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M ABTEBSEZ3E  MAJOR PHARMACOGHNOSY
KEY'WORD: CANAVALIA ROSEA [ ELATERIOSPERMUM TAPOS | TRITERPENOIDS / DITERPENCIDS /
ALEALOIDS

DUANGPEN PATTAMADILOK : PHYTOCHEMICAL STUDY OF CAMNAVALIA KOSEA
AND ELATERIOSPERMUM TAPOS. THESIS ADVISOR : ASSOC. PROF, RUTT
SUTTISRI, Ph.D. , 338 pp.

Phytochemical investigation of the chemical constinsents of Cowevalfa rosea (Papilionaceas) serial
parts led 1o the isolation of six compounds including a new guaniding slialoid, canarosine, B flavonoid
glycoside, rutin, epi-inasito] 6-O-methy| ether, P-sitosterol ghucoside, and a 21 mixture of f-sitostero| and
stigmasterol, Canarnsine, at [00 pg'mi, caused 95% inhibition dopamine-| receptor binding with twe 1C.,
value of 39.4 pM. The alkaloid was alén active agninst Plasmodium falciparun K| strain with 1Cy, value of
448 pp'mi, was moderately active against Herpes simplex vines tvpe 1.

Study of chemical constituents of Elaterfospermum tapas (Euphorbiaceas) led to the isolation of a
total of twenty-five compounds from the stem, fowers and |eaves of this plant. From the stom, fourteen
compounds including four friterpéncdds, lupeal, lupeol scetnte, scetyl aleuritolic acid mnd permanicol
palmitate, o new cleistanthane dilerpenoid. 2, 3-seco-sonderianal. two pimarane diterpencids. yucalexin P-17
and yucalexin P-15, a beyerané dnerpenoid, yucalexin B-21, a biflavonoid, amentoflavane, along with
scopoletin, syringaldehyde, oleic acid and a f-siosteral/stigmasteral ( 1:1) mixmre were isolatad. Isolation
of its flowers vielded eight compounds including lupeol, lupeal acetale, a favonoid, quercetin, two
bilavonoids, smentoflavone @nd  pommflavone, ellagic scid 3 3-dimethyl ether and a f-
sitosterol/stigmasterol (1:1) mixture. Thirteen compounds were olated from the leaves of this planl,
including two new teraxerang iriterpenoids, 2.3-reco-tamxer- | d-ene-2.3,28-rioic acid 2,3-dimethy] ester
and 2.3-seco-taraxer-14-ene-2,3,28-trinic acid 3-methyl emer, two known iriterpencids, hopenol-A and
sleuritolic acid, four biflavonoids, amentollavone, sequoiallavone, putraflavone and ginkgetin, a Mavonoid,
ksempferol, ellagic acid 21.3°-dimethyl ether, B-sitosteral glucoside and a [-siosterol'stigmasterol mixture

Among the compounds isolated from E dapor, 2.3-seco-taraxer-14-ene-2,3 28-trivic acid 2,3-
dimethyl ester exhibited mederate eytotoxicity against BC eell line with 1Cy 7.08 pg'ml, strong cytatoxiciry
against MCI-H 18T cell line with ICs, value of 465 pa'ml, and anti-Mycohacterium wherculosis with MIC
walue of 3.13 pup'ml.  Lupeo) was weakly cyiotoxic sgainst MCI-H1E87 cell line with ICs 184 pg'ml
Ginkgetin showed weak cytotowic activity sgainst KH and BC cell lines, with 1T, values of 18.5 and 10.3
Hgiml, respectively., However, lupenl, ginkgstin dnd puiriflavoas were Cylotonic againsi Vero cells with
IC s values of 13.4, 34.8 and 35.4 ug'ml, respecrively, Both 2,3-reco-taraxer-|d-ene 2.3 2B-trinic acid 3-
meethyl ester and lupeol were active against M. iwberculosis with the same MIC value of 50 pg'ml. Among
the biflavonoids, ginkgetin, putraflavone, amentoflavone and sequoiaflavone showed antituberculosis
activity with MIC values of 25, 50, 100 and 200 pg'ml respectively, Yucalexin P17 displayed anti-Herpes
simplex wims type | activity with 1Cq valoe of 3.60 pg/ml,
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CHAPTER |

INTRODUCTION

The Leguminales is an order of trees, shrubs or herbs which occur worldwide.
The leaves of these plants are simple to bipinnate, with or without stipules. Their
flowers are either actinomorphic or zygomorphic, with free or some partially united
petals. Their stamens are few to numerous, free or variously connate (mostly
diadelphous). The fruit is often a legume or indehiscent, sometimes winged, with
seeds that are without endosperm. This order can be separated into three families:
Caesalpiniaceae, Mimosaceae and Papilionaceae.

The family Papilionaceae comprises about 400 genera and at least 10,000

species (Porter, 1967). In Thailand, at least 76 genera and 267 species of this plant

family have been documented (drwwgnumansihlsd dnindnmsthld asuthls, 2544).

These genera and approximate number of species (in parenthesis) in each genus are as

follows:
Abrus (2) Aeschynomene (3) Afgekia (3)
Aganope (2) Alysicarpus (1) Antheroporum (1)
Apios (1) Arachis (1) Butea (2)
Cajanus (4) Callerya (4) Campylotropis (2)
Canavalia (4) Centrosema (1) Christia (3)
Cicer (1) Clitoria (4) Codariocalyx (2)
Crotalaria (24) Cyamopsis (1) Dalbergia (23)
Dendrolobium (6) Derris (12) Desmodium (10)
Dicerma (1) Dolichos (2) Droogmansia (1)
Dumasia (1) Dunbaria (1) Dysolobium (2)
Eriosema (1) Erythrina (5) Euchresta (1)
Flemingia (8) Galactia (1) Gliricidia (1)
Glycine (1) Glycyrrhiza (2) Hegnera (1)
Indigofera (16) Lablab (1) Lathyrus (1)
Lens (1) Macroptilium (1) Mecopus (1)
Melilotus (1) Millettia (16) Mucuna (10)



Ormocarpum (1) Ormosia (4) Ostryocarpus (1)
Pachyrhizus (1) Paracalyx (1) Parochetus (1)
Phaseolus (2) Phylacium (1) Phyllodium (5)
Pisum (1) Psophocarpus (1) Pterocarpus (3)
Pueraria (6) Pycnospora (1) Rhynchosia (3)
Sesbania (5) Shuteria (1) Sinodolichos (1)
Smithia (2) Sophora (3) Spatholobus (4)
Strongylodon (1) Stylosanthes (2) Tadehagi (1)
Tephrosia (4) Uraria (8) Vicia (1) Vigna (8)

Papilionaceae is an important plant family because the seeds and pods of many
of its herbaceous species are valuable commodities. They are rich in protein and
mineral; the most important being peas (Pisum sativum L.), broad bean (Vicia faba L.),
ground nuts (Arachis hypogaea L.), soy beans (Glycine max Merr.), lentil (Lens
culinaris Medix) and clover (Trifolium pretense L. and T. repens L.). Other useful
species are, for examples, licorice (Glycyrrhiza glabra L.), tragacanth (Astragalus
gummifer Lab.) and tolu balsam (Myroxylon balsamum Harm.) are employed in
pharmaceutical formulations, indigo (Indigofera tinctoria L.), which provides blue
dye, and Derris and Lonchocarpus spp., which contain the insecticidal rotenone.

Canavalia rosea (Sw.) DC. (syn. C. maritima Thouars) (Fandn, llﬂ'!,ayﬂ) is a

ground plant of the family Papilionaceae commonly found in coastal sand. It is 6 to
12 inches in height, but can occasionally be found climbing a small tree. It has
evergreen, trifoliate leaves. Leaf-rachis is (inclusive of 2-15 cm petiole) 3 %2 -19 cm
long. Leaflets are obovate or broadly oval, rounded, truncate or emarginated, often
with triangular apical point, 3-15 cm by 2-2 Y2-cm. Small racemes inflorescences
occur among these bright green leaves throughout the year. The flower has 6-26 cm
peduncle; 5-12 cm rachis of raceme,; rarely up to-18 cmlong; 3-12 floriferous
tubercles; 4-6 mm pedicel; 8-11 mm calyx- tube; 4-5 mm upper lip. Corolla is pink to
purple; standard with a white median streak, emarginated; 2 to 2 ¥ cm-long-limbs.
These flowers then turn into robust, woody pods. The pods is linear, straight or
faintly curved, 6-15 cm by 1 % -3 cm, 2-10 seeds (Backer and VVan Den Brink, 1968).
On the Gulf Coast of Mexico, this plant is smoked as marijuana substitute, producing
effect similar to marijuana, but its psychoactive substance have not been isolated. L-

betonicine has been isolated from this plant, however, there is no evidence that this



compound is hallucinogen. Other species of this genus, C. gladiata is used
medicinally. In China, the pods and seeds have tonic, stomachic and bechic
properties and strengthen the kidneys. Ashes of the pods and seeds are in a
preparation to treat lumbago, and in an ointment for swelling. In Indo-China, pods and
young seeds are edible, but ripe seeds soften only imperfectly even after prolonged
cooking. In Indonesia, the seeds, after soaking, are roasted and eaten as delicacies,
also sold in the market as medicine. They contain phytosterols, cystine, canavaline,
arginine, choline, trigonelline, kitogene, and urease. Canavaline is a non-toxic

antibiotic useful in treating certain pneumococci (Perry and Metzger, 1980).

Three other Canavalia species found in Thailand are C. cathartica Thouars e
nsziih), C. ensiformis (L.) DC. (uwn and C. gladiata (Jacqg.) DC. (§m31).

Elateriospermum tapos Blume is another plant investigated in this study. It
belongs to the family Euphorbiaceae, which is a large, worldwide plant family
occasionally with milky juice. The majority of euphorbiaceous species is found in
tropical and subtropical regions. The leaves of these plants are alternate or opposite,
simple or seldom trifoliate or sometimes reduced to scales, mostly stipulated. The
flowers are regular, unisexual, and may occur either on the same plant (monoecious),
as in Euphorbia, or on different plants (dioecious), as in Mercurialis. Their sepals are
valvate or imbricate or in very specialized inflorescences sometimes much reduced or
absent. The flowers usually have five perianth segments, but in some genera (e.g.
Jatropha, Aleurites and Caperonia) petals are also present and in others the perianth
is lacking altogether.” There are one to very numerous stamens, free or connate, with
mostly 2-locular (sometimes 3 or 4-locular) anther. Ovary is superior and usually 3-
locular. The fruits are usually a schizocarp, sometimes a drupe (Heywood, 1978;
Hutchinson, 1959).

The family Euphorbiaceae comprises about 300 genera and 5000 species
(Chayamarit and VVan Welzen, 2005). In Thailand, about 73 genera and 377 species

of this plant family can be found (druwgnumansth’ld dnindnmsthldnsuihld, 2544).
These genera and their approximate number of species (in parenthesis) are as follows.
Acalypha (10) Actephila (3) Agrostistachys (2)

Alchornea (3) Aleurites (1) Antidesma (15)



Aporosa (21)
Baliospermum (5)
Blumeodendron (1)
Chaetocarpus (1)
Chrozophora (1)
Cleidion (1)
Codiaeum (1)
Dalechampia (1)
Endospermum (3)
Euphorbia (29)
Galearia (1)
Homalanthus (1)
Hymenocardia (1)
Macaranga (17)
Margaritaria (1)
Microstachys (1)
Pedilanthus (2)
Ricinus (1)
Sauropus (25)
Spathiostemon (1)
Suregada (1)
Triadica (1)

Baccaurea (11)
Bischofia (1)
Breynia (7)
Chondrostylis (1)
Cladogynos (1)
Cleistanthus (14)
Colobocarpos (1)
Drypetes (16)
Epiprinus (2)
Excoecaria (5)
Glochidion (25)
Homonoia (1)
Jatropha (5)
Mallotus (17)
Megistostigma (1)
Ostodes (1)
Phyllanthus (33)
Sampantaea (1)
Severinia (1)
Strophioblachia (1)
Thyrsanthera (1)

Trigonostemon (13)

Vernicia (2)

Balakata (1)
Blachia (2)

Bridelia (10)
Chorisandrachne (1)
Claoxylon (4)
Cnesmone (3)
Croton (27)
Elateriospermum (1)
Erismanthus (2)
Flueggea (1)

Hevea (1)

Hura (1)

Koilodepas (1)
Manihot (2)
Microdesmis (1)
Paracroton (1)
Ptychopyxis (1)
Sapium (1)
Shirakiopsis (1)
Sumbaviopsis (1)
Trewia (1)

Wetria (1)

This family furnishes several plant species of significant economic importance,

such as para rubber (Hevea brasiliensis Mull.” Arg.), tapioca (Manihot esculenta

Crantz) and physic nut (Jatropha curcas L.). Castor oil is obtained from the seeds of

Ricinus communis L. and a very powerful purgative comes from the seeds of Croton

tiglium L. Kamala is a red dye obtained from the regmata of Mallotus philippensis

Mull.Arg. Plaunotol, an antiulcer drug, can be extracted from the leaves of a Thai

plant, Croton stellatopilosus Ohba.

Elateriospermum tapos Blume, known in Thai as “Pra” or “Kra”, is a tree 27-

50 m in height. In Indonesia, its sticky white latex is used as dressing for wounds and,

in Sarawak, it is applied on the foot as a treatment for cracked sole. Its leaf blade is

elliptic to obovate, 5-24 by 2-7.5 cm, with 1-8 cm long petiole. Its triangular stipule

is 2-3 mm long. The young leaves are red in color. The inflorescence is up to 19 cm



long, hairy, with cymules 0.5-6 cm long. The flowers are white to pale yellow,
fragrant with unpleasant smell. Its flowering indicates the start of the rice season.
The staminate flowers are 2.4-3.5 mm in diameter; their pedicels are 2-7 mm long.
The sepals are ovate, with rounded apex, hairy outside. The disc is 0.8-1.3 mm long.
The stamens are yellow, with filaments of 0.3-2 mm in length. The anthers are about
0.8-1.2 by 0.2-0.4 mm. The pistillate flowers are 3.2-5.3 mm in diameter, and the
pedicels are 1.3-4.2 mm long, hairy. The sepals are ovate, 4.5-8 by 3.2-5.5 mm, with
disc of 1-1.3 mm high. The ovary is 2.5-4 by 2-2.6 mm, densely hairy. The style and
stigma are 0.3-0.5 mm long. Its oblong-ellipsoid fruit is longitudinally 3-grooved,
3.2-5.3 by 2.2-4.5 cm, glabrous. Its color changes from green via red to dark brown.
The seeds are 3.2-3.6 by 1.4-2.2 cm, brownish-grey to dark brown. These seeds
contain hydrocyanic acid and, thus, are poisonous. However, they can be eaten after
being cooked or roasted, although when excess consumption can cause dizziness
(Chayamarit and Van Welzen, 2005).

Preliminary bioactivity screening has revealed that the 95% ethanol extract of
the aerial parts of C. rosea exhibited inhibitory activity of dopamine-1 receptor for
50% and cytotoxicity against human small cell lung cancer (NCI-H187) cell line with
ICso values of 6.30 ug/ml. In addition, the hexane extract of E. tapos leaves exhibited
cytotoxicity against human small cell lung cancer (NCI-H187), breast cancer (BC)
and oral human epidermoid carcinoma (KB) cell lines at ICs, values of 8.53, 7.69 and
3.29 ug/ml, respectively, as well as antimycobacterial activity at MIC value of 12.5
ug/ml.  Therefore, these plants were selected for further investigation of their
bioactive chemical constituents. Therefore, the purposes of this research are as
follows:

1. Isolation ‘and purification of compounds from ‘aerial parts of Canavalia
rosea and Elateriospermum tapos

2. Determination of chemical structures of the isolated compounds

3. Evaluation of biological activities of the isolated compounds



Figure 1. Canavaria rosea (Sw) DC. (http://www.google.com/canavalia)
A. Leaves

B. Inflorescence
C. Flower
D. Pod



Figure 2. Elateriospermum tapos Blume (http://www.google.com/elateriospermum)
A. Whole plant B. Fruitand Seed C. Pistillate flower

D. Staminate flower E. Part of inflorescence



CHAPTER I

HISTORICAL

Canavaria rosea (Sw.) DC. belongs to the family Leguminosae. Plants in this
family contain several characteristic chemical constituents such as guanidine alkaloids,
tetrahydroisoquinoline alkaloids, pterocarpans, aurones and isoflavanoids.

Another plant in this study, Elateriospermum tapos, belongs to the family
Euphorbiaceae. Studies of the chemical constituents of euphorbiaceous plants
revealed the presence of various types of compounds, some of which are bioactive
secondary metabolites displaying bioactivities including antiulcer, anticancer,
antimalarial, antibacterial, antifungal and anti-inflammatory activities.

In this chapter, reviews of guanidine-type alkaloids in higher plants, pimarane
and beyerane diterpenoids in euphorbiaceous plants and cleistanthane diterpenoids in
the plant kingdom, taraxerane triterpenoids and biflavones in the plants, as well as

previously reported chemical constituents of E. tapos, are presented.

Guanidine alkaloids

Guanidine alkaloids are from various natural sources such as terrestrial,
marine and freshwater microorganisms, marine invertebrates, marine sponges and
higher plants. A number of plant families including Amaranthaceae, Compositae,
Ranunculaceae, Euphorbiaceae, Leguminosae, Labiatae, Caryophyllaceae and
Graminae were shown to contain guanidine alkaloids. These compounds were
demonstrated to possess various biological activities. For example, argifin is a
guanidine derivative isolated from the fungi Gliocladium sp. (Berlinck, 2002). Two
guanidine alkaloids from a marine sponge, Theonella aff. mirabilis, were enzyme
inhibitors: tokaramide A was a cathepsin B inhibitor, whereas miraziridine was a
cysteine protease inhibitor (Berlinck, 2002). Neamphamide A, an inhibitor of HIV-1
cytopathic effect, was isolated from the sponge Neamphius huxleyi (Berlinck and
Kossuga, 2005). Cyclotheonamides E4 and E5 are tryptase inhibitors isolated from a
sponge of the genus Ircinia (Berlinck and Kossuga, 2005). Segetalin H possesses an
estrogen-like activity isolated from plant of the family Caryophyllaceae, Vaccaria
segetalis (Berlinck, 1999).



Distribution of guanidine alkaloids in the higher plants is shown in Table 1,

and their structures are shown in Figure 3.

Table 1. Distribution of guanidine alkaloids in higher plants

Compounds Sources Family Part References
Alchorneine (1.1) Alchornea Root bark, | Khuong-Huu et
floribunda leaves al., 1972
Alchornidine (1.2) Euphorbiaceae Leaves
- . . Hart et al.,
Alchornine (1.3) A. javanensis Leaves, 1970
bark
Caracasanamide
Gl (1.9
Caracasanamide
G2 (1.5)
Caracasanamide Verbesina . Fabricant et al.,
G3 (1.6) caracasana ORQRERRE Leaves 2005
Caracasanamide
G5 (1.7)
Caracasanamide
G6 (1.8)
Caracasanamide Galega Leguminosae Whole Benn et al.,
G7 (Galegine) officinalis plant 1996
(1.9) V. caracasana | Compositae .
Fabricant et al.,
Verbena Verbenaceae Leaves 2005
encelioides
Cassiadinine (1.10) | Cassia siamea | Leguminosae Flowers | Biswas and
Mallik, 1986
Celogentin A
(1.11)
Celogentin B Kobayashi et
(1.12) al., 2001
Celogentin C
(1.13)
Celogentin D
(1.14) Celosia
Celogentin E argentea Amaranthaceae Seeds
(1.15)
Celogentin F (1.16) Suzuki et al.,
Celogentin G 2003
(1.17)
Celogentin H
(1.18)
Celogentin J (1.19)
Cimipronidine Cimicifuga Ranunculaceae Roots
(1.20) racemosa Fabricant et al.,
4-Coumaroyl Albizzia Leguminosae Leaves 2005
agmatine (1.21) julibrissin
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Table 1. Distribution of guanidine alkaloids in higher plants (continued)

Compounds Sources Family Part References
4-Coumaroyl Hordeum
agmatine (1.21) bulbosum
H. distichon
H. jubatum Gramineae Seedling | Smith and
H. murinum Best, 1978
H.
spontaneum
5a,9a-Dihydro-5a- Millettia Leguminosae Seeds Ngamga, Free
hydroxy laurentii and Fomum,
millaurine (1.22) 1994
Fontaineine (1.23) Fontainea Euphorbiaceae Leaves Lontsi et al.,
pancheri 1998
4-Hydroxy Galega
galegine (1.24) officinalis L eguminosae Whole Benn et al.,
4-Hydroxy G. orientalis plant 1996
smirnovine (1.25)
Isoalchorneine Alchornea Khuong-Huu et
(1.26) floribunda al., 1972
_ A hirtella . Root bark,
N1,N2-Diisopen- | A. cordifolia | Euphorbiaceae leaves | Mavar-Manga
tenyl guanidine etal., 2008
(Pterogynine)
(1.27)
Leonurine (1.28) Leonu_rl_Js : Whole Yeung et al.,
artemisia Labiatae
T plant 1977
L. sibiricus
Martinellic acid . .
(1.29) .Ma.lrt'ne"? Bignoniaceae Roots Witherup et al,
Martinelline (1.30) (QQilo==lRtE 1995
Millaurine A (1.31) Seeds Ngamga et al.,
Millettia Euphorbiaceae 2007
Millettonine (1.32) laurentii Stem bark | Kamnaing et
al., 1994
Moroidin (1.33) Laportea Labiatae Whole Kobayachi et
moroides plant al., 2001
Segetalin H (1.34) Vaccaria Caryophyllaceae Seeds Fabricant et al.,
segetalis 2005
Spherophysine Galega Whole Benn et al.,
(1.35) orientalis plant 1996
Sphaerophysa Leaves | Southon and
salsula Buckingham,
1989
Smirnovine (1.36) Galega Leguminosae Whole Benn et al.,
orientalis plant 1996
Smirnowia Southon and
turkestana Roots Buckingham,

1989
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Table 1. Distribution of guanidine alkaloids in higher plants (continued)

Compounds Sources Family Part References
Smirnovinine Smirnowia Southon and
(1.37) turkestana Roots | Buckingham,

Leguminosae 1989
Stizolamine (1.38) Stizolobium Seeds | Yoshida, 1976
hassjoo
N1,N2,N3- Leaves, | Mavar-Manga et
Triisopentenyl Alchornea horbi root | al., 2008
guanidine (1.39) cordifolia Euphorbiaceae bark
A. glandulosa Leaves | Calvo etal., 2007

)

JUSS

Alchorneine (1.1)

X

Alchornidine (1.2)

Caracasanamide G1 (1.4)
Caracasanamide G5 (1.7)

OMe

R = prenyl
R=H

Alchornine (1.3)

) H NHR
m ? /r\/ T
BV K. ¥

Figure 3. Chemical structures of guanidine alkaloids from higher plants
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0 N_ K
N N
\O an N
H
H
0] N

/ | \ IIII//W 1/\ JI\JI\H
O /\)\
0 N\F N N
H H
Caracasanamide G2 (1.5)

H
N

J/\/ mNHR

H,N

Caracasanamide G3 (1.6) R = prenyl
Caracasanamide G6 (1.8) R=H

CH,R NH

A
" NH,

Caracasanamide G7 (Galegine) (1.7) R=H

4-Hydroxygalegine (1.24) R=0H

X
N/

0 /

2

N

HO 0~ “CH,

Cassiadinine (1.10)

Figure 3. Chemical structures of guanidine alkaloids from higher plants (continued)
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H
N,
O .
Celogentin A(111) R=H
Celogentin B (1.12) R = Histidine
@)
HN
H
O " o) )\
< HN”" “NH,

COOH

N NH

N

Celogintin D (1.14)

Figure 3. Chemical structures of guanidine alkaloids from higher plants (continued)
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0 Rz
N H H H
/2, N y N
(( N 77NH2
0 O o HN
L9
. VES
A N ON o HNT O
H —
\/K/%/Rl
0]
R; R,
Celogentin E  (1.51) L-Asp H
Celogentin F  (1.16) L-Arg H
Celogentin G (1.17) OH Me
Celogentin H (1.18) L-Asp Me
CelogentinJ - (1.19) L-Arg Me
H NH
2 T
COOH
N N NH

Ir=

2 HO

5a,9a-Dihydro-5a-hydroxymillaurine (1.22)

)/\AN/\/\/HW/ N EME
L e R

HN™" “NH,
4-Hydroxy smirnovine (1.25) R =OH Isoalchorneline (1.26)
Spherophysine (1.33) R=H

Figure 3. Chemical structures of guanidine alkaloids from higher plants (continued)
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OH

OMe

OH
Fontaineine (1.23)

BN

N1,N2-Diisopentenyl guanidine (1.26) R=H
N1,N2,N3-Triisopentenyl guanidine (1.39) R = isopentenyl

OMe
HO H'\'ﬁ/NH2
N~~~
MeO OH

o)
Leonurine (1.28)

Martinellic acid (1.29)

Figure 3. Chemical structures of guanidine alkaloids from higher plants (continued)
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Millaurine A (1.31) Millettonine (1.32)

Moroidin (1.33)

Gly—Tyr
\

Ser Arg
/
\Phe

Segatalin H (1.34)

Figure 3. Chemical structures of guanidine alkaloids from higher plants (continued)
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R
Smirnovine (1.36) Ac
Smirnovinine (1.37) Carboxyacetyl

HNYNHZ
HN.___N
DG
v )

M

e

CH,OH

Stizolamine (1.38)

Figure 3. Chemical structures of guanidine alkaloids from higher plants (coninued)

Pimarane diterpenes of the family Euphorbiaceae

Pimarane diterpenes have been found in a number of plant families such as
Labiatae (e.g. esquirolin B from the aerial parts of Hyptis dilatata and orthosiphons D
and E from the aerial parts of Orthosiphon stamineus) (Takeda et al., 1993; Urones et
al., 1998), Icacinaceae (e.g. icacine and icaceine from the leaves and roots of Icacina
guesfeidtii and-icacenone from the-roots of I. mannii (On’okoko and Vanhaelen, 1980;
On’okoko et al., 1985), Velloziaceae (e.g. compactone from the roots, stem and leaf
sheath-of Vellozia piresiana (Pinto, Peixoto and Fiorani; 1984), Polemoniaceae (e.g.
akhdardiol “from- Polemonium - viscosum) (Stierle, Stierle and Larsen, 1988),
Scrophulariaceae (e.g. lapidate from the aerial parts of Calceolaria lepida) (Chamy et
al., 1990) and Euphorbiaceae.

There have been few reports on the activities of these diterpenoids. Two
pimarane diterpenes, pimaric acid and levopimaric acid, isolated from the roots of
Viguiera arenaria (Compositae), were shown to exhibit inhibitory activity on the
aggregation of rabbit platelets induced by platelet-activating factor (PAF), adenosine
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diphosphate (ADP) and a calcium ionophore, while another pimarane diterpene,
pimaradienoic acid, displayed inhibitory effect on vascular contractility by blocking
extracellular calcium ion influx (Ambrosio et al., 2006).

Distribution of pimarane diterpenes in euphorbiaceous plants is summarized in

Table 2, and their structures are shown in Figure 4.

