophenanthrene skeleton. A
methoxyl group at 6 2.65 (3H, s, MeO-4) should be located at C-4 since the methoxyl
protons exhibited NOESY interaction with H-3, but not with H-1 (Figures 9-10).

Based on the above spectral evidence and through the comparison of its
previous reported data (Fisch, Flick and Arditti, 1973; Coxon, Ogundana, and Dennis,
1982), it was identified as hircinol [96].



Table 2 NMR Spectral data of compound DD1 and hircinol (acetone-dg)
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DD1 Hircinol
Position on oc on oc
(mult., J in Hz) (mult., J in Hz)
1 6.50 (d, 2.5) 107.3 6.51 (S) 109.9
2 - 160.7 - 158.4
3 6.47 (d, 2.5) 6.51 (s) 100.0
4 - 154.6
4a - 128.7
4b - 114.7
S - 156.3
6 118.2
7 -7.32 (m) 128.1
8 ' 120.0
8a - - 1413
9 2.64 (br s) 31.6
10 2.64 (brs) 31.8
10a 144.1
OMe 57.3

Hircinol [96]
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1.2 Structure determination of compound DD2

Compound DD2 was isolated as a brown amorphous solid. The ESI mass
spectrum (Figure 11) showed a molecular ion [M+H]" at m/z 275.13, suggesting the
molecular formula Ci6H1504. The IR spectrum (Figure 12) showed characteristic
bands at 3391, 1614, 1589, and 1271 cm™ indicating the presence of hydroxy groups
and aromatic rings. The UV spectrum (Figure 13) showed absorption bands at 225
and 281 nm, indicative of a bibenzyl derivatives. This was supported by the presence
of methylene protons at & 2.82 (4H, br §)/in the *H NMR spectrum (Figure 14 and
Table 3), and the appearance of two methylene carbon signals at 6 37.1 (C- o) and &
38.1 (C- o) in the *C NMR specirum (Figure 15-andTable 3). The *C NMR, DEPT
90 and DEPT 135 spectra (kigures 15-16 and Table 3) displayed 16 carbon signals,
corresponding to two methexyis, two methylenes, six methines, two quaternaries and
four oxygenated carbons.# The' ‘H NMR spectrum (Figure 13 and Table 3) of
compound DD2 also showed signals-foritwo methoxylsat & 3.76 (3H, s) and & 3.84
(3H, s). On ring A, two oxygenated sﬁbstituents were placed on m-positions in
relation to C-1, as supported by the presenk{é of three meta-coupled aromatic protons
at 5 6.31 (1H, br s, H-4) and 6,35 (2H, br"s':' 'H :6). The first methoxyl (3 3.76, 3H, s,
MeO-5) was located at C-5 of ring A, as shown by its NOESY interaction with H-4
and H-6 (Figures 17-18). On ring B, the lH NMR exhibited an ABM splitting system
at 6 6.67 (1H, br s, H-2"), 6 6.70 (1H, br d, J = 8.1 Hz, H=6) and 5 6.87 (1H, brd, J =
8.1 Hz, H-5"). The second methoxyl (6 3.84, 3H, s, Me0-3") should be situated at C-3’
according to its NOESY gorrelation with H-2',

From the above-abservations and through comparison of its previous reported
data (Juneja, Sharma, and Tandon, 1985; Juneja, Sharma, and Tandon, 1987), DD2
was identified as gidantol: {147



Table 3 NMR Spectral data of compound DD2 and gigantol (CDCls)
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DD2 Gigantol
Position o oc o oc
(mult,, J in Hz) (mult,, J in Hz)

1 - 144.4 - 144.4
2 6.35 (br s) 108.2 6.29 (brs) 108.1
3 - 156.6 - 156.7
4 6.31 (brs) 6.29 (brs) 99.2
5 - - 160.9
6 6.29 (br s) 106.9
o .83 (brs) 37.1
o ~.2.83(brs) 38.1
1 ' - 133.7
2' (d, 2.0) 114.3
3 - 146.3
& - 143.8
5 . .81 (d, 9.0) 1114
6’ 6.70 ( 7 (dd, 2.0, 9.0) 121.0

3'-OMe 3.85 (s) 55.9

5-OMe 55.2

3.77 (s)
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1.3 Structure determination of compound DD3