Table 2. Distribution of pimarane diterpenes in euphorbiaceous plants

Compound Source Plant part References
Ent-120a,16-dihydroxy-
13[R]-pimar-8(14)-ene-
3,15-dione (2.1)
Ent-123-hydroxy
methyl-3-0x0-16-nor
pimar-8(14)-ene-15,21-
carbolactone (2.2)
Ent-16-hydroxy-13[R]-
pimar-8(14)-ene-3,15-

Euphorbia fidjiana | Heartwood | Lal et al., 1990

dione (2.3)

Ent-pimara-8(14),15- E. characias Leaves and | Appendino et al.,

dien-3B-ol (2.4) stem 2000

3B-Hydroxy-19-0O- o

acetyl-pimara-8(9),15- Croton joufra Leaves | outtnivaiyakitet
- al., 2001

dien-7-one (2.5)

Macarangonol (2.6) Macaranga tanarius Stem Hui et al., 1971

Petalost!gmone A (2.7) Petalostigma Heartwood | Grace et al., 2006

Petalostigmone B (2.8) pubescens

Oblongifoliol (2.9) Croton oblongifolius Stem bark | Rao et al., 1968

3B,15C,16-Triacetoxy
plmara-8(14)jene (2.10) - . Leaves and | Appendino et al.,
3.5, 15¢,16-Triacetoxy Euphorbia characias stem 2000
pimara-8(14)-en-2-one
(2.11)

Yucalexin P-4 (2.12)
Yucalexin P-8 (2.13)
Yucalexin P-10 (2.14)
Yucalexin P-12 (2.15) . Sakai and
Yucalexin P-13 (2.16) Manihot esculenta Roots Nakagawa, 1988
Yucalexin P-15 (2.17)
Yucalexin P-17 (2.18)
Yucalexin P-21 (2.19)
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Ent-12a,16-dihydroxy-13[R]-pimar-8(14)-ene-3,15-dione (2.1)
Ent-16-hydroxy-13[R]-pimar-8(14)-ene-3,15-dione (2.3)

2

1

-

0]

17

19

Ent-pimara-8(14),15-dien-3B-ol (2.4)

17

HO

* \—0cocH,

18 19

3B-Hydroxy-19-0O-acetyl-pimara-8(9),15-dien-7-one (2.5)

Figure 4. Chemical structures of pimarane diterpenes in euphorbiaceous plants
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Macarangonol (2.6)

Petalostigmone A (2.7) Petalostigmone B (2.8)

“CH,OH

Oblongifoliol (2.9)

17 OAC

OAc
R
3B,15C,16-Triacetoxypimara-8(14)-ene (2.10) H, H
3p,15£,16-Triacetoxypimara-8(14)-en-2-one (2.11) =0

Figure 4. Chemical structures of pimarane diterpenes in euphorbiaceous plants
(continued)



Yucalexin P-4 (2.12) Yucalexin P-8 (2.13)

Yucalexin P-10 (2.14) Yucalexin P-12 (2.15)

Yucalexin P-13 (2.16) Yucalexin P-15 (2.17)

OH

HO™

Yucalexin P-17 (2.18) Yucalexin P-21 (2.19)

Figure 4. Chemical structures of pimarane diterpenes in euphorbiaceous plants

(continued)
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Beyerane diterpenes of the family Euphorbiaceae

Beyerane diterpenes were reported to be constituents of a number of plant
families, including Euphorbiaceae, Compositae (e.g. nidoanomalin from the aerial
parts of Nidorella anomala and beyerenic acid from the aerial parts of Stevia aristata)
(Bohlmann and Wegner, 1982; Zdero, Bohlmann and Schmeda-Hirschmann, 1987),
Labiatae (e.g. beyerenic acid from Perymenium klattianum; benuol, tobarrol and
conchitriol from the aerial parts of Sideritis reverchonii; pusillatetrol from the aerial
parts of Sideritis valverdei) (De Quesada, Rodri'quez and Valverde, 1974; Mar'quez
et al., 1975; Bohlmann, Jakupovic and Schuster, 1985), Umbelliferae (e.g. elasclepial
and elasclepic acid from the roots of Elaeoselinum asclepium) (Grande, Mancheno,
and Sanchez, 1991), Erythroxylaceae (e.g. erythroxylol A and its malonate derivative
from the timber of Erythroxylum monogynum) (Martin’, Rovirosa and Castillo, 1983),
and Solanaceae (e.g. ent-19-hydroxy-17-acetoxybeyer-15-ene from the aerial parts of
Petunia patagonica) (Guerreiero, De Fernandez and Giordano, 1984).

Distribution of beyerane diterpenes in plants of the family Euphorbiaceae is
presented in Table 3, and their structures are shown in Figure 5. Several of these

compounds are seco-ring A diterpenes, either between positions 2,3 or 3,4.

Table 3. Distribution of beyerane diterpenes in plants of the family Euphorbiaceae

Compound Source Plant part References
Agallochin H (3.1) Excoecaria agallocha Wood Konishi et al., 2003
E rzllt-fe(éé)l-i;j-ggderr%)r(\)-/- Beyeria calycina Whole | Ghisalberti, Jefferies

B y plant and Sefton, 1978
3-oic acid (3.2)
Ent-15-epoxy- E. agallocha Wood | Konishi et al., 2003
beyerane-3a-0l (3.3)
(4S)-Ent-18-hydroxy-
3,4-seco-beyer-15-
ene-3,17-dioate (3.4) . . .
(45)-Ent-18-hydroxy- B. calycina Vg/li;(;lte gl;galbertl etal.,
3,4-seco-beyer-15-
ene-3,17-dioic acid
(3.5)
Ent-12-0x0-2,3-seco-
beyer-15-ene-2,3-dioic E. agallocha Wood Konishi et al., 2003
acid (3.6)
Yucalexin B-5 (3.7)
iﬂgg:gi:z g; gg; Manihot esculenta Roots i’ggg' and Nakagawa,
Yucalexin B-11 (3.10)
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Table 3. Distribution of beyerane diterpenes in plants of the family Euphorbiaceae
(continued)

Compound Source Plant part References

Yucalexin B-14 (3.11)

Yucalexin B-16 (3.12)

Yucalexin B-18 (3.13) Manihot esculenta Roots Sakai and Nakagawa,

Yucalexin B-20 (3.14) 1988

Yucalexin B-22 (3.15)

Ent-6a,17-dihydroxy-3,4-seco-15-beyeren-3-oic acid (3.2)

Ent-15-epoxy-beyerane-3a.-ol (3.3)

COOR

COOR

CH,OH

(4S)-Ent-18-hydroxy-3,4-seco-beyer-15-ene-3,17-dioate (3.4) R =Me
(4S)-Ent-18-hydroxy-3,4-seco-beyer-15-ene-3,17-dioic acid (3.5) R=H

Figure 5. Chemical structures of beyerane diterpenes in euphorbiaceous plants




Ry R> R3
Yucalexin B-5 (3.7) = S =
Yucalexin B-9 (3.9) = 3-OH =
Yucalexin B-18 (3.13) = -OH 3-OH
Yucalexin B-20 (3.14) = 3-OH o-OH
Yucalexin B-22 (3.15) a-OH 3-OH =

0]

”
‘

Yucalexin B-7 (3.8) Yucalexin B-11 (3.10)

-
-
-

R
Yucalexin B-14 (3.11) OH
Yucalexin B-16 (3.12) =0

Figure 5. Chemical structures of beyerane diterpenes in euphorbiaceous plants
(continued)
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Cleistanthane diterpenes in plant kingdom
Distribution of cleistanthane diterpenes in the plants is shown in Table 4, and
their structures are presented in Figure 6.

Table 4. Distribution of cleistanthane diterpenes in plants

Compound Source Family Plant part References
20-Carboxalde-
hyde-8,11,13-
cleistanthatrien- Vellozia Pin_to, I_:)e A.
7-one (4.1) declinans Epifanio and
6,8,11,13-Cleis- Pizzolatii, 1992
tanthatetraene
(4.2)
1,8,11,13-Cleis- Pinto, Peixoto
tanthatetraen- V. piresiana and Fiorani,
3,7-dione (4.3) 1984
8,11,13-Cleistan- Pinto, De A.
thatriene (4.4) V. declinans Epifanio and

Pizzolatii, 1992

8,11,13-Cleistan-

thatrien-17-al Pinto et al.,
(Veadeiral) 1995

(4.5)

(4R,5S,109)-

Cleistantha-8,11, Pinto et al.,
13-trien-19-al V. flavans 1987

(4.6) Roots,
8,11,13-Cleistan- Velloziaceae stem, leaf
tha’grlen-_l7,19- sheath Pinto et al..
dioic acid 1995
dimethyl ester

(4.7

8,11,13-Cleistan- Pinto et al
thatrien-3,7- V. piresiana 1984 N
dione (4.8)

8,11,13-Cleistan-
thatrien-17-oic

acid V. flavans Eggg etal,
(Veadeiroic acid)

(4.9

(4R,5S,10S)-

Cleistantha- V. flavicans Pinto et al.,
8,11,13-trien-19- ' 1987

oic acid (4.10)

8,11,13-

Cleistanthatrien- .

17-oic acid V. flavans Egg etal.,

methy| ester
(4.11)
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Table 4. Distribution of cleistanthane diterpenes in plants (continued)

Compound

Source

Family

Plant part

References

8,11,13-
Cleistanthatrien-
17-ol
(Veadeirol)
(4.12)

8,11,13-
Cleistanthatrien-
19-oic acid
methy| ester
(4.13)

V. flavans

(4R,5S,109)-
Cleistantha-
8,11,13-trien-19-
ol (4.14)

V. flavicans

8,11,13-Cleistan-
thatrien-7-one
(4.15)

V. declinans

V. compacta

8,11,13-Cleistan-
thatrien-7-one-
17-oic acid (4.16)

8,11,13-Cleistan-
thatrien-7-one-
19-oic acid (4.17)

8,11,13-Cleistan-
thatrien-7-one-
17-oic acid
methy| ester
(4.18)

8,11,13-Cleistan-
thatrien-7-one-
19-oic acid
methy| ester
(4.19)

V. flavans

Cleistantha-8,11,
13-triene-7-one-
19,208-olide
(4.20)

V. compacta

Velloziaceae

Roots,
stem, leaf
sheath

Pinto et al.,
1995

Pinto et al.,
1987

Pinto et al.,
1992

Riehl and Pinto,
2000

Pinto et al.,
1995

Riehl and Pinto,
2000

Cleistanthol
(4.21)

Phyllanthus
oxyphyllus

Euphorbiaceae

Roots

Sutthivaiyakit
etal., 2003

(5S,7S,10R)-
70,16,7p,20-
Diepoxycleistan
tha-1,8,11,13-
tetraen-3-one
(4.22)

V. declinans

V. compacta

Velloziaceae

Roots,
stem, leaf
sheath

Pinto et al.,
1992

Riehl and Pinto,
2000




27

Table 4. Distribution of cleistanthane diterpenes in plants (continued)

Compound

Source

Family

Plant part

References

(5S,7S,10R)-
70,16,7p3,20-
Diepoxycleistan
tha-8,11,13-
trien-3-one (4.23)

7,16-Epoxy-20-
nor-1,5,7,9,11,
13-cleistantha
hexaen-3-one
(4.24)

7,16-Epoxy-20-
nor-5,7,9,11,
13-cleistantha
pentaene (4.25)

7,16-Epoxy-20-
nor-5,7,9,11,13-
cleistanthapenta
en-3-one (4.26)

(5S,7S,109)-7p-
Hydroxy-8,11,
13-cleistantha-
triene (4.27)

20-Hydroxy-
8,11,13-Cleistan-
thatrien-7-one
(4.28)

(3S,5S5,7S,10R)-
3B-Hydroxy-
70,16,7p,20-
diepoxycleistan
tha-8,11,13-trien
(4.29)

V. declinans

Velloziaceae

Roots,
stem, leaf
sheath

Pinto et al.,
1992

3,4-Seco-
sonderianol
(4.30)

Sonderianol
(4.31)

Croton
sonderianus

Petalostigma
pubescens

Spruceanol
(4.32)

Phyllanthus
oxyphyllus

Euphorbiaceae

Heartwood

Craveiro and
Silveira, 1982

Grace et al.,
2006

Roots

Sutthivaiyakit et
al., 2003




R
20-Carboxaldehyde-8,11,13-cleistanthatrien-7-one (4.1) CHO
8,11,13-Cleistanthatriene (4.4) CHs
(5S,105)-8,11,13-Cleistanthatrien-7-one (4.15) CHs
(5S,7S,109)-7pB-Hydoxy-8,11,13-cleistanthatriene (4.27) CHs
20-Hydroxy-8,11,13-cleistanthatrien-7-one (4.23) CH,OH

1,8,11,13-Cleistanthatetraen-3,7-dione (4.3)

8,11,13-Cleistanthatrien-17-al (4.5)
8,11,13-Cleistanthatrien-17-oic acid (4.9)
8,11,13-Cleistanthatrien-17-oic acid methyl ester (4.11)
8,11,13-Cleistanthatrien-17-ol (4.12)

Figure 6. Chemical structures of cleistanthane diterpenes in plants

@)
H, H

B-OH, H
0

R

CHO
COOH
COOMe
CH,OH

28
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R
(4R,5S,10S)-Cleistantha-8,11,13-trien-19-al (4.6) CHO
(4R,5S,10S)-Cleistantha-8,11,13-trien-19-oic acid (4.10) COOH
(4R,5S,10S)-Cleistantha-8,11,13-trien-19-ol (4.15) CH,OH

8,11,13-Cleistanthatrien-19-oic acid methyl ester (4.13) COOMe

COOMe

MeooG’

8,11,13-Cleistanthatrien-17,19-dioic acid dimethyl ester (4.7)

8,11,13-Cleistanthatrien-3,7-dione (4.8)

COOR

R
8,11,13-Cleistanthatrien-7-one-17-oic acid (4.16) H
8,11,13-Cleistanthatrien-7-one-17-oic acid methyl ester (4.18) CHs

Figure 6. Chemical structures of cleistanthane diterpenes in plants (continued)
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rooc’

8,11,13-Cleistanthatrien-7-one-19-oic acid (4.17) H
8,11,13-Cleistanthatrien-7-one-19-oic acid methyl ester (4.19) CHs

Cleistantha-8,11,13-trien-7-one-19,20B-olide (4.20) Cleistanthol (4.21)

R
(5S,7S,10R)-70.,16,7p3,20-Diepoxycleistantha-8,11,13-trien-3-one
(4.23) o)
(3S,5S,7S,10R)-3p-Hydroxy-7a,16,7[3,20-diepoxycleistantha-
8,11,13-triene (4.29) -OH, H

Figure 6. Chemical structures of cleistanthane diterpenes in plants (continued)
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7,16-Epoxy-20-nor-5,7,9,11,13-cleistanthapentaen-3-one (4.26)

OH
=
MeOOC
3,4-Seco-sonderianol (4.30) Sonderianol (4.31)
OH
5z
HO

Spruceanol (4.32)

Figure 6. Chemical structures of cleistanthane diterpenes in plants (continued)
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Taraxerane triterpenes in the plant kingdom

Triterpenoids are isopentenoids composed of thirty carbon atoms and may
possess acyclic, mono-, di-, tri-, tetra- or pentacyclic carbon skeletons. Pentacyclic
triterpenoids are dominant constituents of this class and have been widely investigated.
Some of these terpenoids displayed potential as candidates for drug development. For
example, the lupane-type triterpene betulinic acid exhibited significant antimalarial
activity both in vitro and in vivo (Steele et al., 1999). The compound is also
selectively cytotoxic against melanoma, neuroectodermal and malignant brain tumor
cell lines (Zuco et al., 2002). Other types of triterpenoids have also been reported as
cytotoxic, for example, the cycloartane-type triterpenes, cycloart-23-ene-3(3,25-diol
and cycloart-25-ene-3f3,24-diol, isolated from Euphorbia pulcherrima, were cytotoxic
against Ehrlich ascites tumor cells (Smith et al., 1996).

Taraxerane-type triterpenoids were found in various plant families, and some
of them have been reported as being cytotoxic. An example is seco-3,4-taraxerone
which displayed in vitro cytotoxic activity against Hep-G2 and A-431 human cancer
cell lines and were potent inhibitors of topoisomerase Il (Setzer et al., 2000). Another
taraxerane triterpene, aleuritolic acid, demonstrated DNA ligase inhibitory activity
(Tan et al., 1996). The distribution of this type of triterpenoids in higher plants is

presented in Table 5, and their structures are shown in Figure 7.

Table 5. Distribution of taraxerane triterpenes in higher plants

Compound Source Family Plant part References

3p-acetoxy-

11la, 120

epoxy-14-

taraxerene (5.1) Ficus Aerial Chiang et al.,

3p-acetoxy- microcarpa Moraceae roots | 2005

1la, 12a-

epoxy-16-0xo-

14-taraxerene

(5.2)

Acetyl Alchornea Leaves, | Mavar-Manga

aleuritolic acid cordifolia root bark | et al., 2008

3) Cc:g?glciﬂlsus Euphorbiaceae Stem i;gg‘ etal,
Croton Bark Maciel et al.,
cajucara 1998.
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Table 5. Distribution of taraxerane triterpenes in higher plants (continued)

Compound Source Family Plant part References
Acetyl Boonyarathana-
aleuritolic acid | C. crassifolius kornkit et al.,
(5.3) 1988

Roots Bandara,
C. lacciferus Wimalasiri and
Macleod, 1988
C. Addae-Mansah
megalocarpus _ Bark etal., 1992
C. oblongifolius FHphpipiaceae Bandopadhyay
) etal., 1972
Jatropha . Pertino et al.,
saboli Rhizome | 5507
Mallotus Bark Bandopadhyay
philippinensis etal., 1972.
Maprounea ROOtS Chaudhuri
africana et al., 1995
Phytolacca Woo and
americana Wagner, 1977
P. esculena | | ytolaccaceae | Seeds  \yon ang Sam,
1985.
Sapium Stem, Ray, Misra and
baccatum Euphorbiaceae trunk bark | Khastgir, 1975
S. pachystachys, i Siems et al.,
S. rigidifolium B 1993
3-Acetyl Won and Sam,
myricardiol P. esculenta | Phytolaccaceae Seeds 1985
(5.4)
29-Acetyl-14- - . :
Taraxeren-3- L'TS::J:US Fagaceae Stem Tgu; 6at? dLi,
one (5.5)
Aleuritolic acid Aleurites n.i. Misra and
(5.6) montana Khastgir, 1970
Euphorhia Haba et al.,
guyoniana 2007
Maprounea Roots Chaudhuri
africana etal., 1995
. Euphorbiaceae Pradhan, Amer
Sapium
baccatum Nath and
Bark Shoolery, 1984
. Pradhan et al.,
S. sebiferum 1984
Baccatin (5.7) . Sahaet al.,
S. baccatum n.i. 1977

n.i. = not indicated
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Table 5. Distribution of taraxerane triterpenes in higher plants (continued)

Compound Source Family Plant part References
3B-E-Caffeoyl Laphookhieo,
taraxerol (5.8) Rhizophora Rhizophoraceae Fruits Karalai and
3p-Z-Caffeoyl mucronata Ponglimanont,
taraxerol (5.9) 2004
Careaborin Bridelia . Pegel and
(5.10) micrantha Euphorbiaceae Wood Rogers, 1968

Talapatra,
Careya arborea | Lecythidaceae Basak and
Leaves | Talapatra, 1981
(C;ig:areaborln R. apicalata Rhizophoraceae éﬁg\?;sli?ir,]dlwo
1B,2a-
Dihydroxyaleu .
ri_tolic acid 2,3- M;;;irg;r?:a Euphorbiaceae Roots ;h;lidyggg
bis-p-hydroxy
benzoate (5.12)
Epiacetyl
aleuritolic acid
(5.13) Phyt_olacca Phytolaccaceae Berries Razdan etal.,
Epialeuritolic ggingea 1982
acid (5.14)
3-Epitaraxerol Euphorbia Latex Bani et al.,
(Isotaraxerol) royleana 2005
(5.15) Excoecaria Leaves | Hui and Sung,
agallocha Euphorbiaceae 1968
Macaranga Stem Markstadter
tanarius et al., 2000
M. triloba Leaves | Jangetal., 2004
Skimmia Rutaceae Stem, Ray et al., 1975
wallichii trunk bark
Epitaraxeryl Melaleuca Myrtaceae Leaves, | Huiand Li,
acetate (5.16) leucadendron stem 1976a
Euphorginol Euphorbia ) Rasool, Khan
51 Grucalli - | Euphorbiaceae | Stem bark | 20U i ogg
Herranone ’ _ Wied
5.18 errania : iedemann
§-|err)antrione cuatrecasana FTPreqe MEopd etal., 1999
(5.19)
1B-Hydroxy Beutler et al.,
aleuritolic acid Maprounea 1995;
3-p-hydroxy africana Chaudhuri
benzoate (5.20) Euphorbiaceae Roots et al., 1995
20-Hydroxy M. africana
aleuritolic acid ' M ’ Beutler et al.,
2-p-hydroxy membranacea 1995

benzoate (5.21)
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Table 5. Distribution of taraxerane triterpenes in higher plants (continued)

Compound Source Family Plant part References
20.-Hydroxy
aleuritolic acid Beutler et al.,
3-p-hydroxy 1995
benzoate (5.22)
20-Hydroxy
aleuritolic acid
2,3-bis-p-
hydro- M. africana Roots
Xybenzoate Chaudhuri
(5.23) etal., 1995
8a-Hydroxy Euphorbiaceae ’
aleuritolic acid
2B-p-hydroxy
benzoate (5.24)
3-(4-Hydroxy-
benzoyl)
. M. Beutler et al.,
aleuritolic acid o afandcds Bark 1995
(5.25)
7B-Hydroxy-
maprounic acid . Chaudhuri
3-p-hydroxy- M. africana Roots et al.. 1995
benzoate (5.26)
14-Hydroxy 3-
taraxeranone
(5.27) Lithocarpus Famioeas Stem Hui and Li,
29-Hydroxy- cornea g 1976b
14-Taraxeren-
3-0ne (5.28)
Marsformoxide Marsdenia : ‘ Ito and Lai,
B (5.30) o rosana Asclepiadaceae | Dried herb 1978
Miricolone Sakurai,
(5.31) Myrica rubra Myricaceae Stem bark | Yaguchi and
Inoue, 1987
Myricardiol Lithocarpus Fagaceae Ster Hui and Li,
(5.32) cornea g 1976b
Maytenus Gonzélez et al.,
umbellata Celastraceae Roots 1986
Myrica rubra Myricaceae Stem bark fglggral etal,
Tamarix Tamaricaceae Merfort et al.,
|\/|" aphylla Bark 1992
5 %/;cetrlone Myrica rubra Myricaceae Tao et al., 2002
11a,120- . Tanaka et al.
) Euphorbia . '
Oxido- chamaesyce Euphorbiaceae Seeds 1994

taraxerol (5.34)
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Table 5. Distribution of taraxerane triterpenes in higher plants (continued)

Compound Source Family Plant part References
11a,120- Whole Tanaka and
Oxido- E. supina Euphorbiaceae herb Matsunaga,
taraxerol (5.34) 1988
Phytolaccanol Phytolacca Phvtolaccaceae Berries Razdan et al.,
(5.35) acinosa y 1982
Sawamilletin Bosistoa Croft, Ritchie
(5.36) o . Rutaceae Leaves | and Taylor,

sapindiformis 1975
Saccharum . Bryce et al.,
officinacds Graminae Stem wax 1967
Sebiferenic Sapium Bark Pradhan et al.,
acid (5.37) sebiferum : 1984
3,4-Seco- Aokt Euphorbiaceae Setzer et al.,
taraxerone latifolia 2000
(5.38)
1,14-Taraxera-
. Quercus Leaves
dien-3-one . . i
(5.39) bambusaefolia, Hui and Li,
.Q' J Fagaceae 1977b
myrsinaefolia
3,14-Taraxe- Lithocarpus Stem Hui and Li,
ranediol (5.40) cornea 1976b
14-Taraxeren- Polypodium .
7-ol (5.41) amamianum, Polypodiaceae | Rhizome f‘gg;éa and Arai,
P. niponicum
14-Taraxeren- Vernonia . Misra et al.,
23-0l (5.42) cinerea COlECEEE proots 1984
14-Taraxerene Ficus Moraceae Aerial Chiang et al.,
(5.43) microcarpa roots 2005
14-Taraxerene- . .

) Parson Ogihara et al.,
3,24-diacetate Iazvsi(g)ag Apocynaceae Leaves 19987
(5.44)
14-Taraxerene- . . .

) Lithocarpus Hui and Li
3,29-diacetate Stem '
(5.45) cornea Fagaceae 1976b
14-Taraxerene- Quercus Hui and Li,
3,16-diol (5.46) | bambusaefolia | &des 1977b
14-Taraxerene- Parsonia ADOCYNaceae Ogihara et al.,
3,24-diol (5.47) laevigata pocy 1987
14-Taraxerene- Lithocarpus Fagaceae Stem Hui and Li,
3,29-diol (5.48) cornea g 1976b
14-Taraxerene- Phytolacca Phvtolaccaceae Berries Razdan et al.,
3,30-diol (5.49) acinosa y 1982
14-Taraxerene- . .

. Quercus Hui and Li,
3,16-dione bambusaefolia Fagaceae Leaves 1977b

(5.50)
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Table 5. Distribution of taraxerane triterpenes in higher plants (continued)

Compound Source Family Plant part References
12_;2;%?;3” Polysp;)%(?llum Polypodiaceae | Rhizome ?gggéa and Aral,
14-Taraxeren-
24-oic acid Daphne Thymilliaceae Aerial Katti and
(Taraxeric papyracea parts Tandon, 1979
acid) (5.52)

Taraxerol Aesculus Hippocastana- Stankovic,
(5.53) hippocastanum ceae Seeds Bastic and
Jovanovic, 1985
Alchornea L eaves Setzer et al.,
latifolia : 2000
= Euphorbiaceae
Bridelia Wood Pegel and
micrantha Rogers, 1968
oblongum \ etal., 1998
Guttiferae
Dharmaratne
C. moonii Root bark | and Wijesinghe,
1997
Canarium Blscrackas Bark, Bandaranayake,
zeylanicum timber | 1980
ch?lgrsla?asw Campanulaceae Roots \I\é%gg etal,
Croton : Banerji, Nandi
Euphorbiaceae | Stem bark | and Kundu,
caudatus
1988
Daphne Thymelaeaceae Aerial Katti and
papyracea parts Tandon, 1979
Diospyros
hirsuta,
D. moonii
D. quaesita, Ebenaceas Bark, Herath et al.,
D. spinescens, timber | 1978
D. thwaitesii,
D. walkeri,
Diospyros sp.
. Manguro,
ng%e;:aari Myrsinaceae Leaves | Okwiri and
Lemmen, 2006
Euphorbia Stem Zhi-Daet al.,
antiquorum Euphorbiaceae 1989
E. pilulifera Leaves, AFaIIah and
stem Nicholas, 1972
: . Sacilotto,
pGoE/Cr;]Q?pt)ﬁa Compositae Apzrr![? Vichnewski and
Herz, 1997
Hoya lacunosa | Asclepiadaceae Leaves | Baas, 1983
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Table 5. Distribution of taraxerane triterpenes in higher plants (continued)

Compound Source Family Plant part References
Taraxerol Lithocarpus Hui and Li,
(5.53) polystachya Fagaceae Stem 1977a

Macaranga Markstadter
tanarius Euphorbiaceae et al., 2000
M. triloba Leaves | Jangetal., 2004
Mimusops Misra and
Bark .
hexandra Mitra, 1966
Sapotaceae -
M. hexandra Leaves, | Misraand
' roots Mitra, 1968
Myrica rubra Myricaceae Bark Tao et al., 2002
_ S Jiang et al.,
Opuntia dillenii Cactaceae Stem 2006
Quercus robur Fagaceae Prasad, Muller
g Leaves | 2nd Gilz, 1990
Rhizophora RAizbBhoradase Kokpol and
apiculata P Chavasiri, 1990
. . ’ Leaves, | Huiand Sung,
Sapium discolor | Euphorbiaceae stem 1968
Skimmia Rutaceae Stem, Ray et al., 1975
wallichii trunk bark
Strobilanthes Adhtnifhcoke Aerial Singh, Sahu and
callosus parts Sharma, 2002
Padmaja,
Uvaria hookeri Thank_amany
Annonaceae Root bark and Hisham,
1993
U. narum Hisham et al.,
' 1991
Vaccinium Under- Sheth et al.,
membraneceum, ground
e . 1968
V. parvifolium Ericaceae part
Taraxerone Agauria Bark Gregoire and
(5.54) salicifolia Nyembo, 1977
Alchornea L eaves Setzer et al.,
Iat-|foll'a Euphorbiaceae 3900
Bridelia Wood Pegel and
micrantha Rogers, 1968
Caloohvilum Dharmaratne
pny” Guttiferae Root bark | and Wijesinghe,
moonii
1997
Canarina Gaydou, Faure
. Campanulaceae | Leaf wax | and Wollen-
canariensis
weber, 1996
Croton . Banerji et al.,
caudatus Euphorbiaceae | Stem bark 1088
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Table 5. Distribution of taraxerane triterpenes in higher plants (continued)

Compound Source Family Plant part References
Taraxerone - Juneja, Sharma
(5.54) Cﬁm:r'\(tm:nm Orchidaceae Wlholte and Tandon,

gigantu Plant 1 1085

Daphne Thymelaeaceae Aerial Katti and
papyracea parts Tandon, 1979
Diospyros

hirsuta,

D. moonii,

D. quaesita, Ebenaceae Bark, Herath et al.,
D. spinescens, timber | 1978
D. thwaitesii,

D. walkeri,
Diospyros sp.

Embelia Myrsinaceae L eaves Manguro et al.,
schimperi 2006
Euphorbia Stem Anjaneyulu and

antiquorum Ravi, 1989
Epilulifera \ Leaves, AFaIIah and
Euphorbiaceae stem Nicholas, 1972
Lima, Medeiros
E. stygiana Leaves | and Davin,
2003
Litflocgfpus Fagaceae Leaves, Hui et al., 1975
spp. stem
Macaranga . Markstadter
tanarius SR Stem et al., 2000
Myrica rubra Myricaceae Stem bark fglggrm etal,
Neolitsea Lol ROOtS Li and Duh,
villosa 1993
Huneck,
Pertusaria P . Tonsberg and
ophthalmiza Aysprlacege WH Bohlmann,
ole
plant 1986
Polygonum Rathore,
nepalénse Polygonaceae Sharma and
Tandon, 1986