Compound DD3 was isolated as a colourless amorphous solid. The ESI mass
spectrum (Figure 19) showed a molecular ion [M+H]" at m/z 245.12, corresponding
to Cy5H1703, suggesting the molecular formula Ci5H1603. The IR spectrum (Figure
20) showed absorption bands at 3318, 1614, 1594, 1455, and 1196 cm™, indicating
the presence of hydroxy groups and aromatic rings. The UV spectrum (Figure 21)
showed absorption bands at 223 and 275 nm, indicative of a bibenzyl derivative.
This was supported by the presence of methyiene protons at 6 2.79 (4H, br s, Hy-a
and Hy-o) in the *H NMR spectrum (Figufe-22 and Table 4) and two methylene
carbons at § 37.2 (C- o) and 6.87.5 (C- o) in the °C NMR spectrum (Figures 23 and
Table 4). The *C NMR, DEPT.90 and DEPT 135 spectra (Figures 23-24 and Table 4)
of compound DD3 displayed 15 carbon signals, corresponding to a methoxyl, two
methylenes, seven methines, iweo quaterriar'ies and three oxygenated carbons. The H
NMR spectrum (Figure 22) of compouna: DD3 also showed a methoxyl signal at 6
3.73 (3H, s, MeO-5) . On fing A, a 3-H rh‘u_ltiplet at 0 6.29 indicated the presence of
three meta-coupled protons similar 0 those_?.{p_résented in ring A of compound DD2. A
methoxyl was located at C-5 of ring A. This was confirmed by its NOESY interaction
with H-4 and H-6 (Figures 25-26). On rlng_B the 'H NMR also displayed four
protons signals at 6 7:44 (1H, t, J = 7.8 Hz, H-5"), 6.75 (1H, br d, J = 7.5 Hz, H-6"),
6.68 (1H, dd, J = 75, 1.8 Hz, H-4"), and 6.64 (1H, br's, H-2") indicating a 1,3-
disubstituted aromatic¥ing.

Based on _the above_spectral evidence and through comparison of its
previously reported-data’ (Hashimato et als 1974; Sachdev and Kulshreshtha, 1986;
Majumder, Roychowdhury, and Chakraborty, 1997), DD3 was identified as batatasin
1 [9].



Table 4 NMR Spectral data of compound DD3 and batatasin 11 (CDCl5)
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DD3 Batatasin 111
Position o oc 5 o
(mult., J in Hz) (mult., J in Hz)
1 ] 144.5 - 145.0
2 6.29 (br d, 2.1) 106.9 6.25 (d) 106.3
3 - 156.5 - 159.2
4 6.33 (brs) 1992 6.34 (d) 99.9
5 - - 161.9
6 . 6.25 (d) 108.8
o 2.79 (brs . . 2.83(s) 36.7
a’ 2.79 (b 7, BLOn 0 83 (s) 36.9
1 ' ' - 144.3
2' 5,70 (m) 116.2
3 - 158.2
4 6.68 (do 0 (m) 113.6
S 7.14 (/7. 126 ' 7.15 (t, 8.0) 130.0
6 6.75 (br d, #.5) |« 12104 | . 6.70(m) 120.4
5-OMe 5.3, 3.76 (8) 55.6

QRIA4N
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Batatasin 111 [9]
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1.4 Structure determination of Compound DD4

Compound DD4 was isolated as a reddish powder. The positive HRESIMS
(Figure 27) exhibited an [M+H]" at m/z 257.0817 (calcd. for 257.0813; Ci5H1304),
suggesting the molecular formula Cy5H:,04. The IR spectrum (Figure 28) showed
absorption bands for hydroxyl (3363 cm™), ketone (1733 cm™) and aromatic (1603,
1464 cm™) groups. The UV absorptions at 485 and 250 nm (Figure 29) and the *C
NMR (Figure 30 and Table 5) signals at ¢ 185.4 (C-1) and & 185.7 (C-4) were
indicative of a phenanthrenequinone structure (Bhaskar et al., 1991). The olefinic
protons at & 6.68 (1H, d, J = 10.0 Hz, H-2)~and6 6.78 (1H, d, J = 10.0 Hz, H-3)
exhibited HMBC correlations-with C=1 and C=4;-respectively (Figures 31-32 and
Table 5), confirming the quinone structure (ring B). Compound DD4 should have a
9,10-dihydro partial structuré, as suggested from the presence of the *H NMR signals
for two pairs of methylene protons.at 6 2:55 (H,-10) and & 2.60 (H.-9) (Figure 33),
which correlated to the carbons at § 20.1 (C-10) and 6 28.5 (C-9) in the HSQC
spectrum (Figures 34-35). The*H NMR é_pectrum of DD4 (Figure 33) also showed
signals for a methoxyl greup (o 3.73, s, 3H) and two meta-coupled aromatic protons
at §6.31 (1H, d, J = 2.0 Hz)'and 6 6.33 (1H",=,f‘6|,,,; = 2.0 Hz) assignable to H-8 and H-6,
respectively. These assignments were confi'rr_r_léd by the HMBC correlation from H-8
to C-9 (Figure 36), and the NOESY cross-péa]k between’H-8 and H,-9 (Figures 37-
38). From the above observations, it appears that DD4 should have a structure similar
to dendronone (5-hydroxy-7-methoxy-9,10-dihydrophenanthrene-1,4-dione),
a phenanthrenequinone earlier reported from from Dendrobium cariniferum and D.
longicornu (Chen et al.; 2008; Hu et al., 2008a)- | However; in structure DD4 the
methoxyl group” should be located. at C-5 since the methoxyl protons exhibited
NOESY jinteraction ywith:H-6; but not with H:8 (Figures [37-3€): This was further
confirmed by the 2J HMBC correlation from H-8 to C-7, which was a hydroxylated
carbon (Figures 31-32).

Based on the above spectral evidence, compound DD4 was characterized as 5-
methoxy-7-hydroxy-9,10-dihydro-1,4-phenanthrenequinone. Prior to this study, the
structure of DD4 was hitherto unknown.



Table 5 NMR Spectral data of compound DD4 (CDCl5)

DD4
3 dc HMBC
Position | (mult., J in Hz) (correlation with 'H)
1 - 185.4 -
2 6.68 (d, 10.0) 135.1 1*
3 6.78 (d, 1 ’ ’ | 1372 4% 4a
4 " A85.7 -
: wE |
4b -" = -
5 ~ )
6 6°334(Cy 2.0 \ 6 4b, 5*, 7*, 8
7 ~ -
8 g *
| JQE 4b, 6, 7*,9
8a -

| 4b, 8, 8a*, 10*, 10a

9*

5-methoxy-7-hydroxy-9,10-dihydro-1,4-phenanthrenequinone [224]
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1.5 Structure determination of compound DD5

Compound DD5 was obtained as a red amorphous powder. The ESI mass
spectrum (Figure 39) showed a molecular ion [M+Na]" at m/z 281.08, corresponding
to the molecular formula Cy5H1404 The IR spectrum (Figure 40) showed hydroxyl
groups (3306 cm™) and aromatic rings (1620, 1586 and 1454 cm™). The UV spectrum
(Figure 41) showed absorption bands at 222 and 275 nm, were suggestive a of 9,10-
dihydrophenanthrene. This was supported by the presence of the *H NMR spectrum
(Figure 42) showed signals of two pairs of methylene protons at 6 2.62 (H»-9 and H,-
10), which correlated to the carbons at 6 31:0.(€-9) and 6 31.1 (C-10) in the HSQC
spectrum (Figures 43-44). The **C NMR spectrum (Figure 45 and Table 6) displayed
15 carbon atoms, including 12 aromatic carbons, a methoxy, and two secondary
carbons. The *H NMR_specifum of DD5 (Figure 42) also showed signals for a
methoxyl group at & 3.9243H, s)./On-ring A, the "H NMR spectrum showed signals
for two meta-coupled aromatic protons d’g 8 6.40 (1H, d, J = 2.5 Hz, H-6) and 6.37
(1H, d, J = 2.5 Hz, H-8), these assignment were supported by HMBC correlation from
H-8 to C-9 (Figures 46-47), and NOESY _c‘n'oés-peak between H-8 and H,-9 (Figures
48-49). On ring B, the presence, of two met’ai--cqupled aromatic protons at 6 6.47 (1H,
d, J=25Hz) and 6.48 (1H, d, J =25 Hz‘)ﬁ assignable to H-1 and H-3, respectively.
This was confirmed Dy the correlation of H-i ta C-10 in the HMBC spectrum (Figure
47), and the NOESY _eross-peak between H-1 and Hx-10 (Figures 48-49). A methoxyl
group was linked to C-4, observed from the HMBC correlation (Figure 50) from
OMe-4 to C-4 and its NOESY interaction with H-3. The NOESY cross-peak between
H-1 and H,-10"was_ also observed-(Figure.48-49): The wholé structure was proved
further by the HMBC correlations (H-9/C-8, H-9/C-4b, H-10/C-1, H-10/C-4a) (Figure
51).

Based on the above spectral evidence and comparison to the earlier reported
data (Hu et al., 2008a), this compound was identified as 4-methoxy-9,10-
dihydrophenanthrene-2,5,7-triol [118].