Skimmia Rutaceae Stem, Ray et al., 1975
wallichii trunk bark
Vaccinium Under- | Sheth et al.,

membranaceum Ericaceae ground | 1968
V. parvifolium part
Taraxerone Vellozia Roots, Pinto, Peixoto
(5.54) iresiana Velloziaceae | stem, leaf | and Fiorni,
P sheath | 1984
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Compound Source Family Plant part References
Taraxeryl Cissus Vitaceae Aerial Gupta and
acetate (5.55) quadrangularis parts Verma, 1991

Codonopsis Wang et al.,
pilosula Campanulaceae Roots 1995
Croton . Banerji et al.,
caudatus Euphorbiaceae | Stem bark 1088
Daphne Thvmelaeaceae Aerial Katti and
papyracea y parts Tandon, 1979
. Matsunaga,
e | Tama
Euphorbiaceae Akagi, 1988
E. stygiana Leaves Lima etal,
= 2003
Mimusops Misra and
hexandra SRR Bark Mitra, 1966
AcO
3p-acetoxy-11a,12a-epoxy-14-taraxerene (5.1) H H

3p-acetoxy-11a,12a-epoxy-16-o0xo0-14-taraxerene (5.2)

Acetyl aleuritolic acid (5.3)

Aleuritolic acid (5.6)
Epiacetyl aleuritolic acid (3a.-form) (5.13)
Epialeuritolic acid (3a-form) (5.14)
3-(4-Hydroxybenzoyl) aleuritolic acid (5.25)

3-(4-Hydroxybenzoyl)

Figure 7. Chemical structures of taraxerane triterpenes in plants



R
3-Acetyl myricadiol (5.4) OAc
Miricolone (5.31) =
Myricadiol (5.32) OH

R>
29-Acetyl-14-taraxerene-3-one (5.5) = Ac
29-Hydroxy-14-taraxeren-3-one (5.28) = H
14-Taraxerene-3,29-diacetate (5.45) OAc Ac
14-Taraxerene-3,29-diol (5.48) OH H

R
3B-E-Caffeoyltaraxerol (5.8) Caffeoyl (E-)
3B-Z-Caffeoyltaraxerol (5.9) Caffeoyl (Z-)
Careaborin (5.10) 4-Hydroxycinnamoyl (E-)
cis-Careaborin (5.11) 4-Hydroxycinnamoyl (Z-)
Sawamilletin (5.36) Me
Taraxerol (5.53) H
Taraxeryl acetate (5.55) Ac

Figure 7. Chemical structures of taraxerane triterpenes in plants (continued)
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A = O-p-hydroxybenzoyl

R1 R Rs R4
1pB,2a-Dihydroxyaleuritolic acid 2,3-bis-

p-hydroxybenzoate (5.12) OH A A H
1B-Hydroxyaleuritolic acid 3-p-hydroxy

benzoate (5.20) OH H A H
2a.-Hydroxyaleuritolic acid 2-p-hydroxy

benzoate (5.21) H A OH H
2a-Hydroxyaleuritolic acid 3-p-hydroxy

benzoate (5.22) H OH A H
2a-Hydroxyaleuritolic acid 2,3-bis-

p-hydroxybenzoate (5.23) H A A H
3a-Hydroxyaleuritolic acid 23-p-hydroxy

benzoate (5.24) H A oa-OH H
17p-Hydroxyaleuritolic acid 3-p-hydroxy

benzoate (5.26) H H A OH

RO

R
3-Epitaraxerol (5.15) H Euphorginol (5.17)
Epitaraxeryl acetate (5.16) Ac

Figure 7. Chemical structures of taraxerane triterpenes in plants (continued)
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R
14-Hydroxy-3-taraxeranone (5.27) Marsformoxide B (5.30) Ac
11a,120-Oxidotaraxerol (5.34) H
+, ,CH,OH

OH

-
-

Myricetrione (5.33) Phytolaccanol (5.35)

Sebiferenic acid (5.37) 3,4-Seco-taraxerone (5.38)

Figure 7. Chemical structures of taraxerane triterpenes in plants (continued)
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1,14-Taraxeradien-3-one (5.39) 3,14-Taraxeranediol (5.40)

CH,OH

14-Taraxeren-7-ol (5.41) 14-Taraxeren-23-ol (5.42)

-, RO ”/
% CH,OR
14-Taraxerene (5.43) 14-Taraxerene-3,24-diacetate (5.44) R = Ac
14-Taraxerene-3,24-diol (5.47) R=H

~ -
- -

14-Taraxerene-3,16-diol (5.46) 14-Taraxerene-3,16-dione (5.50)

Figure 7. Chemical structures of taraxerane triterpenes in plants (continued)
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Hooc” =

14-Taraxeren-16-one (5.51) Taraxeric acid (5.52)

-
-

Taraxerone (5.54)

Figure 7. Chemical structures of taraxerane triterpenes in plants (continued)

Biflavonoids

Biflavonoids are flavonoid dimers that include flavone-flavone, flavanone-
flavone, flavanone-flavanone, isoflavone-flavone, flavone-chalcone, flavanone-aurone
subunit connected with a C-C or C-O-C bond. More than 100 biflavonoids have been
identified from plants since the isolation of ginkgetin in 1929. A variety of biological
activities for . biflavonoids have been published, including anti-inflammatory,
antimicrobial, antioxidant, anti-HIV-1, anti-HBV, and others.~ A review of
biflavonoids focusing on flavone-flavone subunit connected with C-C linkage is
presented herein. Distribution of these biflavones in the plant kingdom is shown in

Table 6, and their structures are shown in Figure 8.
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46

C. sulcata

Compound Source Family Plant References
part
Abiesin (6.1) Abies webbiana Pinaceae ;:Iha;tgeg: & et
Agathisflavone | Amphipterygium Julianiaceae Leaves Wannan and
(6.2) amplifolium Quinn, 1988
Garcinia Guttiferae Seed | Linetal,
multiflora kernels | 2001
Orthop_ter;_/glum . Wannan and
amplifolium Julianiaceae Quinn, 1988
0. huaucui '
Ouratea sulcata Ochnaceae Leaves Pegnyemb et
al., 2005
Svenningsen
Rhus dentata et al.. 2006
R. pentheri ) Svenningsen
R. pyroides 0\ SR etal., 2006
R. succedanea Seed | Linetal,
' kernels | 2001
Amentoflavone Actlno§.trobus Leafy | Gadex and
(6.3) acuminatus Cupressaceae ; ;
— twigs | Quinn, 1983
A. pyramidalis
Amphipterygium > 9 Wannan and
amplifolium Julianiaceae Leaves Quinn, 1988
Araucaria . Yamaguchi
anqustifolia Araucariaceae | Needles et al.. 2005
Athrotaxis
cupressoides, Taxodiaceae L eaves Gadex and
A. laxifolia, Quinn, 1989
A. selaginoides
Austrocedrus Gadex and
chilensis Leafy | Quinn, 1983
Biota orientalis supresggeee twigs | Gadek and
Quinn, 1985
4 - Sannomiya et
Brysonima crassa | Malpighiaceae | Leaves al., 2005
Callitris
canescens, | Gadex and
C. columellaris, Quinn, 1982
C. endlicheri, '
C. macleayana
C. macleayar]a, Cupressaceae Legfy Gadex and
C. neocaledonica, twigs -
Quinn, 1983
C. oblonga
C. pressii, Gadex and
C. rhomboidea Quinn, 1982
Gadex and

Quinn, 1983




Table 6. Distribution of C-C biflavones in plants (continued)

47

Compound Source Family Plant References
part
Amentoflavone Calocedrus Cupressaceae Leafy | Gadek and
(6.3) decurrens twigs | Quinn, 1985
Cag:g%gum Guttiferae Leaves Sllljlnf;gzka et
Chamaecyparis
formosar!sm, Leafy | Gadek and
C. lawsoniana, Cupressaceae twigs | Quinn, 1985
C. nootkatensis, '
C. thyroides
Cryptomeria
japonica : Gadex and
Cunninghamia J Leaves Quinn, 1989
lanceolata
(Ilupres_sus Leafy | Gadek and
usitanica Cupressaceae ; ;
’ twigs | Quinn, 1985
C. sempervirens
. Rani et al.,
Cycas beddomei 1998
Geiger and De
C. revoluta Cycadaceae Leaves | Groot Pflei-
derer, 1971
), Uddin et al.,
C. rumphii 2004
DlseII:rirl;?);\heru Ga (_jex and
: Leafy | Quinn, 1983
cupressoides Cupressaceae twigs
Fokienia Gadek and
hodginsii Quinn, 1985
Garcinia Guttiferae Seed |Linetal,
multiflora kernels | 2001
Glyptostrobus Taxodiaceae Gadex and
lineata Quinn, 1989
William,
Isophysis Iri Leaves Harborne and
; ridaceae
tasmanica Tomas-Bar-
beran, 1987
Juniperus
bermudiana,
J. communis,
J. drupacea, Gadek and
J. excelsa, Leafy | Quinn, 1985
Cupressaceae .
J. oxycedrus, twigs
J. procera,
J. virginiana
Libocedrus Gadek and
plumose Quinn, 1983
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Compound Source Family Plant References
part
Amentoflavone L. yateensis Cupressaceae Leafy | Gadek and
(6.3) twigs | Quinn, 1983
Beckmann,
Metasequoia . Geiger and De
glyptostroboides Taxodiaceae Grogt
Pfleiderer,
- - Leaves 1971
Neocallitropis Cupressaceae Gadek and
pancheri Quinn, 1983
Orthop_ter)_/glum - Wannan and
amplifolium Julianiaceae Quinn, 1988
O. huaucui '
Ouratea i Felicio et al.,
hexasperma o 2004
. Felicio et al.,
/ muIt!rora Ochnaceae Leaves 200.1.
0. parviflora Felicio et al.,
O. semiserrata n.i. 2004
Pegnyemb et
O. sulcata Leaves al. 2005
Papuacedrus
papuana
Papuacedrus Leafy | Gadex and
torFr)iceIIensis SHpRessaceae twigs | Quinn, 1983.
Pilgerodendron
uniferum
Podocarpus
elongate,
P. gracitior,
P. latifolius, Podocarpaceae Roy etal,
. 1987
P. nagi, Leaves
P.‘nerifolius,
P. taxifolia
. Svenningsen
Rhus pyroides _ et al., 2006
Anacardiaceae .
R. succedanea seell by Lw etal.,
kernels | 2001
Sciadopitys . Gadex and
verticiﬁa%/a Taxodiaceas Quinn, 1989
Selaginella Kang et al.,
tamariscina . Leaves 2005
Selaginellaceae -
S. willdenowii Silvaetal,
' 1995

n.i. = not indicated
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Compound Source Family Plant References
part
Amentoflavone Sequoia
(6.3) sempervirens
Sequoiadendron
9'9?‘“te‘%m . Gadex and
Taiwania Taxodiaceae Leaves .
. Quinn, 1989
cryptomeriodes
Taxodium
ascendens
T. distichum
Tetraclinus Gadex and
articulata Quinn, 1983
Thuja koraiensis,
T. occidentalis,
T. plicata, Leafy | Gadek and
T. standishii, twigs | Quinn, 1985
£ 7 Cupressaceae
Thujopsis
dolobrata
£ Weniger et
V. pichinchense al.. 2006
- Lobstein et
V. prunifolium Cortex al.. 1999
Widdringtonia
cupressoides,
W. Cupressaceae Leafy | Gadex and
dracomantana, twigs | Quinn, 1983
W. juniperoides,
W. whytei
Xerophyta plicata | Velloziaceae Leaves \{\égl;am etal,
3,3"- Homalothecium Brachythecia- | Gameto- | Seeger et al.,
biapigenin (6.4) lutescens ceae phytes | 1993
Bilobetin (6.5) Callitris Cupressaceae Gadex and
neocaledonica Quinn, 1983
Cephalotaxus Cephalotaxa- Leafy | Leeetal.,
koreana ceae twigs | 2006
Chamaecyparis Cupressaceae Gadek and
thyroides Quinn, 1985
Cryptomeria . Gadex and
japonica Taxodiaceae Leaves Quinn, 1989
. .. Leafy | Gadex and
Diselma archerii | Cupressaceae twigs | Quinn, 1983
Dysoxylum . Heetal.,
lenticellare Meliaceae | Leaves | 1q9q
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Compound Source Family Plant References
part
Bilobetin (6.5) Gingko biloba Ginkgoaceae 2K§g5g etal,
Podocarpus Roy et al.,
latifolius, Podocarpaceae 1987
P. taxifolia
Sciadopitys . Gadex and
verticillata Taxodiaceas Quinn, 1989
Selaginella . Silvaetal.,
willdenowii Selaginellaceae | Leaves 1995
Sequoiadendron
giganteum,
Taxodium Taxodiaceae GaQex and
Quinn, 1989
ascendens,
T. distichum
Tetraclinus Gadex and
articulata Quinn, 1983
Thujopsis Gadek and
dolobrata Quinn, 1985
Wlddrlngyonla Cupressaceae Legfy
cupressoides, twigs
W. Gadex and
dracomantana, Quinn, 1983
W. juniperroides,
W. whytei
5(;’(?”‘8"“te°|m Dicranoloma Whole | Markham,
é,' 8)” Biluteoli robustum, Dicranaceae lant Anderson and
o o uteolin | b “ropustum P Viotto, 1988
Cupressufla- Biota orientalis,
vone (6.8) Calocedrus Gadek and
decurrens, X
Chamaecyparis Quinn, 1985
nootkatensis
Fitzroya Gadex and
cupressoides Quinn, 1983
Juniperus
bermudlan_a, Cupressaceae Legfy
J. communis, twigs Gadek and
J. drupacea, Quinn, 1985
J. excelsa,
J. oxycedrus,
J. virginiana
Tetraclinus Gadex and
articulata Quinn, 1983
Thuja Gadek and
occidentalis Quinn, 1985
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Compound Source Family Plant References
part
3""-Desoxy Plagiomnium Mni Gameto | Rampendahl
?6'%;&”0'0""” undulatum niaceae phytes | etal., 1996
Dicranolomin Dicranoloma Dicranaceae Whole | Markham et
(6.10) robustum plant | al., 1988
Plagiomnium Mniaceae Gameto | Rampendahl
undulatum phytes | etal., 1996
5,3"- Campylopus
Dihydroxy clavatus
amentoflavone o Geiger and
(6.11) C. QgImahgm Dicranaceae V[\gllr;?llte Markham,
5,3""- C ampylopus 1992
Dihydroxy clavatus
robustaflavone C. holomitrium
(6.12) Plagiomnium e Gameto | Rampendahl
undulatum phytes | etal., 1996
7,7"-Dimethyl Agathis
agathisflavone atropurpurea,
(313) A :ustrr)alis, Araucariaceae Ofman et al.,
1995
A. ovata,
A. robusta Leaves
7,7"-Di-O-
methyl Taiwania : Gadex and
amen)t/oflavone cryptomerioides Eiakoe Quinn, 1989
(6.14)
4'7"-Di-O- Cephalotaxus Cephalotaxa- Leafy | Leeetal,
methyl koreana ceae twigs | 2006
amentoflavone Selaginella Selaginellaceae |  Leaves Silvaetal.,
(6.15) willdenowii 1995
7", 4""-Di-O- Callitris
methyl neocaledonica,
amentoflavone C. oblonga, Cupressaceae It_v?/?fz 83?:;( ig%s
(6.16) C. sulcata, g ’
Diselma archerii
Metasequoia . Beckmann et
glyptostroboides RoTRceye Sl i al., 1971
Neocallitris
pancheri,
Papuacedrus Leafy | Gadex and
papuana, Cupressaceae twigs | Quinn, 1983
Widdrintonia ’
cupressoides,
W. whytei
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sempervirens

Compound Source Family Plant References
part
7,7”-Di][InethyI Agathis
cupressflavone
(6.1p7) atropurpur_e a . Ofman et al.,
A. australis, Araucariaceae | Leaves
1995
A. ovata,
A. robusta
Diselma archerii,
Fitzroya
cupressoides,
\::véﬂfggggggéa Cupressaceae Legfy Gat_zlex and
W ’ twigs | Quinn, 1983
dracomantana,
W. juniperoides,
W. whytei
4’ 7"-Dimethyl
Egbg)staﬂavone Bﬁ:ﬁ:;;ne Meliaceae Leaves | He et al., 1996
1
Ginkgetin (6.19) Araucaria Araucariaceae | Needles Yamaguchi et
angustifolia al., 2005
Cephalotaxus Cephalotaxa- Legfy Lee et al., 2006
koreana ceae twigs
Chamaecyparis
formosan_5|s, Leafy | Gadex and
C. lawsoniana, | Cupressaceae twigs | Quinn, 1985
C. nootkatensis, ’
C. thyroides
Kang et al.,
Ginkgo biloba Ginkgoaceae 2005; Weniger
et al., 2006
Cryptomeria Leaves
japonica Taxodiaceae Gat_alex and
Cunninghamia Quinn, 1989
lanceolata
Fokienia Cupressaceae Leafy | Gadex and
hodginsii twigs | Quinn, 1985
Glyﬂtno:atégbus Taxodiaceae | Leaves gﬁ?ﬁr)w( alr;cég
Junlpe_rus Leafy | Gadex and
bermudiana, Cupressaceae . .
. twigs | Quinn, 1985
J. virginiana
Sciadopitys
verticillata, Taxodiaceae | Leaves Gadex and
Sequoia Quinn, 1989
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Compound

Source

Family

Plant
part

References

Ginkgetin (6.19)

Taiwania
cryptomerioides,
Taxodium
ascendens

Taxodiaceae

Leaves

Gadex and
Quinn, 1989

Taxus
yunnanensis

Taxaceae

Bark,
twigs,
leaves

Shinozaki et al.,
2002

Thuja koraiensis,
T. occidentalis,
T. standishii,
Thujopsis
dolobrata

Hexamethyl
amentoflavone
(6.20)

Actinostrobus
acuminatus,

A. pyramidalis,
Austrocedrus
chilensis,
Callitris
macleayana,

C. neocaledonica,
C. oblonga,

C. sulcata,
Diselma archerii,
Fitzroya
cupressoides,
Libocedrus
plumose,

L. yateensis,
Neocallitropsis
pancheri,
Papuacedrus
papuana,

P. torricellensis,
Pilgerodendron
uniferum,
Tetraclinus
articulate,
Widdringtonia
cupressoides,
W.
dracomantana,
W. juniperoides,

Cupressaceae

W. whytei

Gadex and
Quinn, 1985

Leafy

twigs

Gadex and
Quinn, 1983
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Compound Source Family Plant References
part
Hexamethy!l Diselma
cupressuflavone archerii,
(6.21) Fitzroya
cupressoides,
Tetraclinus
articulate,
Vé/l;gcrjg;zgfggéa Cupressaceae Leafy | Gadex and
W twigs | Quinn, 1983
dracomantana,
W. juniperoides,
W. whytei
robustaavone | _Diceima
(6.22) archerii
Heveaflavone Fogetartys Podocarpaceae | Leaves | Roy etal., 1987
(6.23) taxifolia B
Isoginkgetin Araucaria WA NAN Callus | Fonsecaet al.,
(6.24) angustifolia culture | 2000
Cpamaecypgrls Leafy | Gadek and
ormosansis, Cupressaceae twigs | Quinn, 1985
C. nootkatensis '
Cunninghamia Tanotioceae Gadex and
lanceolata Quinn, 1989
Dysoxylum . Leaves
: Meliaceae He et al., 1996
lenticellare
Fokienia Cupressaceae Leafy | Gadek and
hodginsii twigs | Quinn, 1985
Kang et al.,
Ginkgo biloba Ginkgoaceae 2005; Weniger
et al., 2006
Glyptostrobus
lineate
0 - Gadex and
Metasequoia Taxodiaceae Quinn, 1989
glyptostro-
boides
Podocarpus Leaves
gracitior,
P. latifolius, Podocarpaceae Roy et al., 1987
P. nagi,
P. nerifolius
Sciadopitys
verticillata, Taxodiaceae Gadex and
Sequoia Quinn, 1989

sempervirens,
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Compound Source Family Plant References
part
zgc;%nkgetln Sequoiadendron
' giganteum, Taxodiaceae Gadex and
Taxodium Quinn, 1989
distichum
Kayaflavone Podocarpus
(6.25) gracitior, Podocarpaceae Roy et al., 1987
P. latifolius
7-O-Methyl Agathis Leaves
agathisflavone atropurpurea,
(6.26) A. australis,
A. ovata,
A. robusta Ao eaas Ofman et al.,
7-O-Methyl Agathis 1995
cupressflavone atropurpurea,
(6.27) A. australis,
A. ovata,
A. robusta
7""-O-methyl Diselma
robustaflavone archerii, Leafy | Gadex and
(6.28) Neocallitropsis CEpIEFSageas twigs | Quinn, 1983
pancheri
Selaginella Selaginellaceae | Leaves Silvaetal.,
willdenowii g 1995
Widdringtonia
dracomantana, Leafy | Gadex and
W. juniperoides, CUpresseeesy twigs | Quinn, 1983
W. whytel
Philonotisfla-
vone (6.29) Brinkmeier,
_ | Geiger and
Philonotisfla- Mnium hornum Mniaceae Gpahr;?;;) Zinsmeister,
vone-4'"'- 1999
methy! ether
(6.30)
Podocarpusfla- Actinostrobus
vone A (6.31) acuminatus, Cupressaceae Legfy Gaglex and
L twigs | Quinn, 1983
A. pyramidalis
Athrotaxis Taxodiaceae L eaves Gadex and
cupressoides Quinn, 1989
Austrocedrus CUDressaceae Leafy | Gadex and
chilensis P twigs | Quinn, 1983
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Compound Source Family Plant References
part
Podocarpusfla- Biota orientalis Gadek and
vone A (6.31) Quinn, 1985
Callitris
C. columelaris, Gatiex and
C. endlicheri, Quinn, 1982
C. macleayana
C. macleayana,
G Gadex and
neocaledonica, Quinn, 1983
C. oblonga Cupressaceae I{V?I?;Z
C. pressii, Gadex and
C. rhomboidea Quinn, 1982
C. sulcata Gaglex and
Quinn, 1983
Calocedrus
decurrens,
Chamaecyparis Gadek and
formaosansis, Quinn, 1985
C. lawsoniana,
C. nootkatensis
Cunninghamia Taxodiaceae Leaves Gadex and
lanceolata Quinn, 1989
sitanica, Gadk and
L Quinn, 1985
C. sempervirens Leafy
Fitzroya Cupressaceae twigs Gadex and
cupressoides Quinn, 1983
Fokienia Gadek and
hodginsii Quinn, 1985
Glyptostrobus Taxodiaceae Gadex and
lineata Quinn, 1989
- Leaves e
Isophy§ls moictad William et al.,
tasmanica 1987
Juniperus Gadek and
procera, Quinn, 1985
J. virginiana Cupressaceae Leafy
Libocedrus twigs | Gadex and
plumose, Quinn, 1983
L. yateensis
Metasequoia
glyptogtro- Taxodiaceae Leaves Ga(_jex and
. Quinn, 1989
boides
Neocallitropsis Cupressaceae Leafy | Gadex and
pancheri twigs | Quinn, 1983
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Compound

Source

Family

Plant
part

References

Podocarpusfla-
vone A (6.31)

Papuacedrus
papuana,

P.
torricellensis,
Pilgerodendron
uniforum

Cupressaceae

Leafy

twigs

Gadex and
Quinn, 1983

Podocalyx
loranthoides

Euphorbiaceae

Aerial
parts

Suérez et al.,
2003

Podocarpus
elongate,

P. gracitior,
P. macrophylla,
P. nagi,

P. nerifolius,
P. taxifolia,
P. uranii

Podocarpaceae

Sequoiadendron
giganteum

Cupressaceae

Taxodium
distichum,
T. mucronarum

Taxodiaceae

Leaves

Roy et al., 1987

Gadex and
Quinn, 1989

Tetraclinus
articulata

Thuja
koraiensis,
T. occidentalis,
T. plicata,
Thujopsis
dolobrata

Cupressaceae

Leafy
twigs

Gadex and
Quinn, 1983

Gadek and
Quinn, 1985

Trattinnickia
glaziovii

Burseraceae

Leaves

Siani and
Ribeiro, 1995

Widdringtonia
cupressoides,
W. juniperoides

Cupressaceae

Leafy
twigs

Gadex and
Quinn, 1983

Putraflavone
(6.32)

Athrotaxis
cupressoides,
A. laxifolia,
A. selaginoides,
Cryptomeria
japonica,
Cunninghamia
lanceolata,
Metasequoia
glyptostro-
boides

Taxodiaceae

Leaves

Gadex and
Quinn, 1989
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Compound Source Family Plant References
part
Putraflavone Podocalyx Euphorbiaceae Aerial | Suérez et al.,
(6.32) loranthoides parts | 2003
Podocarpus
macrop hy_lla, Podocarpaceae | Leaves | Roy etal., 1987
P. nerifolius,
P. taxifolia
. Trunk i
Putranjiva Euphorbiaceae bark. Garg and Mitra,
roxburghii | 1971
eaves
Taiwania
cryptomeriodes, T s Gadex and
Taxodium Quinn, 1989
distichum L eaves
Ridiculuflavone
A (6.33) Aristolochia Avristolochia- Machado and
Ridiculuflavone ridicula ceae Lopes, 2005
B (6.34)
Robustaflavone Fokienia Cupressaceae Leafy | Gadek and
(6.35) hodginsii twigs | Quinn, 1985
Garcinia \
multiflora i Seed .
Linetal., 2001
Rhus . kernels
Anacardiaceae
succedanea
Selaginglia Selaginellaceae | Leaves Silvaetal.,
willdenowii 1995
Thujopsis Cupressaceae Leafy | Gadek and
dolobrata twigs | Quinn, 1985
Sciadopitysin Araucaria Aralica e Callus | Fonsecaet al.,
(6.36) angustifolia culture | 2000
Athrotaxis . Gadex and
cupressoides Taxodiaceae Leaves Quinn, 1989
Cephalotaxus Cephalotaxa- Lez_afy Lee et al., 2006
koreana ceae twigs
. . . Kang et al.,
Gingko biloba Ginkgoaceae 2005
: Beckmann et
Metasequoia )
glyptostro- Taxodiaceae al, 1971;
boides Gac_iex and
Leaves | Quinn, 1989
Podocarpus
elongata,
P. macrophylla, | Podocarpaceae Roy et al., 1987
P. taxifolia,

P. uranii
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(6.41)

Compound Source Family Plant References
part
Sciadopitysin Sciadopitys
(6.36) verticillata,
Taxodium . Gadex and
ascendens, Taxodiaceae Leaves Quinn, 1989
T. distichum,
T. mucronarum
Taxus quk, Shinozaki et al.,
. Taxaceae twigs,
yunnanensis leaves 2002
Sequoiaflavone Athrotaxis
(6.37) cupressoides,
A. laxifolia,
A. selaginoides,
Cryptomeria ANonieae Gadex and
japonica, Quinn, 1989
Cunninghamia
lanceolata,
M. glyptostro-
boides
Podo_car_pus Podocarpaceae Roy et al., 1987
taxifolia
Seql_10|adendron | eaves
giganteum,
Sequoia
sempervirens,
Taiwania Taxodiaceae Gadex and
cryptomeri- Quinn, 1989
oides,
Taxodium
ascendens,
T. distichum
(stggg)tsuflavone Cycas revoluta Cycadaceae gsge;%er etal,
M. glyptostro- . Beckmann et
gb())lliodes Taxodiacas al., 1971.
Stephaflavone
A (6.39) Stephania Menisperma- Aerial Si et al., 2001
Stephaflavone tetrandra ceae parts
B (6.40)
4”!, 5’ 5!!, 7”_
Tetrahydroxy—
3" 4 T- Aristolochia Avristolochia- Stem Carneiro et al.,
trimethoxy- ridicula ceae 2000
3,6"-biflavone
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Compound Source Family Plant References
part
4!”’ 5!!, 7, 7”_
Tetrahydroxy-
3" 4 5- Aristolochia Avristolochia- Carneiro et al.,
L - Stem
trimethoxy- ridicula ceae 2000
3, 6""-biflavone
(6.42)
4! 4Nl 7 7/!_ .
o Agathis
Tetrﬁ-_cl)cimethyl australis, Leaves ?J;TS&” etal,
(agzg) ISHlavone A. ovata Araucariaceae
7474 Araucaria Needles Yamaguchi et
Tetra-O-methyl angustifolia al., 2005
amentoflavone Cephalotaxus Cephalotaxa- Legfy Lee et al., 2006
(6.44) koreana ceae twigs
Podo_car_pus Podocarpaceae Roy et al., 1987
taxifolia
4! 4”! 7 7”_ B
N Agathis
oo | el
(6.45) & & Leaves Ofman et al.,
4'.7,7"-Tri-O- Agathis 1995
methyl atfopgsburea Araucariaceae
agathisflavone A. australis,
(6.46) A. ovata
7,4, 7"-Tri-O-
methyl Araucaria Callus | Fonseca et al.,
amentoflavone angustifolia culture | 2000
(6.47)
744" -Tri-O- Cryptomeria
methyl japonica, . Gadex and
amentoflavone Cunninghamia Taxodiaceae Quinn, 1989
(6.48) lanceolata
i "_TrioOe . L
fn,e7t'h7 | Tr-@ Agathis Fag=s
cu résﬂavone atropurpurea Araucariaceae Ofman et al.,
P A. australis, 1995

(6.49)

A. ovata




R1 Rz
Agathisflavone (6.2) OH OH
7,7"-Di-O-methyl agathisflavone (6.13) OCH; OH
7-O-Methyl agathisflavone (6.26) OCH; OH

R3 Rs
OH OH
OCH3; OH
OH OH

4',4" 7,7"-Tetra-O-methyl agathisflavone (6.43) ~ OCHz OCHs; OCHs; OCHjs
4'7,7"-Tri-O-methyl agathisflavone (6.46) OCH; OCH;3; OCH;3; OH

R R>
Amentoflavone (6.3) OH OH
Bilobetin (6.5) OH OCHjs
7,7"-Di-O-methyl amentoflavone (6.14) OCH; OH

4’ 7"-Di-O-methyl amentoflavone (6.15) OH OCHjs

R3 Rs

OH OH
OH OH
OCH; OH
OCH; OH

Figure 8. Chemical structures of C-C biflavones in plants (continued)
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R1
7",4""-Di-O-methyl amentoflavone (6.16) OH
Ginkgetin (6.19) OCHjs
Heveaflavone (6.23) OCHj;
Isoginkgetin (6.24) OH
Kayaflavone (6.25) OH
Podocarpusflavone A (6.31) OH
Putraflavone (6.32) OCHs
Sciadopitysin (6.36) OCHjs
Sequoiaflavone (6.37) OCHjs
Sotetsuflavone(6.38) OH
7,4, 7", 4" -Tetra-O-methyl amentoflavone

(6.44) OCHjs

7,4',7"-Tri-O-methyl amentoflavone (6.47) OCHs
74" 4""-Tri-O-methyl amentoflavone (6.48) OH

5’, 6”-Biluteolin (6.6)

R
OH
OCHz3
OH
OCHs3
OCHgs;
OH
OH
OCHs3
OH
OH

OCHjs
OCHjs
OCHj;

R
OCHzs
OH
OCHgs;
OH
OCHzs;
OH
OH
OH
OH
OCHzs

OCHjs
OCHj;
OCH;

Figure 8. Chemical structures of C-C biflavones in plants (continued)
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R1 R> R3 R4

Cupressflavone (6.8) OH OH OH OH
7,7"-Di-O-methyl cupressflavone (6.17) OCH; OH OCH;3 OH
7-O-Methy! cupressflavone (6.27) OCH; OH OH OH
4’4" 7,7"-Tetra-O-methyl cupressflavone (6.45) OCHz OCH3; OCH; OCHj3
4'7,7"-Tri-O-methyl cupressflavone (6.49) OCH;3; OCH; OCH3; OH

3'""-Desoxydicranolomin (6.9) Dicranolomin (6.10)

Figure 8. Chemical structures of C-C biflavones in plants (continued)
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R R,
4’ 7"-Di-O-methyl robustaflavone (6.18) OCH; OCHs3
7""-O-Methyl robustaflavone (6.28) OH OCHjs
Robustaflavone (6.35) OH OH

OMe O

Hexamethyl amentoflavone (6.20)
Figure 8. Chemical structures of C-C biflavones in plants (continued)



OMe O

OMe

MeO
OMe

—
MeOO

Y
(1]

OMe O

Hexamethyl cupressflavone (6.21)

OMe O OMe O

Philonotisflavone (6.29) R=H
Philonotisflavone-4'""-methyl ether (6.30) R =CH;

Ridiculuflavone A (6.33) R=H
Ridiculuflavone B (6.34) R =CHjs

Figure 8. Chemical structures of C-C biflavones in plants (continued)
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R
Stephaflavone A (6.39) CHs
Stephaflavone B (6.40) H

R R>
4" 55" 7"-Tetrahydroxy-3'",4" 7-trimethoxy-3,6"'-biflavone
(6.41) OH OMe
4 5" 7,7"-Tetrahydroxy-3"",4" 5-trimethoxy-3,6"”-biflavone
(6.42) OMe OH
OMe

R
Stephaflavone A (6.39) CHjs
Stephaflavone B (6.40) H

Figure 8. Chemical structures of C-C biflavones in plants (continued)

Chemical constituents of Elateriospermum tapos Blume
There have been two previous reports on the chemical constituents of
Elateriospermum tapos (Chow and Quon, 1970; Ling et al., 2006). Two cyanogenic

glycosides were found in the leaves of this plant, along with some flavonoids,
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triterpenoids and tannins. A number of glycosides were also found in its wood.

These chemical constituents of E. tapos are shown in Table 7, and their structures are

displayed in Figure 9.

Table 7. Previously reported chemical constituents of E. tapos

Compound Category Plant part References
AC trimer (7.1) Condensed
tannin Ling et al., 2006
Amentoflavone (7.2) Biflavone Leaves
B-Amyrin acetate (7.3) / Chow and Quon,
B-Amyrin palmitate (7.4) WA 1970
2-((6-O-(B-D-Apiofuranosyl)-p-
D-glucopyranosyl)oxy) butane
(7.5) :
2-((6-O-(B-D-Apiofuranosyl)-- CRRAR Wood
D-glucopyranosyl)oxy)
propane (7.6)
Catechin (7.7) Flavan-3-ol Leaves | Ling etal., 2006
3,5-Dimethoxy-4-hydroxybenzyl \
alcohol 4-O-B-D-gluco Aromayc Wood
. glycoside
pyranoside (7.8)
Epiafzelechin-(4p—8)-catechin Condensed
(7.9) tannin
Gallocatechin (7.10) Flavan-3-ol
Germanicol acetate (7.11) Triterpene Chow and Quon,
Germanicol palmitate (7.12) 1970
Guaiacyl glycerol (7.13) Phenyl
propane
Linamarin (7.14) Cyanogenic
glycoside
Leonuriside A (7.15) Aromatic
: glycoside Ling et al., 2006
Linolenyl stearyl - 3-O-(a-D-
galactopyranosyl-(1""—6')-O-- Glycerol Leaves
D-galactopyranosyl)-sn-glycerol derivative
(7.16)
Lotaustralin (7.17) Cyanogenic
glycoside
Lupeol acetate (7.18) Triterpene Chow and Quon,
1970
Procyanidin B-1 (7.19) Condensed
Procyanidin B-3 (7.20) tannin .
Roseoside (7.21) Megastigmane Ling etal., 2006
glycoside
w-Taraxasterol acetate (7.22) Triterpene (fg%/v and Quon,
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Amentoflavone (7.2) -amyrin acetate (7.3) R = OAc
B-amyrin palmitate (7.4)
R = O-hexadecanoyl

0

Ho. O HO 0

HO °
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OH OH

2-((6-O-(B-D-Apiofuranosyl)-B-D-glucopyranosyl)oxy) butane (7.5)

0
Ho._O HO 0
HO °
OH Y
OH OH

2-((6-O-(B-D-Apiofuranosyl)-p-D-glucopyranosyl)oxy) propane (7.6)

Figure 9. Previously reported chemical constituents of E. tapos
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Figure 9. Previously reported chemical constituents of E. tapos (continued)
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Figure 9. Previously reported chemical constituents of E. tapos (continued)
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CHAPTER Il

EXPERIMENTAL

1. Sources of Plant Materials

The aerial parts of Canavalia rosea (Sw.) DC. were collected from Rayong, in
June, 2003. The leaves, stem and flowers of Elateriospermum tapos Blume were
collected from Khao Luang, Nakhon Si Thammarat, in March, 2004. Voucher
herbarium specimens of both plants have been deposited at the herbarium of the
Department of Pharmaceutical Botany, Faculty of Pharmaceutical Sciences,
Chulalongkorn University, Bangkok, Thailand.

2. General Techniques

2.1 Solvents

Throughout this work, all organic solvents were commercial grade and were
redistilled prior to use.

2.2 Analytical Thin-Layer Chromatography (TLC)

Technique : One dimension, ascending

Adsorbent : Silica gel 60 Fzs4 (E. Merck) precoated plate
Layer thickness : 0.2 mm

Distance : 5.0cm

Temperature : Laboratory temperature (25-30°C)
Detection : 1. Ultraviolet light (254 and 365 nm)

2. Anisaldehyde-H,SO,4 and heat at 105°C for 10 min
2.3 Column Chromatography

2.3.1 Conventional Column Chromatography

Adsorbent : Silica gel 60 (No. 7734) particle size 0.063-0.200 nm
(E. Merck)

Packing method : Dry Packing

Sample loading ; The sample was dissolved in a small amount of the

organic solvent, mixed with a small quantity of
adsorbent, triturated, dried and then placed gently on

top of the column.
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Detection X Fractions were examined by TLC technique in the same
manner as described in section 2.2

2.3.2 Vacuum Liquid Chromatography

Adsorbent : Silica gel 60 (No. 9385) particle size 0.040-0.063 nm
(E. Merck)
Packing method : Wet Packing

The adsorbent was mixed with the eluent into a slurry,
then poured into a column and allowed to settle.

Sample loading : The sample was dissolved in a small amount of the
eluent, and then applied gently on top of the column.

Detection a Fractions were examined by TLC technique in the same
manner as described in section 2.2

2.3.3 Gel Filtration Chromatography

Gel Filter : Sephadex LH 20 (Pharmacia Biotech AB)

Packing method : Gel filter was suspended in the eluent and left standing
to swell for 24 hours prior to use. It was then poured
into the column and allow to set tightly.

Sample loading ; The sample was dissolved in a small amount of the
eluent, and then applied gently on top of the column.

Detection : Fractions were examined by TLC technique in the same
manner as described in section 2.2

2.4 Spectroscopy

2.4.1 Ultraviolet (UV) Spectra

UV spectra were obtained on a Shimadzu UV-160A spectrophotometer
(Pharmaceutical Research Instrument Center, Faculty of Pharmaceutical Sciences,
Chulalongkorn University).

2.4.2 Infrared (IR) Spectra

IR spectra (KBr disc and film) were recorded on a Perkin Elmer FT-IR
1760X spectrometer (Scientific and Technological Research Equipment Center,

Chulalongkorn University).

2.4.3 Mass Spectra

Electrospray lonization Time of Flight (ESI-TOF) mass spectra and
high resolution Electrospray lonization Time of Flight (HRESI-TOF) mass spectra
were measured on a Micromass LCT mass spectrometer (BIOTEC Central Research
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Unit, National Center for Genetic Engineering and Biotechnology). Electron impact
(EIl) mass spectra were recorded on a Agilent 7890A mass spectrometer (Medicinal
Plant Research Institute, Department of Medical Sciences, Ministry of Public Health).

2.4.4 Proton and Carbon-13 Nuclear Magnetic Resonance (*H and
3C NMR) Spectra

'H (300 MHz) and *C (75 MHz) NMR spectra were measured on a
Bruker DPX-300 FT-NMR spectrometer (Pharmaceutical Research Instrument Center,
Faculty of Pharmaceutical Sciences, Chulalongkorn University).

'H (500 MHz) and **C (125 MHz) NMR spectra were measured on a
JEOL JMN-A 500 spectrometer, Varian “"YINOVA spectrometer (Scientific and
Technological Research Equipment Center, Chulalongkorn University), and a Bruker-
AV 500 MHz spectrometer (BIOTEC Central Research Unit, National Center for
Genetic Engineering and Biotechnology).

The solvents for NMR spectra were deuterated chloroform (CDCls),
deuterated methanol (CD3;OD), deuterated acetone (acetone-ds) and deuterated
dimethylsulfoxide (DMSQO-ds). The chemical shifts were reported in ppm scale using
the chemical shift of the solvent as the reference signal.

2.5 Physical Properties

2.5.1 Melting Points

Melting points were obtained on a Fisher-John melting point apparatus
(Department of Pharmaceutical Botany, Faculty of Pharmaceutical Sciences,
Chulalongkorn University).

2.5.2 Optical Rotations

Optical rotations were measured ‘on a Perkin-Elmer 341 polarimeter
using a sodium lamp operating at 589 nm (Pharmaceutical Research Instrument

Center, Faculty of Pharmaceutical Sciences, Chulalongkorn University).

3. Extraction and Isolation

3.1 Extraction and Isolation of Compounds from Canavalia rosea

3.1.1 Extraction of C. rosea Aerial Parts

The dried aerial parts (940 g) were ground, then macerated with 95% ethanol
(3 x 4L). The filtrate was pooled and evaporated under reduced pressure at

temperature not exceeding 40°C to afford the ethanol extract (132.76 g, 14.12 % of
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dried plant weight). The ethanol extract was redissolved with 70% ethanol and
partitioned with CH,Cl.,.

Evaporation of the CH,ClI; layer gave CH,CI; extract (31.65 g, 3.37 % of dried
plant weight). The extract was dissolved with 70% ethanol, then partitioned with
hexane to give, after evaporation under reduced pressure, hexane extract (23.11 g,
2.46 % of dried plant weight) and CH,Cl, extract (6.40 g, 0.68 % of dried plant
weight), respectively.

The aqueous layer was concentrated under reduced pressure, and further
partitioned with BuOH to afford BuOH extract (20.10 g, 2.14 % of dried plant weight)
and aqueous extract (80.85 g, 8.60 % of dried plant weight).

3.1.2 Isolation of Compounds from the Hexane Extract of C. rosea

The hexane extract (23.11 g) was dissolved in a small amount of hexane,
triturated with kieselguhr and dried at room temperature. It was then applied on top
of a silica gel column (380 g, 10 x 10 cm) eluted stepwise with a gradient mixture of
hexane-EtOAc (1:0 to 0:1), then EtOAc-MeOH (1:0 to 0:1). Two hundred 100-ml
fractions were collected and the eluates examined by TLC (solvent system: hexane-
EtOAc = 4:1). Fractions with similar chromatographic pattern were combined to
yield 8 pooled fractions (A1-A8, Table 8)

Table 8. Combined fractions from the hexane extract of C. rosea

Fraction code Weight (g)
Al 0.11
A2 0.14
A3 1.12
Al 1.34
A5 11.81
Ab 1.88
A7 1.71
A8 1.54
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3.1.2.1 Isolation of Component CAR-1 (Mixture of B-Sitosterol and
Stigmasterol)

Fraction A4 (1.34 g) was chromatographed on a silica gel column (100
g, 2.5 x 20 cm), using a gradient mixture of hexane-EtOAc (9:1 to 0:1) as eluent.
Ninety-four 20-ml fractions were obtained, examined by TLC (solvent system:
hexane-EtOAc = 4:1), then pooled into 7 fractions (A41-A47). Fraction A41,
showing a major purple spot at Ry = 0.28, gave component CAR-1 as colorless
needles (41.0 mg, 0.0044% yield).

3.1.2.2 Isolation of Compound CAR-2 (B-Sitosterol glucoside)

Solution of fraction A6 (1.88 g) in hexane-EtOAc (3:2), after being left
to stand at room temperature overnight, yielded compound CAR-2 as a pale brown
precipitate (90.0 mg, 0.0096% yield).

3.1.2.3 Isolation of Compound CAR-6 (Canarosine)

Compound CAR-6 (7.1 mg, 0.0008% yield) crystallized from fraction
A8 as pale yellow needle.

3.1.3 lIsolation of Compounds from the CH,Cl, Extract of
C. rosea
The extract (5.2 g) was chromatographed on a silica gel column (200 g, 10 x 8

cm), eluted with a gradient mixture of CH,Cl,-MeOH (1:0 to 0:1), to give 113
collected fractions (50 ml each). These fractions were examined by TLC (solvent
system: CH,Cl,-MeOH = 43:2), then the ones with similar TLC pattern were
combined into 4 major fractions (B1-B4, Table 9)

Table 9. Combined. fractions from-the CH,Cl, extract of C. rosea

Fraction code Weight ()
B1 0.05
B2 0.43
B3 0.60
B4 3.11
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3.1.3.1 Isolation of Compound CAR-4 (Epi-inositol-6-O-methyl
ether)

Fraction B4 (3.11 g) was recrystallized from a mixture of CH,Cl,-
MeOH (2:1) to give compound CAR-4 as colorless needles (16.2 mg, 0.0021% yield).

3.1.4 Isolation of Compounds from the BUOH Extract of C. rosea

3.1.4.1 Isolation of Compound CAR-3 (Rutin)

Compound CAR-3 precipitated as yellow powder (2.13 g, 0.2263%
yield) from the BuOH extract of C. rosea.



Aerial parts of C. rosea (940 g)

Macerated with 95% EtOH
EtOH extract (132.76 g)

+ 70% EtOH
Partitioned with CH,Cl,
CH,CI; extract Aqueous layer
+ 70% MeOH Partitioned with BUOH

Partitioned with Hexane

| . | |

Hexane extract CH,ClI; extract BuOH extract Aqueous extract
(23.119) (6.40 ) (20.10 g) (80.850)
Sigel CC l
CH,Cl,-MeOH  CcAR-3
1:0 - 01 2.13¢g

Bl B2 B3 B4

|

CAR-4
Sigel CC 16.2 mg
Hexane-EtOACc 1:0 — 0:1
EtOAc-MeOH 0:1— 1:0

Al A2 A3 A4 A5 A6 A7 A8

Sigel CC CAR-2 CAR-6
Hexane-EtOAc 9:1—0:1 90.0 mg 7.1mg

A4l A42 A43 Ad4 A4S A46 A47

|

CAR-1
41.0 mg

Scheme 1. Extraction and isolation of C. rosea aerial parts
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CAR-1

CAR-2 CAR-3

CAR-6

Figure 10. Structures of compounds isolated from C. rosea aerial parts
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3.2 Extraction and Isolation of Compounds from Elateriospermum tapos

3.2.1. Extraction of E. tapos Stem

The dried stem (3.8 kg) were ground, then macerated with hexane (3 x 5L),
CH.CI, (3 x 5L) and MeOH (3 x 5L), respectively. Each pooled filtrate was
evaporated under reduced pressure at temperature not exceeding 40°C to afford
hexane extract (19.57 g, 0.52% of dried weight), CH,CI, extract (19.04 g, 0.50% of
dried weight) and MeOH extract (80.00 g, 2.11% of dried weight), respectively.

3.2.2 Isolation of Compounds from the Hexane Extract of E. tapos Stem

The hexane extract (19.57 g) was chromatographed on a silica gel column
(400 g, 9.5 x 10 cm). Elution was performed using a gradient mixture of hexane-
acetone (1:0 to 17:3) to give 53 fractions (100 ml each). Fractions were combined
according to their TLC pattern (solvent system: hexane-acetone = 5:1) to yield 6
pooled fractions (A1-A6, Table 10)

Table 10. Combined fractions from the hexane extract of E. tapos stem

Fraction code Weight (g)
Al 0.58
A2 0.32
A3 0.08
A4 8.37
A5 3.00
A6 5.84

3.2.2.1 Isolation of Compound ET-S1 (Lupeol acetate)

Fraction A4 (8.37 g) was separated ona silica gel column (75 g, 2.5 x
20 cm), eluting with a gradient mixture of hexane-acetone (1:0 to 17:3), to give 95
fractions (10 ml each). After TLC monitoring (solvent system: hexane-acetone 5:1),
these were pooled into 6 fractions (fractions A41-A46). Fraction A43 (1.23 g) was
further separated on another silica gel column (30 g, 2.5 x 10 cm), eluting with a
gradient mixture of 2-5% acetone in hexane. Forty-seven fractions (10 ml each) were

collected. Fractions showing a purple spot (R¢ = 0.88, solvent system: hexane-acetone
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= 5:1) on TLC upon spraying with anisaldehyde-H,SO, were combined to afford
compound ET-S1 as colorless needles (407.8 mg, 0.0107% yield).

3.2.2.2 Isolation of Compound ET-S5 (Germanicol palmitate)

Fraction A42 (0.59 g) was chromatographed on a silica gel column (15
g, 2 x 13 cm), eluting with a gradient mixture of 0.5-2% acetone in hexane. Fractions
showing a purple spot at Ry value of 0.94 on TLC (solvent system: hexane-acetone =
5:1) were combined to yield compound ET-S5 as white powder (238.0 mg, 0.0063%
yield).

3.2.2.3 Isolation of Compound ET-S3 (Lupeol)

Fraction A44 (0.38 g) was subjected to silica gel column (20 g, 2 x 15
cm), using a gradient mixture of 2-15% acetone in hexane as eluent, to give 70
fractions (10 ml each). These fractions were monitored by TLC (solvent system:
hexane-acetone = 5:1), then fractions showing a purple spot (R = 0.38) were
combined and subjected to repeated silica gel column chromatography (20 g, 2 x 15
cm). Elution was performed using a gradient mixture of hexane-acetone (1:0 to 19:1)
to afford compound ET-S3 (17.0 mg, 0.0004% yield).

3.2.2.4 Isolation of Compound ET-S2 (Acetyl aleuritolic acid)

Fraction A45 (0.87 g) was crystallized from a mixture of CH.Cl,-
MeOH (2:1) to give compound ET-S2 (37.2 mg, 0.001% yield).

3.2.2.5 Isolation of Component ET-S4 (Mixture of B-Sitosterol and
Stigmasterol)

Fraction A6 (5.84 ¢g) was subjected to silica gel column
chromatography (150 g, 2.5 x 20 cm), eluting with a gradient mixture of hexane-
acetone (1:0 to 0:1),to give 80 fractions (50 ml-each). - Fractions with similar TLC
pattern (solvent system: hexane-acetone = 5:1) were combined into 6 fractions (A61-
A66).-Component ET-S4(42.0 mg, 0.0011% yield) was obtained from fraction A63.

3.2.3 Isolation of Compounds from the CH,Cl, Extract of E. tapos Stem

The CH,CI;, extract (19.04 g) was chromatographed on a silica gel column
(400 g, 9.5 x 10 cm), eluting with a gradient mixture of hexane-acetone (1:0 to 2:3),
to afford 160 fractions (100 ml each). TLC monitoring (solvent system: hexane-
acetone = 2:1) led to combination of these fractions into 8 major ones (fractions B1-
B8, Table 11).
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Table 11. Combined fractions from the CH,Cl, extract of E. tapos stem

Fraction code Weight ()
Bl 0.35
B2 0.32
B3 2.88
B4 0.81
B5 1.48
B6 1.10
B7 0.94
B8 0.98

3.2.3.1 Isolation of Compound ET-S6 (Yucalexin B-22)

Fraction B6 (1.10 g) was separated on a silica gel column (30 g, 2 x 8
cm), using a gradient mixture of 25-30% acetone in hexane, to obtain 66 fractions (20
ml each). Fractions showing similar TLC pattern (solvent system: hexane-acetone =
2:1) were combined into 5 fractions (B61-B65).

Fraction B63 (0.52 g) was chromatographed on a silica gel column (30
g, 2 x 8 cm) eluting with a gradient mixture of 20-30% acetone in hexane. Forty eight
fractions (20 ml each) were collected and combined according to their TLC pattern
(solvent system: hexane-acetone 2:1) into 6 pooled fractions (B631-B636).
Compound ET-S6 (7.9 mg, 0.0002% yield) was obtained from fraction B632.

3.2.3.2 Isolation of Compounds ET-S12 and ET-S15 (Yucalexin P-
15 and Syringaldehyde)

Fraction B634 (0.36 g) was chromatographed on a Sephadex LH-20
column, washed down with CH,Cl,-MeOH (1:1) to afford compound ET-S12 (17.6
mg, 0.0005% yield). The remaining fraction was separated on another Sephadex LH-
20 column, using CH,Cl,-MeOH (2:1) as eluent, to give compound ET-S15 (10.1 mg,
0.0003% vyield).

3.2.3.3 Isolation of Compound ET-S7 (Yucalexin P-17)

Fraction B5 (1.48 g) was chromatographed on a silica gel column (40 g,
2 x 15 cm) eluting with a gradient mixture of hexane-acetone (1:0 to 4:1) to give 64

fractions (10 ml each). Fractions showing a purple spot on TLC (Rf = 0.4, solvent
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system: hexane-acetone = 2:1) were combined to give compound ET-S7 (60.6 mg,
0.0016% yield).

3.2.3.4 Isolation of Compound ET-S8 (Scopoletin)

Fraction B7 (0.94 g) was purified on a silica gel column (80 g, 2.5 x 20
cm), eluting with a gradient mixture of hexane-acetone (7:3 to 0:1), to give 51
collected fractions (10 ml each). Fractions showing a fluorescent blue spot under UV
at 365 nm were combined to afford compound ET-S8 (70.1 mg, 0.0018% yield). The
same compound (115.2 mg, 0.0030% yield) was also obtained from fraction B65.

3.2.3.5 Isolation of Compound ET-S11 (2,3-Seco-sonderianol)

Fraction B8 (0.98 g) was separated on a silica gel column (100 g, 2.5 x
25 cm) eluting with a gradient mixture of hexane and acetone (3:2 to 0:1). Sixty
fractions were collected (50 ml/fraction) and combined according to their TLC pattern
(solvent system: hexane-acetone = 2:1) into 8 fractions (B81-B88). Fraction B82 was
further purified on a Sephadex LH-20 column, eluting with a mixture of CH,Cl,-
MeOH (1:1), to yield compound ET-S11 (7.0 mg, 0.0002% yield).

3.2.3.6 Isolation of Compound ET-S14 (Oleic acid)

Fraction B3 (2.88 g) was chromatographed on a silica gel column (40 g,
2.5 x 6 cm), eluted with a gradient mixture of hexane-acetone (1:0 to 19:1), to obtain
44 fractions which were examined by TLC (solvent system: hexane-acetone = 2:1),
then combined into 6 fractions (B31-B36). Fraction B32 (0.41 g) was subjected to a
silica gel column (30 g, 2.5 x 11 cm), eluting with 2% acetone in hexane, to afford
compound ET-S14 (5.3 mg, 0.0001% yield).

3.2.3.7 Isolation of Component ET-S10 (Mixture of B-Sitosterol
and Stigmasterol)

Fraction B33 (0.46 g), subjected to silica gel column chromatography,
eluting with a gradient mixture of hexane-acetone (1:0 to 93:7), to give 70 fractions
(10 ml each). Fractions showing a purple spot on TLC (Rf = 0.67, solvent system:
hexane-acetone = 2:1) were combined to yield component ET-S10 (24 mg, 0.0006%
yield).

3.2.4 Isolation of Compounds from the MeOH Extract of E. tapos Stem

The MeOH extract (40.0 g) was subjected to vacuum liquid column
chromatography on a silica gel column (400g, 13 x 6 cm), eluting stepwise with a
gradient mixture of CH,Cl,-MeOH (1:0 to 0:1). Each collected fraction was 400 ml.
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Forty-four fractions were collected and combined according to their TLC pattern into
4 fractions (C1-C4, Table 12).

Table 12. Combined fractions from the MeOH extract of E. tapos stem

Fraction code Weight (g)
C1 3.37
C2 1.96
C3 26.80
ca 4.47

3.2.4.1 Isolation of Compound ET-S16 (Scopoletin)

Fraction C1 (3.37 g) was subjected to silica gel column
chromatography (140 g, 5 x 8 cm), eluting with a gradient mixture of CH,Cl,-MeOH
(1:0 to 0:1), to yield 138 fractions (15 ml each). TLC monitoring (solvent system:
EtOAc-MeOH = 5:3) led to the combination of these fractions into 7 pooled fractions
(C11-C17). Fraction C12 (0.12 g) was separated by gel filtration chromatography on
a Sephadex LH-20 column, using CH,Cl;-MeOH (1:1) as eluent. Fractions showing a
fluorescent blue spot on TLC (Rf = 0.72, solvent system: EtOAc-MeOH = 5:3) were
combined to afford compound ET-S16 (2.4 mg, 0.0001% vyield).

3.2.4.2 Isolation of Compound ET-S17 (Amentoflavone)

Fraction C13 (0.51 g) was chromatographed on a Sephadex LH-20
column, eluting with CH,Cl,-MeOH (1:1), to give 20 fractions (5 ml each). Fractions
showing a yellow spot.on TLC (R¢=0.95, solvent system: CH,Cl,-MeOH = 2:1) were
combined and further purified on two successive Sephadex LH-20 columns, eluting
with CH,Cl>-MeOH (1:1) and CH,Cl,-MeOH (2:1), respectively, to afford compound
ET-S17 (1.7 mg, 0.0002% yield).