Table 6 NMR Spectral data of compound DD5 (CDClI3) and 4-methoxy-9,10-

dihydrophenanthrene-2,5,7-triol (acetone-ds)

DD5 4-methoxy-9,10-
(CDCly) dihydrophenanthrene-2,5,7-
Position triol (acetone-ds)
SH oc SH oc
(mult., Jin Hz) (mult., J in Hz)
1 6.47 (d, 2.5) 109.3 6.35 (d,2.5) 109.9
2 - 154.9 - 157.6
3 6.48 (d, 2.5) 99,3 6.31 (d, 2.5) 100.0
4 - 154.5 - 155.5
4a A 115.6 - 115.1
4b - 1137 - 113.6
5 : 154.8 - 155.9
6.401d. 25) 104.2 6.52 (d, 2.3) 104.6
: 165.3 . 157.9
6'37 (d, 265 107:6 6.57 (d, 2.3) 108.1
8a g 142.1 - 142.4
9 2.624(br ) 311 2.56 (m) 31.9
10 2.62 (br's) 31.0 -, 2.56 (M) 32.0
10a - 1431 i 143.3
7-OMe 3.92(9) Nian 3.94 (s) 57.3

4-methoxy-9,10-dihydrophenanthrene-2,5,7-triol [118]
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1.6 Structure determination of compound DD6

Compound DD6 was obtained as a brown gum. The ESI mass spectrum
(Figure 52) showed a molecular ion [M+H]" at m/z z 261.11, suggesting the molecular
formula Ci5H1604 The IR spectrum (Figure 53) showed absorption bands at 3353,
1602, 1515, and 1463 cm™, indicating the presence of hydroxy groups and aromatic
rings. The UV spectrum (Figure 54) showed absorption bands at 226 and 281 nm,
indicative of a bibenzyl derivative. Twa methylene carbon signals appeared at 6 38.0
(C- o) and & 39.0 (C- &) in the **C NMR speetrum (Figure 55 and Table 7). The *H
NMR spectrum (Figure 56 and Table 7) of cempound DD6 showed signals for an
aromatic methoxyl at 6 3.79 (3H, s). on ring A, the presence of a broad singlet at 6
6.20 (2H, br s, H-2 and_H=6) and a broad singlet at ¢ 6.18 (1H, br s, H-4) suggested
the substitution of two hydroxyls on m-position in relation to C-1. On ring B, a three-
proton ABM spin systemd[(6.6. 79, br s, H—}?I’), (6 6.70,d, J =7.8 Hz, H-5"), ( 6.66, br
s, H-6)] was observed.sComparison of ¥C NMR data of DD6 with those of
compound DD2, revealed thei structured 's'-_i‘m_‘ik_larity, particulary in ring B with regard
to the substitution of a methoxyl at C=3' and_;--’_a_ hydroxyl at C-4'.

Through comparison of these data with reported values, compound DD6 was
identified as tristin [71] (Majumder and -Pél,;1992; Leong, Harrison, and Powell,
1999).



Table 7 NMR Spectral data of compound DD6 and tristin (acetone-dg)
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DD6 Tristin
Position on oc o oc
(mult., J in Hz) (mult., J in Hz)

1 - 145.6 - 1455
2 6.20 (br s) 107.8 6.22 (m) 107.8
3 - - 159.3
4 6.18 (brs) 6.18 (t, 2.1) 101.1
5 - - 159.3
6 6.20 (b . 6.22 (m) 107.8
o 2.82 (& e 2. 74 (m) 37.9
o | , 74 (m) 39.0
1 y - \ - 134.2
2 ) ,\ (d, 1.7) 115.5
3 ) - 148.1
4 _ . - 145.1
5 6.70 (d 6.72 (d, 8) 112.9
6’ 6.66 (brs ‘6 (dd, 8.0, 1.7) 121.5

3'-OMe 3.80(s) 56.2

4 3
f lb WS
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Tristin [71]
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2. Free radical scavenging activity

Free radicals can be defined as molecules or molecular chemical species
containing unpaired electron(s) in atomic or molecular orbitals. In living system
radicals originated from oxygen are the most important class of radical species,
including superoxide (O, ), peroxyl (ROQO"), alkoxyl (RO"), hydroxyl (HO"), nitric
oxide (NO) and hydrogen peroxide (H,O,). Oxygen free radicals or reactive oxygen
species (ROS), and reactive nitrogen, species (RNS) are produced from normal
cellular metabolism, which can be either hapmful or beneficial to living systems.
Beneficial effects of ROS represent at lowCr=moderate concentration, that act as
secondary messengers controlling various normal” physiological functions. The
overproduction of ROS/RNS, eausing harmful effects of free radicals, is termed
oxidative stress and nitrgsaitve ;siress. This may oceur in living system when the
generation of ROS/RNS sexeeeds the system’s ability to neutralise and eliminate
them. The excess ROS/RINS ¢an damage DNA, proteins and lipids, causing human
disease and ageing (Pietta, 2000; Valko et ‘al., 2007).