3.2.5 Extraction of E. tapos Flowers

The dried flowers of E. tapos (260.0 g) were ground and macerated with
hexane (3 x 2L), CH,Cl;, (3 x 2L) and MeOH (3 x 2L), respectively, to afford, after
evaporation under reduced pressure at temperature not exceeding 40°C, the hexane
extract (10.4 g, 4.00% of dried weight), CH,CI, extract (3.68 g, 1.42% of dried weight)
and MeOH extract (11.14 g, 4.28% dried weight), respectively.
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3.2.6 Isolation of Compounds from the Hexane Extract of E. tapos
Flowers

The hexane extract (8.83 g) was chromatographed on a silica gel column (150
g, 2.5 x 15 cm), eluting with a gradient mixture of hexane-acetone (1:0 to 0:1), to give
111 fractions (30 ml each). These fractions were combined according to their TLC
pattern (solvent system: hexane-acetone = 5:1) into 4 major fractions (D1-D4, Table
13)

Table 13. Combined fractions from the hexane extract of E. tapos flowers

Fraction code Weight (g)
D1 1.25
D2 2.09
D3 3.58
D4 0.57

3.2.6.1 Isolation of Compound ET-F3 (Lupeol 3-acetate)

Fraction D2 (2.09 g) was separated on a silica gel column
(100 g, 2.5 x 10 cm), eluting with a gradient mixture of hexane-acetone (1:0 to 23:2),
into 58 fractions (10 ml each). These fractions were monitored by TLC (solvent
system: hexane-acetone = 5:1), then combined into 3 fractions (D21-D23). Fraction
D22 (0.16 g) was subjected to another silica gel column (30 g, 1.5 x 10 cm), eluting
with a gradient mixture of hexane-acetone (1:0 to 49:1), to give 110 collected
fractions (5 ml each). Fractions showing a purple spot-on - TLC (R = 0.88, solvent
system: hexane-acetone = 5:1) were combined to afford compound ET-F3 as colorless
needles (121.5mg, 0.0467% yield).

3.2.6.2 Isolation of Compound ET-F4 (Lupeol)

Fraction D23 (1.41 g) was subjected to silica gel column
chromatography (20 g, 2 x 15 cm), eluting with a gradient mixture of 2-10% acetone
in hexane, to give 90 fractions (5 ml each). These fractions were monitored by TLC
(solvent system: hexane-acetone = 5:1), then combined into 5 fractions (D231-D235).
Fraction D233, which showed a purple spot (Rf = 0.38) on TLC, yielded compound
ET-F4 (8.0 mg, 0.0031 % yield).
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3.2.6.3 Isolation of Component ET-F5 (Mixture of B-Sitosterol and
Stigmasterol)
Component ET-F5 (36.7 mg, 0.0141% yield) crystallized as colorless
needles from fraction D234.
3.2.7 Isolation of Compounds from the CH,Cl, Extract of E. tapos Flowers
The CH,CI, extract (3.68 g) was chromatographed on a silica gel column (60 g,
1.5 x 10 cm), eluting with a gradient mixture of hexane-acetone (19:1 to 3:1), to yield
252 fractions (10 ml each). Fractions with similar TLC pattern (solvent system:
hexane-acetone = 2:1) were combined into 5 fractions (E1-E5, Table 14).

Table 14. Combined fractions from the CH,Cl, extract of E. tapos flowers

Fraction code Weight (g)
E1l 0.03
E2 1.66
E3 0.12
E4 0.42
E5 0.27

3.2.7.1 Isolation of Compound ET-F6 (Putraflavone)

Compound ET-F6 (3.3 mg, 0.0013 % yield) precipitated as yellow
amorphous powder from fraction E3.

3.2.7.2 lsolation of Compound ET-F7 (Ellagic acid 3,3'-dimethyl
ether)

Fraction E4 (0.42 g) was subjected to a Sephadex LH-20 column,
eluting. with CH,Cl,-MeOH (3:1), to give 26 fractions (5 ml each). Fractions
displaying a quenching spot on TLC (R; = 0.17, solvent system: hexane-acetone = 2:1)
under UV light at 254 nm were combined to give compound ET-F7 (2.0 mg, 0.0008
% yield).

3.2.8 Isolation of Compounds from the MeOH Extract of E. tapos Flowers
The MeOH extract (11.41 g) was subjected to silica gel column
chromatography (300g, 13 x 5 cm), eluting with a gradient mixture of CH,Cl,-MeOH

(1:0 to 0:1). Each collected fraction was 50 ml and the eluates were examined by
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TLC (solvent system: CH,Cl,-MeOH 9:1). One hundred and sixty fractions were
collected and combined into 6 major fractions (F1-F6, Table 15)

Table 15. Combined fractions from the MeOH extract of E. tapos flowers

Fraction code Weight (g)
F1 0.37
F2 0.22
F3 1.77
F4 1.06
F5 1.34
F6 1.11

3.2.8.1 Isolation of Compound ET-FM2 (Amentoflavone)
Fraction F2 (0.22 g) was subjected to gel filtration chromatography on
a Sephadex LH-20 column eluting with CH,CIl>-MeOH (2:1). Twenty-five fractions
(5 ml each) were collected and examined by TLC (solvent system: CH,Cl,-MeOH =
2:1), then combined into 5 fractions (F21-F25). Fraction F22 (0.02 g), which showed
a yellow spot on TLC (Rf = 0.95), were repeatedly chromatographed on Sephadex
LH-20 columns eluting with CH,Cl,-MeOH (2:1) as eluent, to give compound ET-
FM2 (5.5 mg, 0.0021 % yield).
3.2.8.2 Isolation of Compound ET-FM3 (Quercetin)
Compound ET-FM3 precipitated from fraction F24 as yellow
amorphous powder (3.3 mg, 0.0013 %yield).
3.2.9 Extraction of E. tapos Leaves
Dried E. tapos leaves (1.3 kg) were ground and macerated with 95% EtOH (3
x 8L) to give EtOH extract, which was dissolved in'40% EtOH, then partitioned with
hexane and CH,CI, to give hexane extract (31.8 g, 2.45% of dried weight), CH,CI,
extract (9.5 g, 0.73% of dried weight) and aqueous alcoholic extract, respectively.
3.2.10 Isolation of the Hexane Extract of E. tapos Leaves
The hexane extract (31.8 g) was chromatographed on a silica gel column (400
g, 9.5 x 10 cm), eluting with a gradient mixture of hexane-acetone (1:0 to 0:1), to give

184 fractions (50 ml each). These fractions were combined according to their TLC
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pattern (solvent systems: hexane-acetone = 5:1-2:1) into 9 pooled fractions (G1-G9,
Table 16).

Table 16. Combined fractions from the hexane extract of E. tapos leaves

Fraction code Weight (g)
Gl 0.64
G2 9.00
G3 1.77
G4 4.07
G5 1.08
G6 1.20
G7 1.36
G8 1.33
G9 2.32

3.2.10.1 Isolation of Compound ET-L1 (B-Sitosterol glucoside)

Fraction G9, which displayed a single orange spot on TLC (Rf = 0.17,
solvent system: hexane-acetone = 2:1), afforded compound ET-L1 as pale brown
powder (46.8 mg, 0.0036% vyield).

3.2.10.2 Isolation of Compound ET-L2 (Hopenol-B)

Fraction G2 (9.00 g) was separated on a silica gel column (150 g, 2.5 x
20 cm), eluting with a gradient mixture of hexane-acetone (1:0 to 17:3), to give 48
fractions (20 ml/fraction). Fractions which exhibited a purple spot on TLC (Rf = 0.54,
solvent system: hexane-acetone = 6:1) were combined-to-yield compound ET-L2
(93.1 mg, 0.0072% vyield).

3.2.10.3 Isolation of Compound ET-L3 (2,3-Seco-taraxer-14-ene-
2,3,28-trioic acid 2,3-dimethy!l ester)

Fraction G4 (4.07 g) was chromatographed on a silica gel column
(100 g, 2.5 x 15 cm), eluting with a gradient mixture of hexane-acetone (1:0 to 0:1),
to obtain 75 fractions (20 ml each). TLC monitoring of these fractions (solvent
system: hexane-acetone = 5:1) helped combine them into 6 fractions (G41-G46).
Compound ET-L3 (11.3 mg, 0.0009% yield) precipitated from fraction G44.



89

3.2.10.4 Isolation of Component ET-L4 (Mixture of B-sitosterol
and stigmasterol)

Component ET-L4, which appeared as a purple spot on TLC (R = 0.29,
solvent system: hexane-acetone = 5:1), crystallized as colorless needles (8.6 mg,
0.0007% yield) from fraction G42.

3.2.10.5 Isolation of Compound ET-L12 (Aleuritolic acid)

Fraction G46 (1.13 g) was gel filtration chromatographed on a
Sephadex LH-20 column (1 x 40 cm) eluting with CH,Cl,-MeOH (2:1). Seventy-five
fractions (5 ml each) were collected and examined by TLC (solvent system: hexane-
acetone = 4:1). Fractions showing a purple spot at the R; value of 0.24 were
combined to yield compound ET-L.12 (12.4 mg, 0.0010% vyield).

3.2.10.6 Isolation of Compound ET-L5 (2,3-Seco-taraxer-14-ene-
2,3,28-trioic acid 3-methyl ester)

Fraction G6 (1.20 g) was subjected to silica gel column
chromatography (60 g, 3 x 15 cm), eluting with a gradient mixture of hexane-acetone
(9:1 to 0:1), to give 61 fractions (10 ml each). Fractions were combined according to
their TLC pattern (solvent system: hexane-acetone = 2:1) into 9 pooled ones (G61-
G69). Compound ET-L5 (17.3 mg, 0.0013% yield) precipitated from fraction G69.
The same compound (45.1 mg, 0.0035% yield) was also obtained when fraction G7
(1.36 g) was chromatographed on a silica gel column (30.0 g, 2.5 x 10 cm), using a
gradient mixture of hexane-acetone (17:3 to 0:1) as eluent.

3.2.11 Isolation of the CH,ClI, Extract of E. tapos Leaves

The extract (9.5 g) was chromatographed on a silica gel column (200 g, 5 x 15
cm), eluting ‘with a gradient mixture of hexane-acetone (1:0 to 0:1), to give 180
fractions (30 ml each) which were combined according to similarity of their TLC
pattern. (solvent system: hexane-acetone = 5:1 to-1:1) into 12 fractions (H1-H12,
Table 17)

3.2.11.1 Isolation of Compound ET-LC1 (Putraflavone)

Compound ET-LC1 precipitated as yellow powder (93.1 mg, 0.0072%
yield) from fraction H7.
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Table 17. Combined fractions from the CH,Cl, extract of E. tapos leaves

Fraction code Weight ()
H1 0.44
H2 0.16
H3 0.21
H4 0.31
H5 0.33
H6 0.23
H7 1.53
H8 0.42
H9 0.46

H10 0.57
H11 1.02
H12 1.36

3.2.11.2 Isolation of Compound ET-LC2 (2,3-Seco-taraxer-14-ene-
2,3,28-trioic acid 3-methyl ester)

Both fractions H1 (0.44 g) and H2 (0.16 g) were gel filtration
chromatographed on Sephadex LH-20 columns, eluting with CH,Cl,-MeOH (2:1), to
yield compound ET-LC2 (11.4 mg, 0.0009% vyield and 11.9 mg, 0.0009% vyield,
respectively).

3.2.11.3 Isolation of Compound ET-LC4 (Kaempferol)

Fraction H6 (0.23 g) was separated on a Sephadex LH-20 column,
eluting with CH,Cl,-MeOH '(2:1), into 17 fractions (5 ml each). Fractions with
similar TLC pattern (solvent system: hexane-acetone 2:1) were combined into 5
pooled fractions (H61-H65). Fraction H64, which displayed a quenching spot under
UV light (Rf = 0.19, solvent system: hexane-acetone = 2:1), was purified on a
Sephadex LH-20 column eluting with CH,Cl,-MeOH (2:1) to afford compound ET-
LC4 (2.0 mg, 0.0002% yield).

3.2.11.4 Isolation of Compound ET-LC5 (Amentoflavone)

Fraction H9 (0.46 g) was chromatographed on a Sephadex LH-20
column eluting with CH,Cl,-MeOH (2:1) to give 22 fractions (5 ml each). Fractions
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displaying a yellow spot on TLC (Rf = 0.2, solvent system: hexane-acetone = 1:1)
were combined to yield compound ET-LC5 (15.7 mg, 0.0012% yield).

3.2.11.5 Isolation of Compound ET-LC7 (Sequoiaflavone)

Fraction H8 (0.42 g) was separated on a Sephadex LH-20 column
using CH,Cl,-MeOH (2:1) as eluent into 43 fractions, which were examined by TLC
(solvent system: hexane-acetone = 1:1). Fractions showing a yellow spot (R = 0.3)
on TLC were combined to yield compound ET-LC7 (10.2 mg, 0.0002% vyield).

3.2.11.6 Isolation of Compound ET-LC13 (Ginkgetin)

Fraction H11 (1.02 g) was further purified on a Sephadex LH-20
column using CH,Cl,-MeOH (2:1) as eluent. Thirty fractions (5 ml each) were
collected and examined by TLC (solvent system: hexane-acetone = 2:3). Fractions
which displayed a yellow spot (Rs = 0.8) on TLC were combined to yield compound
ET-LC13 (5.6 mg, 0.0004% yield).

3.2.11.7 lsolation of Compounds ET-LC17 (Ellagic acid 3,3'-
dimethyl ether)

Fraction H62 was purified by gel filtration chromatography on a
Sephadex LH-20 column, eluting with CH,CI,-MeOH (2:1), to give 15 fractions (5 ml
each). These fractions were monitored by TLC (solvent system: hexane-acetone =
2:1), then combined to yield 3 main fractions (H621-H623). Fraction H622 was
subjected to another Sephadex LH-20 column, using the same mobile phase.
Fractions showing a quenching spot on TLC (R = 0.17, solvent system: hexane-
acetone = 2:1) under UV light were combined to give compound ET-LC17 (1.0 mg,
0.0001% vyield).
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Hexane extract of E. tapos stem

Sigel CC
Hexane-acetone 1:0 — 0:1
Al A2 A3 A4 A5 A6
Sigel CC
Hexane-acetone 1:0 — 0:1
Sigel CC | | | | |
Hexane-acetone A6l A62 A63 A64 A65 A66
1.0 >17:3
ET-S4
42.0mg
A4l A42 A43 Ad4 A45 A46
Sigel CC ET-S2
Hexane-acetone 37.2mg
199:1 — 49:1
Sigel CC
| | | Hexane-acetone
49:1 - 17:3
A421 A422 A423 | |
l Ad41 Ad4?2  A443
Sigel CC .
ET-S5 Hexane-acetone Sigel CC
238.0 mg 49:1 - 19°1 Hexane-acetone 1:0 — 19:1
A431 A432 A433 A4431  A4432 A4433
ET-S1 ET-S3
407.8 mg 17.0 mg

Scheme 2. Isolation of compounds from the hexane extract of E. tapos stem



CH,CI; extract of E. tapos stem

Sigel CC
Hexane-acetone 1:0 — 2:3

Sigel CC
Hexane-acetone 1:.0 — 4:1

B4 B5 B6 B7

Sigel CC
Hexane-acetone
1.0->4:1

B31 B32 B33 B34 B35 B36 B51 B52 B53 B54 B55

Sigel CC
Hexane-acetone
1.0 - 41

v

ET-S10
24.0 mg

Sigel CC
Hexane-acetone
49:1

ET-S14
5.3 mg

Scheme 3. Isolation of compounds from the CH,Cl; extract of E. tapos stem

v

ET-S7
60.6 mg
Sigel CC
Hexane-acetone
3201

B8

93

AN
|

ET-S11
7.0 mg

B81 B82 B83 B84 B85 B86 B87 B88
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CH,CI; extract of E. tapos stem

Sigel CC
Hexane-acetone
1.0 > 2:3
B6 B7
Sigel CC .
Hexane-acetone 3:1 — 7:3 Sigel CC
| | | | Hexane-acetone 7:3 — 0:1
B61 B62 B63 B64 B65 B71 B72 B73
Sigel CC E#-S8 l
Hexane-acetone 4:1 — 7:3 115.2 mg ET-S8
\ 70.1 mg
B631 B632 B633 B634  B635 B636
l Sephadex LH20
ET-S6 CH,Cl,-MeOH
7.9 mg 11
l Sephadex LH20
CH,Cl,-MeOH
ET-S12 211
17.6 mg

B6341 B6342  B6343

'

ET-S15
10.1 mg

Scheme 3. Isolation of compounds from the CH,Cl; extract of E. tapos stem

(continued)



MeOH extract of E. tapos stem

vacuum Si gel CC
CH,CI,-MeOH 1:0 — 0:1

C1 C2 C3 C4

Sigel CC
CH,Cl,-MeOH 1:0 — 0:1

Cl1 Ci2 Ci3 Ci4 C15 Cle C17

Sephadex LH20 | 1. Sephadex LH20
CH,Cl,-MeOH CH,Cl,-MeOH 1:1
11

2. Sephadex LH20
| | ’ CH,Cl,-MeOH 2:1

C121 C122 Cc123 | | |

{ Cl31. C132  C133
ET-S16 l
2.4 mg ET-S17
1.7 mg

Scheme 4. Isolation of compounds from the MeOH extract of E. tapos stem
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Hexane extract of E. tapos flowers (8.83 g)

Sigel CC
Hexane-Acetone 1:0 — 0:1

D1 D2 D3 D4

Sigel CC
Hexane-Acetone 1:0 — 23:2

D21 D22 D23
Sigel CC
Hexane-Acetone 49:1 — 9:1

Si gel CC | | | | |
Hexane-Acetone
105491 "1 pp31 D232 D233 D234 D235
| | | ET-F4 ET-F5
8.0 mg 36.7 mg
D221 D222 D223
ET-F3
121.5mg

Scheme 5. Isolation of compounds from the hexane extract of E. tapos flowers



CH,CI; extract of E. tapos flowers

Sigel CC
Hexane-Acetone 19:1—-3:1

| | |
El E2 E3 E4 ES
l Sephadex LH20
ET-F6 CH,Cl,-MeOH
3.3 mg 31
| |
E41 E42 E43
'
ET-F7
2.0 mg

Scheme 6. Isolation of compounds from the CH,Cl, extract of E. tapos flowers

MeOH extract of E. tapos flowers

Sigel CC
CH,Cl,-MeOH 1:0 —» 0:1

Sephadex LH20
CH,Cl,-MeOH 2:1

F21 F22 F23 F24 F25

Sephadex LH20
CH,CI,-MeOH 2:1

F221 F222  F223

|

ET-FM2
5.5mg

ET-EM3
3.3mg

Scheme 7. Isolation of compounds from the MeOH extract of E. tapos flowers

97



98

Hexane extract of E. tapos leaves

Sigel CC
Hexane-acetonel:0 — 0:1

Gl G2 G3 G4 G5 G6 G7 G8 G9
Sigel CC l
Hexane-acetone
1.0 - 17:3 4%2;19
| | Sigel CC
G21 G22 G23 Si gel CC Hexane-acetone 9:1— 0:1
l Hexane-acetone | |
1:.0—>0:1
ET-L2
93.1 mg G61 G62 G63
G4l G42 G43 G44 G45 G46 ET-L5
l l 17.3 mg
ET-L4 ET-L3 Sephadex LH20
8.6 mg 11.3 mg CH,CI,-MeOH 2:1
G461 G462 G463
ET-L12
12.4mg

Scheme 8. Isolation of compounds from the hexane extract of E. tapos leaves



CH_CI; extract of E. tapos leaves

Sigel CC
Hexane-acetone 19:1 — 0:1

99

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Sephadex LH20 l Sephadex LH20
CH2C|2'MeOH CH2C|2-MEOH
2:1 ET-LC1 2:1

93.1 mg
| | | Sephadex LH20 | | |
H21 H22 H23 CH,Cl,-MeOH 2:1 H111 H112 H113
s | | | ET-LC13
33.3m -
g H81 H82 H83 5.6 mg
Sephadex LH20 l Sephadex LH20
CH,CIl,-MeOH 2:1 €phacex
g ET-LCT7 CH,Cl,-MeOH
o [\ “
H61 H62 H63 H64 H65 | |
l H91 H92 H93
ET-LC4
2.0mg l
ET-LC5
15.7 mg

Scheme 9. Isolation of compounds from the CH,ClI; extract of E. tapos leaves



ET-S2

16 N
CH,(CH,),,CO0

ET-S3 (ET-F4) ET-S5

ET-S4 (CAR-1, ET-S10, ET-F5, ET-L4)

Figure 11. Structures of compounds isolated from E. tapos
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OH

ET-S15

Figure 11. Structures of compounds isolated from E. tapos (continued)
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ET-F7 (ET-FM5, ET-LC17) ET-FM3

ET-L1 (CAR-2)

Figure 11. Structures of compounds isolated from E. tapos (continued)
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ET-LC7

Figure 11. Structures of compounds isolated from E. tapos (continued)
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ET-LC13

Figure 11. Structures of compounds isolated from E. tapos (continued)

4. Physical and Spectral Data of Isolated Compounds
4.1 Component CAR-1 (or ET-S4, ET-S10, ET-F5 and ET-L4) (Mixture
of B-Sitosterol and Stigmasterol)

Component CAR-1 was obtained as colorless needles.

mp : 135-137°C

IR . vmax (KBF): 3428, 2961, 2937, 1465, 1382,1368, 1062, 1054 cm™;
see Figure 12

'"H NMR : & ppm, 300 MHz, in CDCls; see Figure 13, Table 18

¥C NMR : & ppm, 75 MHz, in CDCls; see Figure 14, Table 18

4.2 Compound CAR-2 (or ET-L1) (B-Sitosterol Glucoside)

Compound CAR-2 was obtained as white needle crystals.

mp : 180-184 °C
'H NMR . & ppm, 300.MHz, in DMSO-ds; see Figure 15, Table 19
3¢ NMR . & ppm, 75 MHz, in DMSO-dg; see Figure 16, Table 19

4.3 Compound CAR-3 (Rutin)
Compound CAR-3 was obtained as yellow amorphous powder.

ESI-MS : m/z 609 [M-H]"; see Figure 19

mp :191-214 °C

uv . Amax NM (log €), in MeOH: 210 (4.52), 258 (4.37), 356 (4.30);
see Figure 17

IR : vmax (KBFr): 3427, 1655, 1600, 1504, 1457, 1363, 1296, 1203,

1064, 1015, 971, 808 cm™ see Figure 18
'H NMR : 3 ppm, 300 MHz, in DMSO-dg; see Figure 20, Table 20
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BC NMR . d ppm, 75 MHz, in DMSO-dg; see Figure 21, Table 20
4.4 Compound CAR-4 (Epi-inositol 6-O-methyl ether)
Compound CAR-4 was obtained as colorless needles.

ESI-MS . m/z 217 [M+Na]"; see Figure 27

mp : 185-189 °C

IR . vmax (KBI): 3336, 2940, 2929, 1631, 1502, 1438, 1324, 1140,
1103, 1050, 1015, 657 cm™; see Figure 26

'H NMR : 8 ppm, 300 MHz, in DMSO-ds; see Figure 28, Table 21

¥C NMR : 8 ppm, 75 MHz, in DMSO-dg; see Figure 29, Table 21

4.5 Compound CAR-6 (Canarosine)
Compound CAR-6 was obtained as pale yellow needles.
HR ESI-MS : m/z 375.2469 [M+H]"; see Figure 35

mp . 235-237 °C

IR © vmax (KBF): 3429, 1657, 1613, 1575, 1409, 651 cm™; see Figure 34
'H NMR . 3 ppm, 500 MHz, in CD30D; see Figures 36a-36d, Table 22
BCNMR  : &ppm, 75 MHz, in CD;0D; see Figure 37, Table 22

4.6 Compound ET-S1 (or ET-F3) (Lupeol 3-acetate)
Compound ET-S1 was obtained as colorless needles.

EI-MS : m/z 468 [M]"; see Figure 43

mp : 187-190 °C

IR . vmax (KBI): 2946, 2872, 1734, 1455, 1379, 1369, 1245, 1027,
979 cm™; see Figure 42

'H NMR : & ppm, 300 MHz,in CDCls; see Figure 44, Table 23

C NMR : 8 ppm, 75 MHz, in CDCls; see Figures 45a-45b, Table 23

4.7 Compound ET-S2 (Acetyl aleuritolic acid)

Compound ET-S2 was obtained as colorless needles.

ESI-MS : m/z 521 [M+Na]"; see Figure 48

mp : 272-276 °C

IR : vmax (KBFr): 3434, 2939, 2865, 1734, 1688, 1246, 1028 cm?;
see Figure 47

'H NMR : & ppm, 300 MHz, in CDCl3; see Figure 49, Table 24

BCNMR  : & ppm, 75 MHz, in CDCls; see Figure 50, Table 24



4.8 Compound ET-S3 (or ET-F4) (Lupeol)
Compound ET-S3 was obtained as colorless needles.

EI-MS
mp

IR

'"H NMR
BCNMR

. m/z 426 [M]"; see Figure 53
: 130-133 °C

. vmax (KBr): 3323, 2917, 2871, 2849, 1463, 1379 cm™; see Figure 52
. 0 ppm, 300 MHz, in CDCl3; see Figure 54, Table 25
> 3 ppm, 75 MHz, in CDCls; see Figure 55, Table 25

4.9 Compound ET-S5 (Germanicol palmitate)

Compound ET-S5 was obtained as white powder.

EI-MS
mp

IR

'HNMR
BC NMR

: m/z 664 [M]"; see Figure 58
: 95-99°C
. vmax (KBI): 2955, 2921, 2851, 1725, 1467, 1378, 1257, 1247, 1177,

984, 720 cm™*; see Figure 57

. 0 ppm, 300 MHz, in CDCl3; see Figure 59, Table 26
: 3 ppm, 75 MHz, in CDCls; see Figure 60, Table 26

4.10 Compound ET-S6 (Yucalexin B-22)
Compound ET-S6 was obtained as colorless needles.

ESI-MS
[a]st

IR

'HNMR
BC NMR

: m/z 341.22 [M+Na]"; see Figure 62
© -213.85 ( 0.015, CHCI5)
: vmax (KBr): 3397, 2965, 2928, 2857, 1706, 1450, 1089, 1055,

758 cm™; see Figure 61

. & ppm, 300 MHz, in CDCls; see Figure 63, Table 27
: & ppm, 75 MHz,in CDCls; see Figure 64, Table 27

4.11 Compound ET-S7 (Yucalexin P-17)

Compound ET-S7 was obtained as colorless needles.

ESI-MS
mp
[a]ZSD

IR

'HNMR
BC NMR

: m/z 319 [M+H]": see Figure 70

: 230-233 °C

. +95.97 (c 0.085, CHCls)

: vmax (KBI): 3459, 2969, 2953, 1701, 1450, 1282, 1119, 1072,

1056, 927, 708, 657 cm’™; see Figure 69

. & ppm, 300 MHz, in CDCl3; see Figure 71, Table 28
. & ppm, 75 MHz, in CDCls; see Figure 72, Table 28
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4.12 Compound ET-S8 (or ET-S16) (Scopoletin)
Compound ET-S8 was obtained as yellow needles.

ESI-MS
mp

uv

IR

'H NMR
BC NMR

. m/z 215 [M+Na]"; see Figure 79
: 198-201 °C
. Amax NM (log €), in MeOH: 208 (4.33), 229 (4.24), 254 (3.80),

348 (4.17); see Figure 77

: vmax (KBr): 3338, 1704, 1608, 1566, 1510, 1290, 1263, 1140, 1018,

922, 862, 592 cm'; see Figure 78

. & ppm, 500 MHz, in CDCls; see Figure 80, Table 29
: & ppm, 75 MHz, in CDClg; see Figure 81, Table 29

4.13 Compound ET-S11 (2,3-Seco-sonderianol)

Compound ET-S11 was obtained as colorless needles.

HR-ESI-MS
mp

[OL]ZSD

uv

IR

'H NMR
BCNMR

: m/z 369.1682 [M+Na]"; see Figure 87

: 230-233 °C

: +9.35 (C 0.048, MeOH)

: Amax NM (log €), in MeOH: 215 (4.17), 292 (3.31); see Figure 85
: vmax (KBr): 3431, 2984, 1698, 1269, 927 cm™; see Figure 86

: 3 ppm, 300 MHz, in DMSO-dg; see Figure 88, Table 30

. & ppm, 75 MHz, in DMSO-dg; see Figure 89, Table 30

4.14 Compound ET-S12 (Yucalexin P-15)
Compound ET-S12 was obtained as yellow oil.

ESI-MS
[0]?
uv

IR

'HNMR
BC NMR

: m/z 331 [M+H]"; see Figure 96

: +14.89 (¢ 0.048,CHCl5)

: Amax NM (log €), in CHCIs: 319 (2.64); see Figure 94

: vmax (KBFr): 3446, 2974, 2935, 2874, 1718, 1667, 1653, 1394,

1112, 755 cm™; see Figure 95

: & ppm, 300 MHz, in CDCls; see Figure 97, Table 31
: d ppm, 75 MHz, in CDCls; see Figure 98, Table 31

4.15 Compound ET-S14 (Oleic Acid)
Compound ET-S14 was obtained as white plates.

EI-MS
IR

. m/z 282 [M]"; see Figure 104
. vmax (KBr): 2918, 2850,1705, 1464, 1296, 941 cm™; see Figure 103



'HNMR
BC NMR

: & ppm, 300 MHz, in CDCl3; see Figure 105, Table 32
. 3 ppm, 75 MHz, in CDCls; see Figure 106, Table 32

4.16 Compound ET-S15 (Syringaldehyde)
Compound ET-S15 was obtained as colorless needles.

ESI-MS
mp

IR

'HNMR
BC NMR

: m/z 205 [M+Na]"; see Figure 108
:110-112 °C
: vmax (KBI): 3346, 1675, 1607, 1587, 1512, 1464, 1329, 1213,

1143, 1113, 729, 626 cm™; see Figure 107

> 0 ppm, 300 MHz, in CDCls; see Figure 109, Table 33
. 0 ppm, 75 MHz, in CDCls; see Figure 110, Table 33
4.17 Compound ET-S17 (or ET-FM2 and ET-LC5) (Amentoflavone)

Compound ET-S17 was obtained as yellow powder.

ESI-MS
mp

uv

IR

'HNMR
BC NMR

: m/z 537 [M-H]"; see Figure 117
: 260-265 °C
: Amax NM (log €), in MeOH: 215 (4.82), 271 (4.67), 334 (4.62);

see Figure 115

: vmax (KBr): 3434, 2924, 2854, 1645, 1603, 1352, 1283, 1244,

1162, 835 cm™: see Figure 116

. & ppm, 300 MHz, in acetone-ds; see Figure 118, Table 34
. & ppm, 75 MHz, in acetone-ds; see Figure 119, Table 34

4.18 Compound ET-F6 (or ET-LC1) (Putraflavone)
Compound ET-F6 was obtained as pale yellow amorphous powder.

ESI-MS
mp

uv

'H NMR
BC NMR

: m/z 567 [M+H]"; see Figure 125
» 218-220 °C
. Amax NM (log €), in MeOH: 215 (4.52), 270 (4.45), 332 (4.43);

see Figure 123

: vimax (KBI): 3407, 1663, 1655, 1606, 1338, 1190, 833 cm™;

see Figure 124

: & ppm, 300 MHz, in DMSO-ds; see Figure 126, Table 35
. & ppm, 75 MHz, in DMSO-dg; see Figure 127, Table 35

108
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4.19 Compound ET-F7 (or ET-FM5 and ET-LC17) (Ellagic acid 3, 3'-
dimethyl ether)
Compound ET-F7 was obtained as pale yellow needles.

EI-MS : 'm/z 330 [M]"; see Figure 132

mp : >300°C

'"H NMR : & ppm, 300 MHz, in DMSO-ds; see Figure 133, Table 36
¥C NMR : 8 ppm, 75 MHz, in DMSO-dg; see Figure 134, Table 36

4.20 Compound ET-FM3 (Quercetin)

Compound ET-FM3 was obtained as yellow powder.

ESI-MS : m/z 301 [M-H]"; see Figure 140

mp . 245-250 °C

uv © hmax M (l0g €), in MeOH: 210 (4.59), 256 (4.47), 367 (4.43);
see Figure 138

IR : vmax (KBr): 3420, 2924, 2853, 1656, 1612, 1522, 1263, 1169,
1015, 825 cm™; see Figure 139

'H NMR > & ppm, 300 MHz, in DMSO-dg; see Figure 141, Table 37

BC NMR : 3 ppm, 75 MHz, in DMSO-ds; see Figure 142, Table 37

4.21 Compound ET-L2 (Hopenol B)
Compound ET-L2 was obtained as colorless needles.

EI-MS : m/z 426 [M]"; see Figure 147
mp ; 226-228 °C
[0 : +114.25 (c 0.048, MeOH)
IR : vmax (KBF): 3389,2945, 2865, 1700, 1643, 1446, 1046, 993,
890 cm™; see Figure 146
'H NMR . 0 ppm, 500 MHz, in acetone-ds; see Figure 148, Table 38
3¢ NMR : 8 ppm, 125 MHz, in acetone-dg; see Figures 149a-149b, Table 38

4.22 Compound ET-L3 (2,3-Seco-taraxer-14-ene-2,3,28-trioic acid 2,3-
dimethyl ester)
Compound ET-L3 was obtained as colorless needles.
HR-ESI-MS : m/z 553.3509 [M+Na]"; see Figure 155
mp : 232-233 °C
[0]%b : +13.63 (c 0.046, MeOH)
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. vmax (KBr): 3434, 2949, 2865, 1729, 1692, 1456, 1250, 1145 cm™;

see Figure 154

. & ppm, 500 MHz, in acetone-dg; see Figures 156a-156d, Table 39
: & ppm, 125 MHz, in acetone-ds; see Figures 157a-157b, Table 39

4.23 Compound ET-L5 (or ET-LC2) (2,3-Seco-taraxer-14-ene-2,3,28-
trioic acid 2,3-dimethyl ester)

Compound ET-L5 was obtained as colorless needles.

HR-ESI-MS
mp
[a]ZSD

IR

'H NMR
BC NMR

: m/z 539.3344 [M+Na]’; see Figure 162

: >300 °C

. +81.55 (c 0.106, MeQH)

. vmax (KBI): 3430, 2949, 2864, 1728, 1690, 1250, 1143 cm™;

see Figure 161

: & ppm, 500 MHz, in DMSO-ds; see Figures 163a-163e, Table 40
: & ppm, 125 MHz, in DMSO-ds; see Figure 164, Table 40

4.24 Compound ET-L12 (Aleuritolic acid)

Compound ELT-L12 was obtained as colorless needles.

ESI-MS
mp

IR

'HNMR
BC NMR

: m/z 455 [M-H]"; see Figure 169
. 258-260 °C
. vmax (KBI): 3434, 2939, 2867, 1690, 1467, 1296, 1250, 1212,

1031, 996 cm™; see Figure 168

: 0 ppm, 300 MHz, in DMSO-dg; see Figure 170, Table 41
: d ppm, 75 MHz, in DMSO-dg; see Figure 171, Table 41

4.25 Compound ET-LC4 (Kaempferol)
Compound ET-LC4 was obtained as yellow powder.

ESI-MS
mp

uv

'HNMR
BC NMR

: m/z 287.16 [M+H]"; see Figure 175
. 276-278 °C
. Amax NM (log €), in MeOH: 210 (3.49), 265 (3.44), 366 (3.50);

see Figure 173

© vmax (KBT): 3423, 1659, 1615, 1508, 1383, 1176, 818, 796 cm™;

see Figure 174

: & ppm, 300 MHz, in CD30D+CDCl3; see Figure 176, Table 42
: & ppm, 75 MHz, in CD3;0D+CDCl3; see Figure 177, Table 42
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4.26 Compound ET-LC7 (Sequoiaflavone)
Compound ET-LC7 was obtained as pale yellow powder.

ESI-MS : m/z 551 [M-H]"; see Figure 183

mp : >300 °C

uv . Amax NM (log €), in MeOH: 215 (4.71), 270 (4.61), 336 (4.60);
see Figure 181

IR : vmax (KBFr): 3367, 2925, 1659, 1597, 1502, 1336, 1161, 837 cm?;
see Figure 182

'H NMR . & ppm, 500 MHz, in DMSO-ds; see Figures 184a-184b, Table 43

BCNMR  : &ppm, 125 MHz, in DMSO-ds; see Figures 185a-185c, Table 43

4.27 Compound ET-LC13 (Ginkgetin)
Compound ET-LC13 was obtained as yellow powder.

ESI-MS : m/z 565 [M-H]"; see Figure 192

mp : 234-239 °C

uv . Amax M (log €), In MeOH: 216 (4.54), 270 (4.46), 333 (4.43);
see Figure 190

IR . vmax (KBr): 3435, 1655, 1606, 1506, 1424, 1337, 1253, 1190, 1160
833 cm™; see Figure 191

'H NMR . & ppm, 500 MHz, in DMSO-ds; see Figure 193, Table 44

¥C NMR . & ppm, 125 MHz, in DMSO-ds; see Figures 194a-194c, Table 44

5. Evaluation of Biological Activities

5.1 Determination of Inhibitory Activity on Dopamine-1 Receptor

Inhibitory activity on dopamine-1 receptor was determined using the
radioligand binding receptor assay (Tatsumi et al., 1999; Page et al;; 2000).

The striata of rat brain were dissected out on ice and homogenized in ice-cold
50 mM Tris-HCI (pH 7.4). The homogenate was centrifuged at 800xg for 10 min at
4°C, and the supernatant obtained was centrifuged for 15 min at 18,000xg. The
membranes were washed, resuspended in ice-cold 50 mM Tris-HCI (pH 7.4) and
centrifuged for 15 min at 18,000xg twice. They were then resuspended in ice-cold
buffer containing 50 mM Tris-HCI (pH 7.4), 1 mM EDTA, 5 mM MgCl,, and 150
mM NaCl. The protein content was determined by Bradford method (Bradford, 1976)

using bovine serum albumin (BSA) as standard.
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The binding experiment was performed at 25°C in plastic tube containing 750
ug of membrane protein in binding buffer containing 50 mM Tris-HCI (pH 7.4), 1
mM EDTA, 5 mM MgCl,, 150 mM NaCl, 1 mM dithiotreitol, 0.1% sodium
metabisulfite and 0.1% BSA. The binding was initiated by addition of 100 ul of 5 nM
[*H] SCH23390 (a dopamine-1 receptor antagonist) in the presence and absence of
test solution in DMSO. Non-specific binding was measured in the presence of 50 pl
of 10" M (+)-butaclamol. Incubation was performed for 30 min and terminated by
addition of 3 ml of ice-cold washing buffer [S0 mM Tris-HCI (pH 7.4), 1 mM EDTA,
5 mM MgCl,, 150 mM NaCl]. The suspension was immediatedly filtered under
vacuum through Whatman GF/B filters previously soaked for 1 hour in 0.3%
polyethyleneimine. The filters were washed rapidly twice with 3 ml of ice-cold
washing buffer and placed in scintillation vials containing 5 ml of scintillation
cocktail (Ultima Gold®, Perkin Elmer). Radioactivity was determined by liquid
scintillation spectrometry. Total binding was determined in DMSO solvent control
experiment. SCH23390 was used as the reference compound. % Inhibition was
obtained as follows:

Specific binding = total binding — non-specific binding

% inhibition =100 - [(specific binding):est /(specific binding)controi]x100

5.2 Determination of Antimycobacterial Activity

Antimycobacterial activity was assessed against Mycobacterium tuberculosis
Hs7Ra using the Microplate Alamar Blue Assay (MABA) (Collins and Franzblau,
1997). The mycobacteria were grown in 100 ml of 7H9GC broth containing 0.005%
Tween 80. Cultures were. incubated in 500-ml plastic flask on a rotary shaker at 200
rpm and 37 °C until they reached an optical density of 0.4-0.5 at 550 nm. Bacteria
were washed and suspended in 20 ml of phosphate-buffered saline solution and
passed through a filter. The filtrates were aliquoted and stored at -80 °C.

The susceptibility testing was performed in 96-well microplates. Samples
were initially diluted with either dimethylsulfoxide or distilled deionized water,
followed by Middlebrook 7H9 media containing 0.2% v/v glycerol and 1.0 gm/L
7HIGC broth. Subsequent two-fold dilutions were performed in 0.1 ml of 7H9GC
broth in microplates. Frozen inocula were diluted 1:100 in 7H9GC broth and addition
of 0.1 ml of this solution to the well resulted in final bacterial titers of about 5x10*

CFU/ml. Wells containing sample only were used to determine whether the tested-
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samples themselves can reduce the dye or not. Additional control wells consisted of
bacteria only (B) and medium only (M). Plates were incubated at 37 °C. Starting at
day 6 of incubation, 20 ul of Alamar Blue solution and 12.5 ul of 20% Tween 80
were added to one B well and one M well, and plates were re-incubated at 37 °C. The
B wells were observed for a color change from blue to pink, at which time reagents
were added to all remaining wells. Plates were then incubated at 37 °C, and results
were recorded at 24 hour post-reagent addition. Visual MIC values were defined as
the lowest concentration of sample that prevented a color change. Standard drugs, i.e.
rifampicin, isoniazid and kanamycin sulfate, were used as the reference compounds.

5.3 Determination of Antimalarial Activity

Plasmodium falciparum (K1, multi-drug resistant strain) was cultivated in
vitro using the method of Trager and Jensen (1976) in RPMI 1640 medium containing
20 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid), 32 mM
NaHCOj3; and 10% heat-inactivated human serum with 3% erythrocytes and incubated
at 37 °C in an incubator with 3% CO,. Cultures were diluted with fresh medium and
erythrocytes every day according to cell growth. Quantitative assessment of
antimalarial activity in vitro was determined by microculture radioisotope techniques
based upon the method of Desjardins et al. (1979). Briefly, a mixture of 200 ul of
1.5% erythrocytes with 1% parasitemia at the early ring stage was pre-exposed to 25
ul of the medium containing a test sample dissolved in 1% DMSO (0.1% final
concentration) for 24 hours, employing the incubation condition described above.
Subsequently, 25 ul of [*H]-hypoxanthine (Amersham, USA) in culture medium (0.5
uCi) were added to each well and plates were incubated for an additional 24 hours.
Levels of incorporated labeled hypoxanthine indicating parasite growth were
determined using the TopCount microplate scintillation counter (Packard, USA). The
ICso value represents the concentration which indicates 50% reduction of parasite
growth. The standard sample was dihydroartemisinin (DHA).

5.4 Determination of Cytotoxic Activity

5.4.1 Human Small Cell Lung Carcinoma (NCI-H187)
Cytotoxicity to NCI-H187 cells (human small cell lung carcinoma,

ATCC CRL-5804) was determined by MTT assay (Plumb et al., 1989). Briefly, cells
were diluted to 10° cells/ml. Test compounds were diluted in distilled water and

added to microplates in a total volume of 200 ul. Plates were incubated at 37 °C, 5%
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CO,, for 3 days. Then, 50 ul of 2 mg/ml MTT solution (3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide or thiazolyl blue) were added to each well of the
plate. Plates were wrapped with aluminium foil and incubated for 4 hours. MTT was
then removed from the wells and the formazan crystals were dissolved in 200 pl of
DMSO and 25 pl of Sorensen’s glycine buffer. Absorbance was read in microplate
reader at the wavelength of 510 nm. The reference substance was ellipticine. The
activity was expressed as 50% inhibitory concentration (ICsg), which is the
concentration that inhibits cell growth by 50% compared with untreated cells.

5.4.2 Human Epidermoid Carcinoma (KB) and Breast Cancer (BC)

Cytotoxicity to KB (human epidermoid carcinoma of cavity, ATCC
CCL-17) and BC (breast cancer) cell lines was determined by a colorimetric assay
that measured cell growth from cellular protein content (Skehan et al., 1990).
Ellipticine and doxorubicin were used as positive control. DMSO was used as
negative control. Briefly, cells at a logarithmic growth phase were harvested and
diluted to 10° cells/ml with fresh medium and gently mixed. Extracts or test
compounds were diluted in distilled water and put into microplates in a total volume
of 200 ul. Plates were incubated at 37 °C, 5% CO, for 72 hours. After incubation
period, cells were fixed by 50% trichloroacetic acid. The plates were incubated at 4
°C for 30 min, washed with tap water and air-dried at room temperature. The plates
were then stained with 0.05% sulforhodamine B (SRB) for 30 min. After staining
period, SRB was removed with 1% acetic acid. Plates were air-dried before bound
dye was solubilized with 10 mM Tris-base for 5 min on shaker. Absorbance was read
in microplate reader at the wavelength of 510 nm. The compound was considered
strongly active If its 1Csp value was less than 5 upg/ml, moderately active if its 1Cs
value was between 5-10 ug/ml, weakly active when 1Csq value was between 10-20
ug/ml, and inactive if 1Cso value was more than 20 ug/ml.

5.4.3 Vero Cells

Compounds were tested for their cytotoxicity against Vero cells
(African green monkey kidney fibroblast) in 96-well tissue culture plates. Vero cell
suspension (190 pl) containing 1x10° cells/ml and 10 pl of tested compound solution
were added to each well in triplicate. Ellipticine and 10% DMSO were used as
positive and negative control, respectively. The cells were incubated at 37 °C for 72

hours in 5% CO,. After incubation, the cytotoxicity was determined as in 5.4.2. If %
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cell viability was greater than or equal to 50%, reported as 1Cso > 50 ug/ml and if %
cell viability was less than 50%, reported an ICs, value which determined from two-
fold serial dilution.

5.5 Determination of Anti-Herpes Simplex Activity

Anti-herpes simplex virus type 1 (HSV-1) activity of pure compounds was
tested against HSV-1 strain ATCC VR260, using colorimetric microplate assay as in
5.4.2. The growth of host cells (vero cell line ATCC CCL-81) infected with virus and
treated with the extract was compared with control cells, which were infected with
virus only. Acyclovir and DMSO were used as positive and negative control,
respectively. The extracts were tested at non-cytotoxic concentrations (inhibition of
cell growth < 50%). Extract which produced more than 50% inhibition was
considered active, while those which gave 35-50% and 25-35% inhibition were
considered moderately active and weakly active, respectively.

The active extracts (more than 50% inhibition of the virus) were further tested

to determine their 1Csq values.



CHAPTER IV
RESULTS AND DISCUSSION

Maceration of the aerial parts of Canavalia rosea (Sw) DC. with EtOH gave
an EtOH extract, which was partitioned with CH,Cl, to give CH,Cl, and aqueous
alcoholic fractions. The CH,CI; fraction was further partitioned with hexane to yield
hexane and CH,Cl, extracts. The aqueous alcoholic fraction was partitioned with
BuOH to give a BUOH extract. Four compounds, CAR-1, CAR-2 and CAR-6, were
isolated from the hexane extract; whereas, compound CAR-4 was obtained from the
CH,Cl, extract, and compound CAR-3 was 1solated from the BuOH extract.

The stems and flowers of Elateriospermum tapos Blume were separately
macerated with hexane, CH,Cl, and MeQH to give each solvent extract, respectively.
In addition, the leaves of E. tapos was macerated with EtOH, then partitioned with
hexane and CH,Cl, to yield hexane, CH,Cl, and aqueous EtOH extracts, respectively.
Fourteen compounds (ET-S1 - ET-S8, ET-S11, ET-S12, ET-S14, ET-S15 and ET-S17)
were isolated from the stem extracts. The flower extracts were extensively
chromatographed to yield eight compounds (ET-F3 — ET-F7, ET-FM2 and ET-FM3).
Finally, the leaf extracts furnished thirteen compounds (ET-L1 — ET-L5, ET-L12, ET-
LC1, ET-LC4, ET-LC5, ET-LC7, ET-LC13 and ET-LC17).

The structures of all isolated compounds were elucidated and identified
through interpretation of their UV, IR, MS and NMR spectral data, and were

confirmed by comparison with literature values.

1. Structure Determination of Compounds Isolated from Canavalia rosea
1.1 Identification of Component CAR-1 (B-Sitosterol/Stigmasterol Mixture)
Component CAR-1 was obtained as colorless needles, giving a green color in
the Liebermann-Burchard test indicative of a steroidal skeleton.. The *C NMR
spectrum (Figure 14) of CAR-1 displayed 46 signals, some of which were doubled.
The proton signals at 6 5.12 (dd, J = 15.2, 8.4 Hz) and 5.03 (dd, J = 15.2, 8.4 Hz)
(Figure 13) could be assigned to H-22 and H-23, respectively, of stigmasterol. The
olefinic proton signal at 6 5.34 belongs to H-6 of both B-sitosterol and stigmasterol.
The integration ratio of H-6, H-22 and H-23 was approximately 3:1:1. Therefore,

CAR-1 was identified as a 2:1 mixture of B-sitosterol and stigmasterol by comparison
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of its *H and *C NMR data with reported values (Wright et al., 1978; Khalil and Idler,
1980; Iribarren and Pomilio, 1985; Heupel et al., 1986).
Comparison of its *C NMR data with reported values for B-sitosterol and

stigmasterol (Wright et al., 1978) was shown in Table 18.

6

[-Sitosterol

Stigmasterol

Table 18. *C NMR (75 MHz) spectral data of P-sitosterol, stigmasterol and
component CAR-1 (in CDCI5)

6 (ppm)
Position | B-Sitosterol® | Stigmasterol® CAR-1
1 37.3 37.3 37.4,37.4
2 31.6 31.7 31.8,31.8
3 71.7 718 71.8,71.8"
4 425 42.4 42.4,42.4
5 140.8 140.8 140.6, 140.6”
6 121.6 121.7 121.6,121.6"
7 31.9 31.9 32.0,32.0"
8 31.9 31.9 32.0,32.0°
9 50.2 50.2 50.2,50.2"
10 36.5 36.6 36.6,36.6°
11 21.1 21.1 21.2,21.2
12 39.8 39.7 39.9, 39.8"
13 42.3 42.4 424,424
14 56.8 56.9 56.8, 56.9"
15 24.3 24.4 24.4,24.4
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Table 18. *C NMR (75 MHz) spectral data of P-sitosterol, stigmasterol and
component CAR-1 (in CDCIs) (continued)

8 (ppm)

Position | -Sitosterol * | Stigmasterol * CAR-1
16 28.3 29.0 28.4,29.0"
17 56.1 56.1 56.0, 56.1"
18 11.9 12.1 12.0,12.17
19 19.4 19.4 19.5,19.5
20 36.2 40.5 36.2,40.6"
21 18.8 21.1 18.9,21.2°
22 34.0 138.4 34.1,138.2
23 26.1 129.3 26.2,129.17
24 45.9 51.3 45.9,51.3"
25 29.2 31.9 29.3,32.0"
26 19.8 21.3 20.0,21.4"
27 19.0 19.0 19.2,19.2
28 23.1 25.4 23.2,25.5
29 12.3 12.3 12.0,12.1°

#Wright et al., 1978
Stigmasterol

1.2 Identification of Compound CAR-2 (B-Sitosterol glucoside)

Compound CAR-2 was obtained as white-needle crystals which gave purple
coloration upon spraying with anisaldehyde-H,SO,. Liebermann-Burchard test of this
compound gave green color, suggesting the presence of a steroid skeleton.

In the "H NMR spectrum (Figure 15), a broad singlet at & 5.31 could be
assigned to the vinylic H-6 of the steroid nucleus. Two methyl singlets, three methyl
doublets and a methyl triplet appeared between & 0.60-1.00. A group of resonances
appearing at around & 2.70-3.20 were those belonging to a sugar moiety, while the
doublet at & 4.21 (J = 7.8 Hz) was assignable to its B-anomeric proton. The sugar
component of this compound was concluded to be 3-D-glucopyranose.

The **C NMR spectrum (Figure 16) exhibited 35 carbon signals. The two
most downfield signals at 6 140.3 and 121.1 could be assigned to the olefinic C-5 and
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C-6, respectively. The signal at 6 76.7 represented the oxygenated C-3 of the steroid
skeleton. The signal at 56 100.7 corresponding to the anomeric C-1' and five signals in
the range of 6 62.9-78.7 confirmed that compound CAR-2 should be a monoglycoside
of B-sitosterol. Comparison of its *C NMR data with those values previously
reported for B-sitosterol glucoside (Kojima et al., 1990; Mizushina et al., 2006)
revealed them to be fully in agreement (Table 19).

B-Sitosterol glucoside has been identified as a constituent of various plants
from several different families, including Spilanthes acmella (family Compositae)
(Krishnaswamy and Prasanna, 1975), Aframomum escapum (family Zingiberaceae)
(Ayimele, Tane and Connolly, 2004) and Thymelea hirsute (family Thymelaeaceae)
(Rizk and Rimpler, 1972). The compound, isolated from Tribulus terrestris (family
Zygophyllaceae), exhibited anthelmintic activity In vitro against the nematode
Caenorhabditis elegans (Deepak et al., 2002) and also stimulated human peripheral
blood lymphocyte proliferation (Bouic et al., 1996). It was also found in the brown-
skin of onions (Allium cepa) and shown to selectively inhibit the activity of

mammalian DNA polymerase A (pol A) in vitro (Mizushina et al., 2006).

[3-Sitosterol glucoside
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Table 19. **C NMR (75 MHz) spectral data of p-sitosterol-3-O-B-D-glucopyranoside
and compound CAR-2 (in DMSO-ds)

position B-sitosterol-3-O-B-D- ET-L1
glucopyranoside *°

1 37.5 36.9
2 30.3 29.4
3 78.2 76.7
4 39.4 384
5 141.0 140.3
6 122.0 121.1
7 32.2 31.5
8 32.1 315
9 50.4 49.7
10 38.0 36.3
11 21.3 20.7
12 40.0 39.0
13 42.5 41.9
14 56.9 56.2
15 24.6 24.0
16 28.6 27.9
17 56.3 55.5
18 12.0 11.8
19 19.3 19.2
20 36.4 35.6
21 19.1 18.8
22 34.3 33.5
23 26.4 25.6
24 46.1 45.2
25 29.5 28.8
26 19.5 19.8
27 20.0 19.1
28 23.4 22.8
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Table 19. **C NMR (75 MHz) spectral data of p-sitosterol-3-O-f-D-glucopyranoside
and compound CAR-2 (in DMSO-ds) (continued)

position B-sitosterol-3-O-B-D- ET-L1
glucopyranoside *°

29 12.2 11.9
1 102.6 100.7
2' 75.4 73.5
3 78.7 76.9
4’ 71.8 70.1
5 78.6 76.8
6’ 62.9 61.2

4400 MHz NMR, in pyridine-ds
® Mizushina et al., 2006

1.3 Identification of Compound CAR-3 (Rutin)

Compound CAR-3 was obtained as yellow powder. Its molecular formula was
determined as C,7H30016, according to [M-H]" ion peak in the ESIMS at m/z 609
(Figure 19). Its IR spectrum (Figure 18) exhibited absorption bands of hydroxyl
function at 3427 cm™ and conjugated carbonyl at 1600 cm™.

Five aromatic proton signals of two aromatic rings could be observed in its *H
NMR spectrum (Figure 20). Two broad singlets at & 6.18 and 6.37 were assigned to
the meta-coupling H-6 and H-8, respectively, of ring A of a flavonol aglycone.
Another aromatic proton system includes a signal at 6 6.83 (1H, d, J = 8.4 Hz, H-5'),
which ortho-coupled to a signal at & 7.53 (1H, d, J = 8.4 Hz, H-6'), and a broad
singlet at & 7.51. These three resonances represents the 1,3,4-trisubstituted ring B of
the flavonoid. A doublet appearing at 6 0.97 (3H, d, J = 5.1 Hz) and a broad singlet at
& 4.37 were assigned to the methyl group and the a-anomeric proton, respectively, of
a rhamnose unit; whereas, a doublet at 6 5.32 (1H, J = 7.2 Hz) could be assigned to
the pB-anomeric proton of a glucose moiety. Other sugar protons resonated in the
region of 6 2.80-3.80.

The *C NMR spectrum (Figure 21), in combination with DEPT experiments
(Figure 22), displayed 27 carbon signals including 15 signals of the flavonol
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aglycone and 12 signals of two sugar units. The quercetin aglycone was represented
by one carbonyl signal at 6 177.0 (C-4), five methine carbon signals at 5 93.4 (C-8),
98.5 (C-6), 115.0 (C-2'), 116.0 (C-5') and 121.3 (C-6'), and nine quaternary carbon
signals at 8 103.7 (C-10), 120.9 (C-1'), 133.0 (C-3), 144.4 (C-3'), 148.1 (C-4'), 156.1
(C-2), 156.3 (C-9), 160.9 (C-5) and 163.8 (C-7). Two anomeric carbons resonated at
6 100.5 (Rha-1) and 101.0 (Glc-1). Comparison of these spectral data with previously
published literature identified compound CAR-3 to be the flavonol glycoside rutin (or
quercetin 3-rutinoside) (De Britto et al., 1995).