Human have antioxidant Systems _;td' protect against free radicals. These
systems include enzymati¢ antioxidants,"fsh(l:h as superoxide dimustase (SOD),
glutathione peroxidase (GPx), and catalase. (CAT) and non-enzymatic antioxidants,
such as vitamin C, vitamin E, glutathione (GSH) and earotenoids. The mechanisms of
antioxidant action ‘can include (1) suppressing ROS ‘farmation by inhibition of
enzymes or chelating trace elements involved in free radical production; (2)
scavenging ROS; and (3) upregulating or_protecting antioxidant defences. Besides
these defences antioxidants, others defence mechanisms against free radicals involve,
preventative méchanisms, repair mechanisms, and physical defences. (Pietta, 2000;
Valko etal:£2007):

The MeOH extract of D. draconis showed free radical  scavenging activity.
Isolated compounds were first test at 100 ug/ml. Compounds exhibiting more than
50% inhibition were further evaluated for 1Cs values. Quercetin and Trolox® were

employed as positive controls. The results were summarized in Table 8.
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Table 8 Percentage of DPPH and NBT reduction by isolated compounds
from D. draconis

% DPPH reduction
Compound Coo (M) %NBT reduction
at 100 pg/ml
at 100 pg/mi Mean + SD
MeOH extract 75.78 - -
DD1 [96] 95.05 22.32+1.04 51.11
DD2 [14] 93.24 1775+ 0.51 66.23
DD3 [9] 36.31 . 62.36
DD4 [224] 54.16 28338+ 13.7 33.03
DD5 [118] 35065 10.22+0.14 53.87
DD6 [71] 89 47 . 24.07+1.60 63.47
Quercetin 0542, _2.46+ 0,08 -
Trolox® 96 43 | 1167+ 0.44 95.57

From Table 8, sixpure co-mr‘)ounds';v?e;e tested for free radical scavenging
activity. All compounds, exeept for DD3, sﬁ‘é);/v;;d appreciable DPPH free radical
scavenging activity, but with magnitude less,f_t_ha_'n that of quercetin or Trolox®. 4-
Methoxy-9,10-dihydrophenanthrene-2,5,7-triol (DD5) [118] however, showed
antioxidant potency cofnparable to that of Trolox® (ICsp 2022 and 11.67 pM,
respectively ). None of the tested compounds showed strong superoxide radical
scavenging activity.

In the case of bibenzyls, the substitution of hydraxy or methoxy group on C-4'
affect the free radical scavenging capacity. Thus DD3 [9] is less petent than others
tested kibenzyls. For phenanthrene derivatives, the presence of hydroxy group on C-7
is required for the activity. For example, DD5 [118] showed stronger activity than that
of DD1 [96]. Ry

2

OMe Q

R, Ri R, Rs Ry

DD4 [224]
DD2[14] OH OMe OMe OH DD1 [96] OH H

DD3 [9] OH OMe OH H DD5 [118] OH OH
DD6[7]] ©OH OH OMe OH



CHAPTER V

CONCLUSION

In this study, a new phenanthrenequinone (5-methoxy-7-hydroxy-9,10-
dihydro-1,4-phenanthrenequinone [224]), two known 9,10-dihydrophenanthrene
(hircinol [96] and 4-methoxy-9,10-dihydrophenanthrene-2,5,7-triol [118]), along with
three known bibenzyl derivatives (gigantol [14], batatasin 1l [9] and tristin [71]) were
isolated from the MeOH exiract of thes orchid Dendrobium draconis Rchb.f.
(Orchidaceae). The isolated eompounds ‘were~tested for free radical scavenging
activity.  4-Methoxy-9,10-dihydrophenanthrene-2,5,7-triol  [118] showed DPPH
scavenging acivity comparable.0 that of Trolox®, but none of the tested compounds
showed superoxide radical scavenging activity. Thus free radical scavengers from D.

draconis provide possibilitiesfor application in medicine and cosmetic.
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