Rutin has been used medicinally in the treatment of several ailments. For
example, it is an antioxidant with potential use for strengthening the immune system.
One study showed rutin to be effective in reducing oxidative damage to red blood
cells (Grinberg, Rachmilewitz and Newmark, 1994). It may also possess anti-
inflammatory and vasoactive properties (Casa et al., 2000). The flavonoid glycoside
displayed beneficial protective effects against reflux oesophagitis by inhibiting gastric
acid secretion, oxidative stress, inflammatory cytokine production (i.e. interleukin-1-

(IL-1-B), and intracellular calcium mobilization in polymorphonucleocytes (PMNSs) in
rats (Shin et al., 2002). Moreover, rutin, to some extent, enhanced antibacterial
activities of flavonoids against Bacillus cereus and Salmonella enteritidis (Arima,
Ashida and Danno, 2002) and exhibited hepatoprotective effect against paracetamol-
and carbontetrachloride-induced hepatotoxicity in rodents (Janbaz, Saeed and Gilani,
2002). The compound also showed significant analgesic (Harborne and Williams,
2000) and hypoglycemic activities in rats (Onunkwo, Akah and Udeala, 1998). Rutin
might therefore be useful in the treatment of clinical disorders.
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Table 20. 'H (300 MHz) and *C (75 MHz) NMR spectral data of rutin and
compound CAR-3 (in DMSO-dg)

Position Rutin ? CAR-3
™H (mult., J in Hz) Bc ™H (mult., J in Hz) Bc
2 - 156.4 - 156.1
3 - 133.3 - 133.0
4 - 177.4 - 177.0
5 - 161.2 - 160.9
6 6.20 (d, J = 2.1 Hz) 98.7 6.18 (br s) 98.5
7 - 164.1 - 163.8
8 6.39 (d, J=2.1 Hz) 93.6 6.37 (br s) 93.4
9 - 156.6 - 156.3
10 p 104.0 - 103.7
1 - 121.2 - 120.9
2' 7.55 (m) 115.2 7.51 (brs) 115.0
3 - 144.7 - 144.4
¥ i 1484 - 148.1
5 6.85 (d, J = 8.9 Hz) 116.3 6.83 (d, J = 8.4 Hz) 116.0
6 7.55 (m) 1216 7.53 (d, J = 8.4 Hz) 121.3
Glc-1 5.35(d, J = 7.3 Hz) 101.2 5.32 (d, J = 7.2 Hz) 101.0
Glc-2 74.0 73.9
Glc-3 76.3 76.3
Glc-4 70.6 70.4
Glc-5 75.9 75.8
Glc-6 67.0 66.9
Rha-1 4.40 (d, J = 1.2 Hz) 100.7 4.37 (br s) 100.5
Rha-2 70.4 70.2
Rha-3 70.3 69.9
Rha-4 718 71.7
Rha-5 68.2 68.1
Rha-6 1.00 (d, J = 6.1 Hz) 17.7 0.97 (d, J = 5.1 Hz) 17.7

2 De Britto et al., 1995
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1.4 Identification of Compound CAR-4 (Epi-inositol 6-O-methyl ether)

Compound CAR-4 was obtained as colorless crystals. Its molecular formula
was determined as C;H140s based on its ESIMS quasi-molecular ion peak ([M+Na]")
at m/z 217 (Figure 27), suggesting a cyclic structure. The IR spectrum (Figure 26)
exhibited a hydroxyl absorption band at 3336 cm™, C-H stretching bands at 2940 and
2929 cm™, and C-O stretching bands in the 1324-1103 cm™ region. The *H-NMR
spectrum (Figure 28 and Table 21) displayed six oxymethine proton signals at & 3.32
(ddd, J = 9.3, 4.9, 2.6 Hz, H-1), 3.43 (ddd, J = 6.6, 5.8, 2.6 Hz, H-2), 3.62 (ddd, J =
6.6, 3.4, 2.6 Hz, H-3), 3.62 (ddd, J = 6.6, 3.4, 2.6 Hz, H-4), 3.50 (ddd, J = 9.3, 6.6, 2.6
Hz, H-5) and 2.99 (t, J = 9.3 Hz, H-6); five hydroxyl proton doublets at 6 4.48 (J =
4.9 Hz, 1-OH), 4.30 (J = 5.8 Hz, 2-OH), 4.69 (J = 3.4 Hz, 3-OH), 4.60 (J = 3.4 Hz, 4-
OH) and 4.43 (J = 6.4 Hz, 5-OH); and one methoxy singlet at 6 3.43 (s, 6-OCHjs).

Seven *C NMR resonances (Figure 29 and Table 21), corresponding to six
oxymethine carbons and a methoxy carbon, appeared at 5 72.5 (C-1), 71.0 (C-2), 72.1
(C-3), 72.7 (C-4), 70.2 (C-5), 83.9 (C-6) and 59.8 (6-OCHp3), respectively. The most
downfield resonance at 6 83.9 indicated the site of methylation. Assignments for the
five remaining carbon and proton resonances on the cyclitol ring were determined by
'H-'H COSY (Figure 30) and HMQC (Figure 31) experiments

The orientation of hydroxyl groups and a methoxy group on the cyclohexane
ring was determined on the basis of coupling constant analysis. The signals at 6 3.43
(H-2) and 3.62 (H-4) corresponded to the equatorial hydrogens with the small
coupling constant characteristic of an Hax-Heq-Hax System  The most upfield triplet at
d 2.99 corresponded to- the axial hydrogen with the large coupling constant
characteristic of an Hax-Hax-Hax transaxial systems on the cyclitol ring (Obendorf et
al., 2005). The remaining hydrogens also exhibited large coupling constants.

From the above NMR spectral data, together with the information from
HMBC. (Figures 32a-32b and Table 21) and NOESY (Figure 33) experiments,

compound CAR-4 was identified as epi-inositol 6-O-methyl ether.
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Table 21. *H (500 MHz) and *C (125 MHz) NMR spectral data of compound CAR-4

with long-range correlations observed in the HMBC spectrum (in DMSO-dg)

Position 'H (mult., J in Hz) e HMBC
1 3.32(ddd, J=9.3,4.9,2.6 Hz) | 725
2 3.43(ddd, J=6.6,5.8,2.6 Hz) | 71.0
3 3.62 (ddd, J=6.6,3.4,2.6 Hz) | 72.1
4 3.62 (ddd, J= 6.6, 3.4,2.6 Hz) | 72.7
5 3.50 (ddd, J=9.3,6.6,2.6 Hz) | 70.2
6 2.99/(t; 3 =9.3 Hz) 83.9" | C+4,C-5,6-OCHj
1-OH 4.48 (d, J=4.9 Hz) - |c1,c2,c6
2-OH 4.30 (d, J=5.8 Hz) - [c2,c3
3-OH 4.69 (d, J = 3.4 Hz) - |c3,c4
4-OH 4.60 (d, J = 3.4 Hz) - |c4,c3
5-OH 4.43 (d, J = 6.4 Hz) - |c1,¢5
6-OCHs 3.43 (s) 50.8 | C-6
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1.5 Structure Elucidation of Compound CAR-6 (Canarosine)

Compound CAR-6 was obtained as pale yellow needles. The molecular
formula of compound CAR-6 was determined as C2oH30N4O3 based on its HRESIMS
quasi-molecular ion [M+H]" at m/z 375.2469 (Figure 35). Its IR spectrum (Figure
34) showed intense C=0O (amide) or C=N bands at 1657 and 1613 cm™ and a
prominent hydroxy band at 3429 cm™.

The *H spectrum (Figures 36a-36d) showed two doublets at § 1.72 (3H, d, J =
0.5 Hz, H-9) and 1.76 (3H, d, J = 0.5 Hz, H-10), corresponding to two methyl groups
which attached to a trisubstituted double bond of an isoprene unit. The olefinic
proton of this unit, appearing as a multiplet at § 5.15, also coupled to a methylene
resonance at 6 3.94 (2H, d, J = 6.5 Hz, H-6). Typical resonances of a ferulic amide
residue, including two doublets at 6 7.10 (J = 1.8 Hz, H-2') and 6.78 (J = 7.8 Hz, H-5)
and a doublet of doublets at 6 7.01 (J = 7.8, 1.8 Hz, H-6") for the aromatic ring; two
doublets at 6 7.43 (J = 15.6 Hz, H-7’) and 6.40 (J = 15.6 Hz, H-8') for the unsaturated
amide trans-double bond; and the methoxy singlet at & 3.86 (3'-OMe), could clearly
be observed. The *H-'H COSY spectrum (Figure 39) showed the spin system of a
four methylene chain (C;-C4) between & 1.57 and 3.34 indicating that it was placed
between two nitrogens, one of which was the ferulic amide NH. A spin system of an
isoprene unit, from the olefinic H-7 at 6 5.15 to either the methylene H-6 at 6 3.94 and
the gem-dimethyls H-9 and H-10 at & 1.72 and 1.76, respectively, was also confirmed
by the COSY spectrum. The downfield shift of the isoprene H-6 suggested its
connection to a heteroatom.

The **C NMR spectrum (Figure 37) and DEPT experiments (Figure 38)
exhibited twenty carbon signals including 3 methyls, 5 methylenes, 6 methines and 6
quaternary carbons. The amide carbonyl (C-9") appeared as the most downfield signal
at 6 169.2, while a quaternary carbon signal resonating at 6 157.5 (C-5) represented
the characteristic chemical shift of a guanidine group (Lonsti et al., 1998). The
chemical shifts in the aromatic amide part of C-2' and C-5', at 6 111.5 and 116.7,
respectively, confirmed that the methoxy group was at position 3'.

The HMBC spectrum (Figures 4la-41le, Table 22) showed the linkage
between the isoprene unit to the same guanidine nitrogen as the C;-C4 methylene
chain, as shown by cross peaks between H-4 at 6 3.33 and C-5 (6 157.5), C-6 (6 47.5)
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and between H-6 at 6 3.94 and C-4 (6 49.0), C-5. HMBC correlations supporting the
linkage of the ferulic amide to the C;-C,4 chain were those between H-1 at 8 3.34 to C-
2 (5 28.0), C-3 (5 25.4), C-9' (5 169.2) and H-2 at § 1.57 to C-1 (5 39.5), C-3, C-4.
These spectral data were further compared with those of fontaineine (see 1.23,
page 15), an acyclic guanidine-type alkaloid isolated from the leaves of Fontainea
pancheri (family Euphorbiaceae). However, compound CAR-6 differs from
fontaineine in that it contains only one isoprene unit and, therefore, was elucidated as

a new acyclic guanidine-type alkaloid, trivially named canarosine.

10

Canarosine

Major HMBC correlations of canarosine
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Table 22. 'H (500 MHz) and **C (125 MHz) NMR assignments of compound CAR-6
(in CD;0D)

Position 'H (mult., Jin Hz) Bc HMBC
1 3.34 (t,J =6.3 Hz2) 395 | C-2,C-3,C-9
2 1.57 (quintet, J = 6.3 Hz) 280 |C-1,C-3,C-4
3 | 1.65(m) 254 | C-2,C-4
4 3.33(m) 49.0 | C-2,C-3,C-5C-6
5 - 157.5 -
6 | 3.94(d,J=65Hz) 475 | C-4,C5 C-7,C8
7 515 (m) 1186 | C9,C-10
8 - 139.3 -
9 | L71(s) 181 | C-7,C-8,C-10
10 | 1.75() 259 | C-7,C-8,C9
1 / 127.9 -
2' 7.10 (d,J=1.8 Hz) 1115 | C-3',C-4',C-6',C-7’
3 - 149.1 -
4 - 149.9 -
5’ 6.78 (d, J =7.8 Hz) 116.4 | C-1’,C-3, C-4’
6 7.01(dd,J=7.8, 1.8 Hz) 123.1 | Cc-2’,C-4',C-7’
7 7.43(d, J=15.6 Hz) 142.1 | C-1',C-2',C-6', C-8', C-9’
8’ 6.40 (d, J = 15.6 Hz) 1183 | C-1', C-9
9 - 169.2 -
3-OMe | 3.86 (5) 56.4 | C-3'

2. Structure Determination of Compounds Isolated from Elateriospermum tapos
2.1 ldentification of Compound ET-S1 (Lupeol 3-acetate)
Compound ET-S1 was obtained as colorless needle crystals, soluble in hexane.

The EIMS spectrum (Figure 43) of compound ET-S1 exhibited a molecular ion peak

at mz 468, consistent with a molecular formula of C3;Hs,0,. Intense mass fragment

peaks at m/z 189, 191 and 218 were important in showing compound ET-S1 as having



129

a skeletal structure of the lupane-type triterpenoid (Budzikiewicz, Djerassi and
Williams, 1964).

The IR spectrum (Figure 42) displayed a strong band at 1734 cm™ indicating
carbonyl group and a band at 1246 cm™ representing C-O linkage. It could be
concluded that this compound consisted of ester bond.

The *H NMR spectrum (Figure 44) of this compound exhibited characteristic
resonances of exomethylene functional group as two one-proton singlets at 6 4.55 and
4.65. Eight methyl signals were also observed. Thirty-two carbon signals in its **C
NMR spectrum (Figures 45a-45b) could be differentiated, with the aid of DEPT
experiments (Figure 46), into those of 8 methyls, 11 methylenes, 6 methines and 7
quaternary carbons. The carbon signals at & 150.9 (C-20) and 109.4 (C-30)
represented disubstituted double bond of a lupane-type triterpenoid. The oxomethine
C-3 resonated at 6 81.0, while the carbonyl and methyl resonances at 6 170.8 and 21.4,
respectively, were those of the acetyl substituent at this position.

On the basis of the above evidence and by comparison with the literature,
compound ET-S1 was identified as lupeol 3-acetate (Sholichin et al., 1980) (Table
23), which has previously been reported as a constituent of E. tapos bark (Chow and
Quon, 1970). This triterpenoid was shown to significantly neutralize the damaging
effects of Daboia russellii venom such as its lethality, haemorrhagic effect and edema.
In addition, lupeol 3-acetate potentiated the protection by the antiserum against
venom-induced lethality in male albino mice (Chatterjee, Chakravarty and Gomes,
2006). Gupta et al. (2005) revealed that this compound at 10 mg/rat/day caused
significant reduction in the weight of reproductive organs, i.e. testes, epididymides,

seminal vesicle and ventral prostate.

Lupeol acetate
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Table 23. *C NMR spectral data of lupeol 3-acetate and compound ET-S1 (in CDCls,

75 MHz)
Position Lupeol ET-S1 Position Lupeol ET-S1
3-acetate 3-acetate

1 38.4 38.5 17 43.0 43.1
2 23.7 23.8 18 48.0 48.1
3 81.0 81.0 19 48.3 48.2
4 37.8 37.9 20 150.9 150.8
5 55.4 55.4 21 29.9 30.0
6 18.2 18.3 22 40.0 40.1
7 34.3 34.3 23 28.0 28.1
8 40.9 40.9 24 16.5 16.6
9 50.4 50.4 25 16.2 16.3
10 37.1 37.2 26 16.0 16.1
11 21.0 211 27 14.5 14.7
12 25.1 25.2 28 18.0 18.1
13 38.1 38.1 29 19.3 19.4
14 42.9 42.9 30 109.4 109.3
15 275 27.6 -CO-CH3 21.3 21.4
16 35.6 35.7 -CO-CH; 170.8 170.8

% Sholichin et al., 1980

.

+

ity o3|

m/z 191

Principal El mass fragments of lupeol acetate

2.2 ldentification of Compound ET-S2 (3-Acetyl aleuritolic acid)
Compound ET-S2 was obtained as colorless needle crystals, soluble in CHCls.

Its ESIMS data (Figure 48) showed a quasi-molecular ion [M+Na]* peak at m/z 521,

indicating the molecular formula C3,Hs0O4. The IR spectrum (Figure 47) displayed
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hydroxyl absorption bands at 3434 cm™, strong carbonyl bands at 1734 and 1688 cm™
and a band at 1246 cm™ representing C-O linkage, suggesting that the compound
could consist of carboxylic acid function and ester bond.

The *H NMR spectrum of this compound (Figure 49) exhibited an olefinic
proton signal at 6 5.51 (d, J = 4.8 Hz, H-15), an oxymethine signal at 5 4.44 (t, J = 8.4
Hz, H-3) and a methyl singlet of an acetyl group at & 2.02 (-O-CO-CHs). The °C
NMR spectrum (Figure 50) and DEPT experiments (Figure 51) showed 32 carbon
signals including those of 8 methyls, 10 methylenes, 5 methines and 9 quaternary
carbons. The carbonyl carbon of a carboxylic acid function resonated at 6 183.7 (C-
28), while an ester carbony! resonated at & 170.8 (3-OCO-CHs). Two sp? carbons of
a trisubstituted double bond between C-14 and C-15 gave peaks at & 160.3 (C-14) and
116.7 (C-15). The oxygenated sp® carbon appeared as a peak at § 80.9 (C-3). These
spectral data and other physical properties were very similar to those reported for 3-
acetyl aleuritolic acid (McLean et al., 1987), a taraxerane-type triterpenoid.
Therefore, compound ET-S2 was identified as 3-acetyl aleuritolic acid.

Acetyl aleuritolic acid, isolated from the leaves and root bark of Alchornea
cordifolia, was reported to have higher anti-inflammatory activity than indomethacin
(Mavar-Manga et al., 2008). It also exhibited inhibitory activity against
Staphylococcus aureus and Salmonella typhimurium at the minimum inhibitory
concentration (MIC) of 0.1 mg/ml (Peres et al., 1997).

3-Acetyl aleuritolic acid
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Table 24. **C NMR spectral data of 3-acetyl aleuritolic acid and compound ET-S2 (in
CDCls, 75 MHz)

Position 3-Acetyl ET-S2 | Position 3-Acetyl ET-S2
aleuritolic acid ® aleuritolic acid °

1 374 37.5 17 51.4 51.5
2 23.4 23.6 18 41.3 41.5
3 80.8 80.9 19 35.2 35.4
4 37.6 37.4 20 29.2 29.4
5 55.5 55.6 21 33.6 33.8
6 18.7 18.9 (4 30.6 30.8
7 40.7 40.8 23 27.9 28.1
8 39.0 39.1 24 16.5 16.7
9 49.0 49.1 25 15.6 15.8
10 37.9 38.0 26 26.1 26.3
11 17.2 17.5 27 22.4 22.6
12 33.2 33.4 28 184.2 183.7
13 37.2 37.8 29 31.8 32.0
14 160.5 160.3 30 28.6 28.8
15 116.8 116.7 -COCH; 170.9 170.8
16 31.3 314 -COCHs; 21.2 21.4

8 McLean et al., 1987

2.3 ldentification of Compound ET-S3 (Lupeol)

Compound ET-S3 was obtained as colorless needle crystals, soluble in hexane.

Its IR spectrum (Figure 52) demonstrated an absorption band at 3323 cm™ (O-H

stretching), suggesting the jpresence ‘of hydroxyl group.  The El mass spectrum

(Figure 53) exhibited a molecular ion peak at mz 426, equivalent to a molecular

formula of CsoHs00, and an [M-CHs]" peak at m/z 411. Intense mass fragment peaks
at m/z 189, 191 and 218 were suggestive of the lupane-type triterpenoid skeletal
structure for compound ET-S3 (Budzikiewicz et al., 1964).

The *H NMR spectrum (Figure 54) exhibited two characteristic singlet signals
(at 5 4.55 and 4.65) of the exomethylene function between positions 20 and 30 of a

lupane triterpene. Methyl singlets, similar to those of compound ET-S1, could be
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observed. However, there were one less methyl group, and the **C NMR spectrum of
compound ET-S3 (Figure 55) exhibited only 30 signals, including the olefinic C-20
(6 150.8) and C-30 (6 109.2) and the oxomethine C-3 at & 79.0. The upfield shift of
the latter signal and the absence of the acetyl signals helped in identifying this
compound as the triterpenoid lupeol, previously isolated from E. tapos bark by Chow
and Quon (1970). The NMR assignments were further confirmed by comparison with
literature values (Sholichin et al., 1980) (Table 25).

Lupeol has been shown as possessing in vitro activity against Plasmodium
falciparum (Alves et al., 1997), anticancer activity against HEp-2 (human larynx
epithelial carcinoma) cell line (Badami et al., 2003), anti-inflammatory activity (Kuhl
et al., 1984) and inhibitory activity against DNA polymerase  (Chaturvedula et al.,
2004). An abundant source of lupeol in nature might prove to be useful in the

development of medicinal agents.

Table 25. *C'NMR spectral data of lupeol and compound ET=S3 (in CDCls, 75 MHz)

Position Lupeol * ET-S3 Position Lupeol ET-S3
1 38.7 38.8 16 35.6 35.7

2 275 275 17 43.0 43.1

3 79.0 79.0 18 48.0 48.1

4 38.9 39.0 19 48.3 48.4

5

6

7

55.3 55.4 20 150.9 150.8
18.3 18.5 21 29.9 30.0
34.3 34.4 22 40.0 40.1
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Table 25. *C NMR spectral data of lupeol and compound ET-S3 (in CDCls, 75 MHz)
(continued)

Position Lupeol ? ET-S3 Position Lupeol ? ET-S3
8 40.9 40.9 23 28.0 28.1
9 50.5 50.5 24 15.3 15.5
10 37.2 37.3 25 16.1 16.3
11 21.0 21.1 26 16.0 16.1
12 25.2 Zo13 27 14.6 14.7
13 38.1 38.2 28 18.0 18.1
14 42.9 42.9 29 19.3 19.4
15 21.5 27.5 30 109.3 109.2

2 Sholichin et al., 1980

2.4 ldentification of Component ET-S4 (B-Sitosterol/stigmasterol Mixture)
Component ET-S4 was obtained as colorless needles, which gave a green
color with Liebermann-Burchard test indicating steroid nucleus. The NMR data of
compound ET-S4 were in full agreement with the published values of B-sitosterol and
stigmasterol mixture. In the *H NMR spectrum, the olefinic signals at & 4.99, 5.13
and 5.32 represented H-22 and H-23 of stigmasterol and H-6 of both (-sitosterol and
stigmasterol, respectively. The integration value for H-6 was twice that of either H-
22 or H-23 and, therefore, component ET-S4 was identified as a 1:1 mixture of -

sitosterol and stigmasterol, commonly found in numerous plants.

2.5 Identification of Compound ET-S5 (Germanicol palmitate)

Compound ET-S5 was obtained as-a white powder. Its. IR spectrum (Figure
57) exhibited major absorption bands at 2955, 2921, 2851 (C-H stretching), 1725
(C=0) and 1257 (C-O) cm™, suggestive of ester functional group.

The EI mass spectrum (Figure 58) exhibited a molecular ion peak at mz 664
corresponding to the molecular formula CssHgoO,. Intense mass fragment peaks at

m/z 177 and 189 were supportive of compound ET-S5 as being an olean-18-ene

triterpenoid (Budzikiewicz et al., 1963). The fragmentation pattern in the mass
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spectra showed a loss of 239 mass unit, equivalent to a palmitate moiety, to give an
ion peak of the triterpene alcohol at m/z 426 (Awasthi and Mitra, 1968).

In 'H NMR spectrum (Figure 59), a triplet at & 4.46 accounted for the 3a.-
oxymethine proton of the oleanane triterpene. The most downfield resonance was
that of an olefinic proton which appeared as a singlet at 6 4.84 (H-18). A group of
signals centered at & 1.23 represented a number of methylene protons within the
palmitate chain.

In the *C NMR spectrum (Figure 60), two olefinic carbons which resonated
at 6 142.5 and 129.6 could be assigned to C-18 and C-19 of the olean-18-ene skeleton,
respectively (Mahato and Kundu, 1994). The most downfield signal at & 173.5
belongs to carbonyl carbon of the palmitate ester.

Comparison of these spectral data with the literature helped in identifying
compound ET-S5 as germanicol palmitate (Gonzalez et al., 1981), a triterpene ester
previously isolated from the bark of E. tapos (Chow and Quon, 1970).

16
CH,(CH

Germanicol palmitate

Table 26. *C'NMR spectral data of germanicol and compound ET-S5 (in CDCls, 75
MHz)

Position | Germanicol ? ET-S5 Position | Germanicol ® ET-S5
1 38.5 38.0 19 129.8 129.6
2 27.4 26.3 20 32.3 32.0
3 79.0 80.6 21 33.4 33.4
4 39.0 38.5 22 374 37.5
5 55.7 55.6 23 28.0 28.1
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Table 26. 3C NMR spectral data of germanicol and compound ET-S5 (in CDCls, 75
MHz) (continued)

Position | Germanicol ET-S5 Position | Germanicol ® ET-S5
6 18.3 18.3 24 154 16.2
7 34.7 35.0 25 16.1 16.8
8 40.8 40.9 26 16.7 16.9
9 51.3 51.2 27 14.6 14.7
10 37.3 QLY 28 25.3 25.3
11 21.2 21.3 29 31.3 315
12 26.2 25.4 30 29.2 29.3
13 39.0 38.7 Ny - 173.5
14 43.4 43.4 2' - 34.4
15 27.6 2=t 3'-13' - 25.0-29.0
16 37.7 37.8 14’ - 32.5
17 34.4 34.6 15’ - 22.8
18 142.8 142.5 16’ - 14.3

4 Mahato and Kundu, 1994

m/z 204

CH,(CH,),,C00

m/z 189

El mass fragments of germanicol palmitate

2.6 ldentification of Compound ET-S6 (Yucalexin B-22)

Compound ET-S6 was obtained as colorless needles. Its molecular formula

m/z 177

was determined by TOF-ESIMS (Figure 62) as CyoH3003, from its quasi-molecular
ion [M+Na]" peak at m/z 341. The IR absorption bands (Figure 61) at 3397 and 1706

cm™ indicated the presence of hydroxyl and keto carbonyl groups, respectively.
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Its '"H NMR spectrum (Figure 63) exhibited four methyl singlets at  0.82 (H-
19 and H-20), 1.03 (H-18) and 1.07 (H-17). Two olefinic proton signals appeared as
doublets at & 5.60 (1H, d, J = 5.3 Hz, H-16) and 6.02 (1H, d, J = 5.3 Hz, H-15), while
two adjacent oxymethine protons resonated at & 3.63 (m, H-2) and 2.98 (d, J = 9.3 Hz,
H-3). The large coupling constant between these two oxymethine protons indicated
their trans-orientaton.

The *C NMR spectrum of compound ET-S6 (Figure 64) displayed twenty
carbon signals, indicating its diterpenoid nature. These signals were classified by
DEPT experiments (Figure 65) into those of one keto carbonyl (the most downfield
signal at & 211.5), four methyl groups (6 15.4, 16.8, 17.3 and 28.7), five methylene
carbons (5 19.9, 36.2, 36.3, 44.5 and 58.3), six methine carbons (6 54.6, 54.8, 68.5,
83.5, 136.2 and 139.1) and four guaternary carbons (6 38.4, 39.3, 49.2 and 57.3). The
presence of one disubstituted double bond was supported by the olefinic methine
resonances at & 139.1 (C-15) and 136.2 (C-16), while two oxymethine carbons
resonated at 6 68.5 (C-2) and 83.5 (C-3). Since the calculated degree of unsaturation
of this compound is six, of which two can be accounted for by a keto carbonyl and a
double bond, its skeletal structure should be a tetracyclic diterpenoid.

The positions of different functional groups within the diterpenoid structure
were confirmed by the HMBC experiment (Figures 68a-68b, Table 27). Cross peaks
between both H-18 and H-19 and C-3, as well as between H-1 (at 6 0.90 and 1.70)
and C-2, established the positions of two hydroxyl substituents at positions 2 and 3.
The keto carbonyl could be located at C-12 according to HMBC correlations of both
H-11 (6 2.30, dd, J = 16.8, 6.5 Hz) and H-17 to this carbon signal. The H-17 methyl
signal, through its long-range correlation with C-16, further helped in confirming the
position of double bond between C-15 and C-16 on ring D of the ent-beyerane
structure. '~ The trans-orientation of the methine H-2 and H-3 was based on the
coupling constant (9.3 Hz) between these protons.

Compound ET-S6 was therefore identified as ent-2a,3p-dihydroxybeyer-15-
en-12-one or yucalexin B-22, by analysis of the above spectral data and comparison
with published data (Sakai and Nakagawa, 1988). The diterpenoid has previously
been isolated from the roots of cassava (Manihot esculenta Crantz) (Sakai and

Nakagawa, 1988), also of the same family as E. tapos.
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Table 27. *H (300 MHz) and *C (75 MHz) NMR spectral data of yucalexin B-22 and
compound ET-S6 (in CDCls)

Yulcalexin B-22° - ET-S6
Position H 13 H 13
(mult., J in H?) C 1 (mult, Jin H) C | HMBC
1 0.93 (dd, J =12.0, 44.2 | 0.90 (m) 445 | C-2
12.0 Hz)
1.82(dd, J=4.5 1.70 (m) C-2,C-3,
Hz) C-10
2 3.65 (dd, J=9.5, 68.5 |3.63 (m) 68.5
3.5 Hz)
3 3.00 (d,J=4Hz) 83.6 [298(d,J=9.3Hz) | 835 |C-2,C-18,
C-19
4 - 39.2 - 39.3
5 0.97 (dd) 54.6 | 0.97 (overlap) 54.6
6 19.8 | 1.74 (overlap) 19.9
1.54 (overlap)
7 36.1 | 1.86 (overlap) 36.2 | C-8
1.44 (overlap)
8 - 49.2 - 49.2
9 1.63 (dd, J = 10.5; 54.8 | 1.61 (overlap) 548 | C-10
6.5 Hz)
10 - 54.6 - 38.4
11 2.43 (dd, J = 17.0, 36.2 |2.41(dd,J=16.8, 36.3 | C-9,C-10
10.5-Hz) 10.7)
2.30 (dd, J = 17.0, 2.30 (dd, J = 16.8, C-8, C-9,
10.5 Hz) 6.5 Hz) C-12
12 - 211.8 | - 2115
13 - 57.3 |- 57.3
14 1.62(d, J=11Hz) 58.3 | 1.57 (overlap) 58.3 | C-9
1.91(d,J=11Hz) 1.90 (overlap) C-8,C-9
15 6.02 (d,J=5.5Hz) | 139.3 | 6.02(d,J=5.3Hz) | 139.1 | C-8, C-13,
C-16
16 5.62(d,J=55Hz) | 136.4 |5.60(d,J=53Hz) | 136.2 | C-8, C-13,

C-15
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Table 27. 'H (300 MHz) and **C (75 MHz) NMR spectral data of yucalexin B-22 and
compound ET-S6 (in CDCls) (continued)

Yulcalexin B-22°2 . ET-S6
Position H 13 H 13
(mult., J in Hz) C ol (mult, Jin Ha) C | HMBC
17 | 1.10(s) 17.2 | 1.07 (3) 17.3 | C-12,C-16
18 | 1.11(s) 286 | 1.03 (s) 287 | C-3
19 | 0.86(s) 16.7 | 0.82 () 16.8 | C-3,C-4,
C-5, C-18
20 | 0.85(s) 152 | 0.82(s) 154 | C-1,C5,
C-9, C-10
2-OH | 2.05
3-0H | 2.19(d, J =4 H?)

? Sakai and Nakagawa, 1988

2.7 ldentification of Compound ET-S7 (Yucalexin P-17)

Compound ET-S7 was obtained as colorless needles having a molecular
formula of CyoH3003 based on its [M+H]" peak at m/z 319 in the TOF-ESI mass
spectrum (Figure 70). The IR spectrum (Figure 69) exhibited a carbonyl absorption
band at 1701 cm™ and O-H stretching band at 3459 cm™.

The *H NMR spectrum of compound ET-S7 (Figure 71) displayed four
methyl singlets at 6 0.85 (H-19), 0.91 (H-20), 1.14 (H-17) and 1.18 (H-18). The
olefinic proton signals at 6 5.85 (1H, dd, J = 17.6, 10.5 Hz, H-15), 5.18 (1H, d, J =
10.5 Hz, H-16cis) and 5.04 (1H, d, J = 17.6 Hz, H-16trans) indicated the
exomethylene characteristic of the compound. Another olefinic proton singlet at 6
5.10 (H-14) was also observed. An oxymethine broad singlet resonated at 6 3.96 (H-
3), while another oxymethine proton appeared as-a doublet of doublets at 6 3.46 (J =
12.3, 4.2 Hz, H-12).

The **c NMR (Figure 72)  and: DEPT experiments (Figure 73) displayed
twenty carbon resonances of the diterpenoid skeleton. These signals could be
differentiated as belonging to four methyl groups (6 15.0, 16.6, 24.9 and 29.2), five
methylenes (5 21.9, 28.4, 34.2, 50.9 and 117.0), six methines (5 25.0, 52.9, 75.5, 82.5,
128.7 and 141.4) and five quaternary carbons including one keto carbonyl function (&
439, 44.4, 456, 139.3 and 210.5). The presence of two double bonds was
demonstrated from the carbon signals at 6 141.4 (C-15), 117.0 (C-16), 136.3 (C-8)
and 128.7 (C-14). Two oxygenated methine carbons resonated at 6 82.5 (C-3) and
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75.5 (C-12), respectively. The calculated six degrees of unsaturation (from the
molecular formula of this compound) thus suggested it was a tricyclic diterpene.

The positions of different functional groups within the molecule were
confirmed by HMBC experiment (Figure 76, Table 28). The keto carbonyl could be
located at C-2 according to HMBC correlations of both H-1 and H-3 signals to this
carbon resonance at 6 210.5. Cross peaks between the signals of both H-18 and H-19
and C-3, and of both H-11 and H-17 and C-12, established the positions of two
hydroxyl substitutions at C-3 and C-12. The double bond between positions 8 and 14
was confirmed by long-range coupling between H-11 and C-8, H-14 and C-7, and
between H-17 and C-14, while the exomethylene double bond between positions 15
and 16 was proven by cross peaks between H-12, H-14 and H-17 to C-15 and between
both cis and trans H-16 to C-13 (5 43.9).

By analysis of the above spectral data and comparison with previously
reported data, compound ET-S7 was therefore identified as the pimarane diterpene
yucalexin P-17 or ent-3f3,12p-dihydroxypimara-8(14),15-dien-2-one (Sakai and
Nakagawa, 1988), which has been reported as a stress metabolite from cassava roots,
Manihot esculenta (Euphorbiaceae). The *C NMR assignments of this compound are

reported herein for the first time.

16

Yucalexin P-17
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Table 28. *H (300 MHz) and **C (75 MHz) NMR spectral data of yucalexin P-17 and
compound ET-S7 (in CDCls)

Yucale>1(in p-17 ¢ . ET-S7
Position H 13 H
(mult., J in Hz) C 1 (mult, Jin Ha) HMBC
1 2.29 50.09 2.25 C-2, C-3, C-10,
(dd, J =13, 2 Hz) (d,J=13.0Hz) |C-20
2.43 241 C-2, C-3, C-6,
(d, J=13 Hz) (d,J=13.0Hz) |C-9,C-10,C-20
2 - 210.5 - -
3 3.96 825 3.96 (brs) C-2, C-4, C-18,
(dd, J =5, 2 H2) C-19
3-OH 3.43(d,J=5H2) -
4 - 44.4 - -
5 1.69 dd 52.9 1.69 (overlap) C-3
6 21.9 1.45 (overlap)
1.75 (overlap)
7 34.2 2.10 (overlap)
2.45 (overlap)
8 - 136.3 - -
9 2.23 52.0 2.20
(dd, J=12,10 Hz) (overlap)
10 - 45.6 - -
11 1.42 28.4 1.38 (overlap) C-9, C-10,C-12
(ddd, J =12, 10 Hz)
1.61 1.58 (overlap) C-8, C-9,
(ddd, J= 12, 3.5 HZ2) C-10, C-12
12 3.46 75:5 3.46 C-15, C-17
(ddd, J =12, 8, 3.5 Hz) (dd,J=12.3,4.2
Hz)
12-OH 3.40 (d, J =8 Hz) - -
13 - 43.9 - -
14 5.13dd 128.7 5.10 (s) C-7, C-9,
C-12, C-15
15 5.88 141.4 5.85 C-12, C-13,
(dd, J=17.5, 11 Hz) (dd,J=17.6,10.5 | C-14, C-17
Hz)
16 521 117.0 5.18 C-13
(dd, J =11, 11 Hz) (d, J=10.5H2)
5.07 5.04 C-13
(dd, J=17.5, 11 Hz) (d, J=17.6 H2)
17 1.17 (s) 24.9 1.14 (s) C-12, C-14,
C-15
18 1.21 (s) 29.2 1.18 (s) C-3, C-19
19 0.71 (s) 16.6 0.85 (s) C-3
20 0.79 (s) 15.0 0.91 (s) C-5, C-9, C-10

% Sakai and Nakagawa, 1988



142

2.8 lIdentification of Compound ET-S8 (Scopoletin)

Compound ET-S8 was obtained as pale yellow crystals which showed
fluorescent spot under UV light. Its IR spectrum (Figure 78) showed absorption
bands of hydroxyl function at 3338 cm™, aromatic ring at 1435-1628 cm™ and
carbonyl function at 1704 cm™. The TOF-ESIMS spectrum (Figure 79) exhibited a
quasi-molecular ion [M+Na]" peak at m/z 215, consistent with a molecular formula of
C10HsO4.

Its 'H NMR spectrum (Figure 80) revealed a methoxyl singlet at § 3.93. A
pair of doublets at 6 6.25 and 7.58 (each 1H, J = 9.3 Hz) represented the cis-coupling
H-3 and H-4, respectively, of the unsubstituted pyrone ring. This feature is
characteristic of a coumarin nucleus (Steck and Mazurek, 1972). A pair of singlets at
d 6.83 and 6.90 corresponded to the para-positioned aromatic H-5 and H-8,
respectively.

The **C spectrum (Figure 81) showed a lactone carbonyl peak at § 161.2 (C-
2), four methine carbons at 6 113.3 (C-3), 143.1 (C-4), 107.4 (C-5) and 103.1 (C-8),
four quaternary carbons at 111.4 (C-5a), 143.8 (C-6), 150.1 (C-7) and 149.5 (C-8a)
and one methoxyl carbon at 6 56.5. The deshielded aromatic carbon signal at 6 149.5
was presumably attached to oxygen and, therefore, was assigned to C-8a. All
quaternary carbons of compound ET-S8 were assigned according to HMBC
experiment (Figure 84). The lactone carbonyl C-2 was correlated to both H-3 and H-
4, while C-6 was correlated to H-5 and H-9 singlets (6 3.93). C-7 signal displayed an
HMBC cross peak with H-5. The quaternary C-5a was long-range correlated to H-3
and H-8, while C-8a was correlated to both H-5 and H-8.

Compound ET-S8 was identified as scopoletin by analyses of these spectral
data and comparison of its *H and **C NMR properties with previously published data
(Lin, Yang and Chou, 2002).

Scopoletin is a coumarin previously isolated from several plants of the family
Rutaceae e.g. from Skimmia laureola aerial parts (Razdan et al., 1987), Eriostemon
myoporoides aerial parts (Sarker et al., 1994), Clausena anisata roots (Ojewole,
2002), Zanthoxylum schinifolium bark (Chang et al., 1997), Pamburus missionnis
fruits (Kumar et al., 1994), Murraya gleinei leaves (Wickramaratne, Kumar and
Balasubramaniam, 1984), Aegle marmelos roots (Shoeb, Kapil and Popli, 1973) and
Dictamus angustifolius root bark (Wu et al., 1999). The coumarin was also widely
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found in other plant families such as Compositae e.g. Artemisia dracunculoides above
ground parts (Herz, Bhat and Santhanam, 1970), Leguminosae e.g. Echinosophora
koreensis roots and stem (linuma et al., 1993), Apiaceae e.g. Bupleurum fruticosum
roots (Pistelli et al., 1996), Oleaceae e.g. Olea africana bark (Tsukamoto et al., 1984),
Rubiaceae e.g. Xeromphis obovata root bark (Sibanda et al., 1989), Nyssaceae e.g.
Nyssa sylvatica wood (Li, Elsohly and Clark, 2000), Meliaceae e.g. Guarea
rhophalocarpa leaves (Camacho et al., 2001) and Aglaia crassinervia bark (Su et al.,
2006), Dipterocarpaceae e.g. Dipterocarpus hasseltii bark (Muhtadi et al., 2006) and
Vahliaceae e.g. Vahlia capensis aerial parts (Majinda et al., 1995).

Scopoletin has been shown to possess hepatoprotective and antioxidant
activities (Kang et al., 1998; Shaw et al., 2003). Antiproliferative action was also
demonstrated on some tumoral cells, inducing apoptosis on PC3 cells (human
androgen-independent prostate adenocarcinoma) (Liu et al., 2001). It exhibited
antitumor activity on P-388 lymphocytic leukemia (Cassady et al., 1979). The
coumarin suppressed acetylcholine-induced contractures of toad rectus abdominis
muscle (Ojewoleand and Adesina, 1983). Kang et al. (1999) showed that scopoletin
inhibited nitric oxide synthesis in dose-dependent manner in murine macrophage-like
RAW 264.7 cell stimulated with interferon-y plus lipo-polysaccharide.
Immunomodulatory effects were reported for noni (Morinda citrifolia), a medicinal
plant rich in scopoletin, which was found to enhance the host immune system

involving macrophages and lymphocytes (Hirazumi et al., 1994).

9 5 4
MeO 6 5a AN 3
7 2
HO . ga O (@)

Scopoletin
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Table 29. *H (300 MHz) and *C (75 MHz) NMR spectral data of scopoletin and
compound ET-S8 (in CDCls)

Position 1Scopoletin 4 . . ET-82133
H C H C HMBC

2 - 164.0 - 161.2

3 6.18(d,J=9.5Hz) | 1126 | 6.25(d,J=9.3Hz) | 113.3 | C-2, C-5a

4 7.83(d,J=9.5Hz) | 146.1 | 7.58(d,J=9.3Hz) | 143.1 | C-2, C-5,
C-8a

5 7.09 (s) 110.0 6.83 (s) 107.4 | C-4,C-6,
C-7,C-8a

5a - 112.6 - 111.4

6 - 147.1 - 143.8

7 - 152.9 - 150.1

8 6.75 (S) 104.0 6.90 (s) 103.1 | C-4, C-5a,
C-8a

8a - 151.4 - 149.5

9 3.90 () 56.8 3.93 () 56.5 | C-6

% Lin, Yang and Chou, 2002

2.9 Structure Elucidation of Compound ET-S11 (2,3-Seco-sonderianol)

The molecular formula of compound ET-S11, CyH260s, was assigned
according to its [M+Na]" peak at m/z 369.1680 in the high resolution ESIMS (Figure
87). Its IR spectrum (Figure 86) exhibited a strong carbonyl absorption band at 1698
cm™ and O-H stretching band at 3430 cm™. A band at 927 cm™ could be attributed to
the out-of-plane C-H vibration of pentasubstituted aromatic ring.

Its '"H NMR spectrum (Figure 88) displayed a broad singlet at & 8.87
assignable to a phenolic hydroxyl group (12-OH) and a singlet of an aromatic proton
located ortho to that moiety.at. 6 6.67 (H-11). . Three sets of signals appearing at
6.55 (1H, dd, J = 11.4, 18.0 Hz, H-15), 5.48 (1H, d, J =11.4 Hz, H-16a) and 5.09 (1H,
d, J = 18.0 Hz, H-16b) were characteristic of an ' AMX terminal vinyl system. Four
methyl singlets were observed, including those of an aromatic methyl at 3 2.01 (H-17),
a tertiary methyl at & 1.38 (H-20), and two geminal methyls at 6 1.11 (H-18) and &
0.81 (H-19). An AB system at 6 2.56 and 2.33 (each 1H, d, J = 14.6 Hz, H-1a and H-
1b) assignable to the H-1 methylene protons of a 2,3-seco-diacid terpenoid was also
detected.

The **C NMR spectrum (Figure 89), in combination with DEPT experiments
(Figure 90), showed the presence of four methyl, four methylene, three methine (1
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sp® and 2 sp?) and nine quaternary carbons (2 sp® and 7 sp? including 2 carbonyls).
These data indicated that compound ET-S11 was a cleistanthane diterpene very
similar to sonderianol, a diterpene isolated from Croton sonderianus (Craveiro and
Silveira, 1982), with the only difference being the C-2/C-3 cleavage of its ring A,
producing a 2,3-diacid.

HMBC correlations (Figures 93a-93d, Table 30) of the methylene H-1 to C-2
carbonyl (5 171.8) and of H-18 and H-19 methyl protons to C-3 carbonyl (& 180.6)
confirmed the bond fission of ring A. The position of the hydroxyl group at C-12 was
supported by HMBC cross peaks of the hydroxyl proton at 6 8.87 to C-11 (6 110.1),
C-12 (56 153.1), and C-13 (6 119.1). Correlations of both H3-17 and H,-16 to C-14 (6
137.7), and of H-15 to C-8 (5 124.0) confirmed the position of the double bond in the
terminal vinyl between positions 15 and 16.

The NMR assignments of compound ET-S11 were compared with those of
sonderianol (Craveiro and Silveira, 1982) and a 2,3-seco ring A diterpenoid
(Tsichritzis and Jakupovic, 1990). Its relative stereochemistry was assumed to be the
same as those of sonderianol and other diterpenes isolated from this plant. The
structure of compound ET-S11 was therefore elucidated as ent-12-hydroxy-2,3-seco-

8,11,13,15-cleistanthatetraen-2,3-dioic acid and named 2,3-seco-sonderianol.

2,3-Seco-sonderianol
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Table 30. *H (300 MHz) and **C (75 MHz) NMR assignments of compound ET-S11

(in DMSO-dg)
iy 13 H
Position C (mult., J in Hz) HMBC
1 49.5 2.56 (d, J = 14.6 Hz) C-2, C-5, C-6, C-9, C-10
2.33(d, J =14.6 Hz) C-2,C-5, C-10
2 171.8 - -
3 180.6 - -
4 44.8 - -
5 42.9 2.71 (br s) C-4, C-6, C-10, C-19
6 20.8 2.01 (overlap) C-4
1.77 (m) C-10
7 25.8 2.56 (overlap) C-5,C-6
8 124.0 - -
9 142.3 - -
10 40.7 - -
11 110.1 6.67 (S) C-8, C-10, C-12, C-13
12 153.1 - -
13 119.1 - -
14 137.7 - -
15 135.7 6.57 C-8, C-13,C-14, C-16
(dd, J=18.0, 11.4 Hz)
16 118.9 5.48 (d, J =11.4 Hz) C-14
5.09 (d, J = 18.0 Hz) C-14, C-15
17 13.2 2.01 (s) C-12,C-13,C-14
18 27.8 1.11 (s) C-3,C-4, C-5,C-19
19 22.6 0.81 (s) C-3,C-4, C-5, C-18
20 24.3 1.38 (s) C-1,C-5, C-9, C-10
12-OH - 8.87 (s) C-11, C-12, C-13

2.10 Identification of Compound ET-S12 (Yucalexin P-15)

Compound ET-S12 was obtained as yellow oil.

Its molecular formula was

determined by TOF-ESI MS as CxH2604 on the basis of the [M+H]* peak observed at

m/z 331 (Figure 96). The number of carbon atoms indicated that the compound was a

diterpenoid.

bands at 1718 and 1667 cm™, and O-H stretching band at 3446 cm™.
Its '"H NMR spectrum (Figure 97) showed four methyl singlets at & 0.80 (H-
19), 1.07 (H-17), 1.19 (H-20) and 1.19 (H-18) which correlated to the carbon signals

Its IR spectrum (Figure 95) exhibited prominent carbonyl absorption

at 6 16.4, 21.4, 21.4 and 28.1, respectively. The vinylic exomethylene group was
represented by olefinic proton signals at & 6.24 (1H, dd, J = 18.0, 11.1 Hz, H-15),
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5.26 (1H, d, J = 18.0 Hz, H-16trans) and 5.35 (1H, d, J = 11.1 Hz, H-16cis). An
olefinic proton appeared as a multiplet at 6 6.40 (H-7), whereas an olefinic singlet
could also be observed at 6 5.61 (H-11). Two oxymethine protons resonated as
singlets at 6 4.24 (H-14) and 3.95 (H-3).

The *C NMR spectrum of compound ET-S12 (Figure 98) exhibited twenty
carbon signals, including those of four methyls (5 16.4, 21.4, 21.4 and 28.1), three
methylenes (6 24.5, 48.8 and 116.6), six methines (6 46.6, 78.7, 82.0, 116.4, 134.0
and 137.3), five quaternary carbons (6 43.0, 44.9, 53.9, 132.1 and 159.1), and two
keto carbonyls (6 200.9 and 208.9). The vinylic double bond gave peaks at & 137.3
(C-15) and 116.6 (C-16), while two trisubstituted double bonds were represented by
carbon signals at & 134.0 (C-7)/ 132.1 (C-8) and at 6 159.1 (C-9)/ 116.4 (C-11),
respectively. Therefore, according to the calculated degree of unsaturation from its
molecular formula and these spectral data, compound ET-S12 was a tricyclic
diterpene with two carbonyls and three double bonds.

HMBC correlations (Figure 102, Table 31) from the signals of H-1, H-18 and
H-19 to C-3, and from H-14 signal to C-7, C-8, C-9, C-12, C-13 and C-15 established
the positions of 3-OH and 14-OH. Two keto carbonyls were located at C-2 (& 208.9)
and C-12 (5 200.9) according to HMBC correlations of both H-1 and H-3 to C-2 and
of H-14 to C-12. The positions of conjugated double bonds at C-7/C-8 and C-9/C-11
could be confirmed by the long-range coupling between H-14 to C-7 and C-8, and
between H-11 to C-8. The position of terminal vinyl system at position 13 was
likewise confirmed by cross peaks from H-16 signal to C-15 and C-13 signals. This
skeletal structure is typical of pimarane-type diterpenoids.

Analysis of these NMR data of compound ET-S12 and comparison with the
literature (Sakai and Nakagawa, 1988) led to its identification as ent-3(3,14a-
dihydroxypimara-7,9(11),15-triene-2,12-dione or yucalexin P-15.

18 19

Yucalexin P-15
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Table 31. *H (300 MHz) and **C (75 MHz) NMR spectral data of yucalexin P-15 and
compound ET-S12 (in CDCl3)

Yucalexin If-15 a 1ET-SlZ
Position | 13 H 13 H
C 1 (mult, Jin Hz) C 1 (mult, Jin Ha) HMBC
1 48.9 2.66 48.8 2.62 C-2, C-3,
(dd, J = 12, 1 H2) (d,J=126Hz) |C-5 C-10,
C-18
2.71 2.72 C-2, C-3,
(d, J = 12 Hz) (d,J=129Hz) |C-5,C-10,
C-18
2 209.3 - 208.9 - -
3 82.1 3.99 82.0 3.95 (s) C-2, C-4,
(dd, J = 5,1 Hz) C-18, C-19
3-OH 3.43 (d,J =5 Hz) ] -
4 45.1 - 44.9 - -
5 | 471 2.09 (dd) 46.6 2.00 C-4, C-6,
(dd, J = 11.2, 4.7 Hz) | C-10, C-18,
C-20
6 24.4 24.5 2.34 (m)
2.53
(dt, J = 19.5, 5.1 Hz)
7 | 1168 134.0 6.40 (m) C-5, C-13
8 131.0 - 132.1 -
9 161.7 - 159.1 -
10 43.2 - 43.0 -
11 | 1316 5.64 116.4 5.61 (s) C-8, C-10
12 - 200.9 -
13 55.6 - 53.9 -
14 | 731 4.35 (m) 78.7 4.24 (s) C-7,C-8,
C-9, C-12,
C-13, C-15
14-OH 1.88 (d. J = 3H2)
15 138.7 5.93 137.3 6.24 C-12
(dd,J=175,11 (dd,J=18.0,11.1
Hz) Hz)
16 118.3 5.47 116.6 5.26 C-13, C-15
(dd, J =11, 1 Hz) (d, J = 18.0 Hz)
5.31 5.35 C-13
(dd, J = 17.5, 1 Hz) (d, J=11.1 Hz)
17 | 212 1.16 (s) 21.4 1.07 (5) -
18 | 280 1.23(s) 28.1 1.19 (s) C-3
19 | 163 0.84 (s) 16.4 0.80 (s) C-3,C-4,
C-5, C-18
20 | 141 1.07 (s) 21.3 1.19 (s) C-5, C-10

? Sakai and Nakagawa, 1988
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2.11 Identification of Compound ET-S14 (Oleic acid)

Compound ET-S14 was obtained as white plates having the molecular formula
of CigH340,, on the basis of its [M]" peaks at m/z 282 in the EI mass spectrum
(Figure 104). Its IR spectrum (Figure 103) exhibited absorption bands of aliphatic
C-H at 2918 and 2850 cm™, and carboxylic acid at 1705 cm™.

The *H NMR spectrum (Figure 105) displayed a broad triplet of a methyl
group at the end of an aliphatic chainat & 0.86 (J = 6.6 Hz, H-18) which coupled to a
methylene signal at 6 1.61 (m, H-17). The methylene proton next to a carbonyl group
resonated at 6 2.33 (t, J = 7.5 Hz, H-2), while other aliphatic methylene protons
appeared as broad singlet at 5 1.24 (H-4-H-7 and H-11-H-15). The most downfield
signal in its *C NMR spectrum (Figure 106) at 8 179.4 ppm belongs to that of the
carboxylic carbonyl (C-1). Two olefinic signals at 6 129.6 and 129.9 represented C-9
and C-10, respectively, of the cis-double bond. Other signals between & 29.2-29.9
were those of the methylene C-4 - C-7 and C11 - C-15. Comparison of these data
with literature (Kalinowski and Braun, 1988) identified compound ET-S14 as the
unsaturated fatty acid, oleic acid.

1
16 14 12 0 9 7 5 3
18 W\/\/\/—COOH
17 15 118 gl 8 6 4 2

Oleic acid

Table 32. *C NMR Spectral data of oleic acid and compound ET-S14 (in CDCls, 75
MHz)

Position Oleic acid® ET-S14
1 180.1 179.4
2 34.3 34.1
3 25.0 24.8
4 29.3
5 29.3
6 29.3 29.2-29.9
7 29.9
8 27.5 27.3
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Table 32. *C NMR Spectral data of oleic acid and compound ET-S14 (in CDCls, 75
MHz) (continued)

Position Oleic acid® ET-S14
9 129.8 129.6
10 130.1 129.9
11 29.5
12 29.9
13 29.6 29.2-29.9
14 29.8
15 29.6
16 32.3 32.0
14 22.9 22.8
18 14.2 14.2

& Kalinowski and Braun, 1988

2.12 ldentification of Compound ET-S15

Compound ET-S15 was obtained as colorless needles, which displayed
[M+Na]" peak in its TOF-ESI mass spectrum (Figure 108) at m/z 205, equivalent to a
molecular formula of CgH1004. The IR spectrum (Figure 107) showed hydroxyl
absorption band at 3346 cm™ and o, B-unsaturated carbony! absorption at 1675 cm™

The *H NMR spectrum (Figure 109) showed an aldehydic proton signal at &
9.80 (s). It displayed a singlet signal for two equivalent aromatic protons at 6 7.14
(H-2 and H-6), indicating its symmetrical, tetra-substituted-structure. A methoxy
singlet at 6 3.96 also represented two symmetrical methoxy groups, which resonated
at & 56.5 (3-OMe and 5-OMe)-in-the *C NMR-spectrum (Figure 110).. The carbon
spectrum, in combination with DEPT experiments (Figure 111), also showed two
methine carbon resonances at 6 106.7 (C-2 and C-6), three quaternary carbon
resonances at & 128.5 (C-1), 140.8 (C-3 and C-5) and 147.4 (C-4), and an aldehyde
carbonyl peak at 6 190.7.

Therefore, compound ET-S15 was identified as 3,5-dimethoxy-4-hydroxy
benzaldehyde or syringaldehyde (Borges-Del-Castillo et al., 1983).
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Syringaldehyde is a common plant secondary metabolite. The compound has
previously been isolated from plants such as Bulbophyllum odoratissimum
(Orchidaceae) (Chen et al., 2008), Populus lasiocarpa (Salicaceae) (Greenaway,
Scaysbrook and Whatley, 1988), Rhamnus pubescens (Rhamnaceae) (Sharp et al.,
2001) and Ambrosia cumanensis (Compositae) (Borges-Del-Castillo et al., 1983).

Syringaldehyde

Table 33. 'H NMR spectral data of syringaldehyde and compound ET-S15 (in CDCls,
300 MHz)

Syringaldehyde * ET-S15
Position TH (mult) TH (mult) e HMBC
1 - E 1285 -
2,6 7.10 (3) 714 5) 106.7 | C-3, C-4, CHO
3,5 - - 140.8 -
3-OMe 3.90 (s) 3.96 (s) 565 | C-3
5-OMe 3.90 (5) 3.96 (5) 565 | C5
4 - - 147.4 -
4-OH 6.55 (br s) 6.03 (5) - C-3,C4
CHO 9.80 (5) 9.80 (5) 1907 [C-2,C6

% Borges-Del-Castillo et al., 1983

2.13 Identification of Compound ET-S17 (Amentoflavone)

The yellow compound ET-S17 gave orange-red color with Shinoda’s test. Its
TOF-ESI mass spectrum (Figure 117) exhibited the [M-H]® peak at m/z 537,
consistent with a molecular formula of CzHi15010. This was supported by thirty
carbon signals in its *C NMR spectrum (Figure 119), mostly in aromatic region.
These properties, especially the number of carbon atoms, indicated compound ET-S17
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to be a biflavonoid. The IR spectrum (Figure 116) showed signals for hydroxyl
group at 3434 cm™ and conjugated carbonyl at 1645 cm™. The UV spectrum (Figure
115) showed absorption maxima at 334, 271 and 215 nm, identical to those of the
flavone apigenin, suggesting that the compound was built up of two apigenin units
(Garg and Mitra, 1971).

The *H NMR spectrum (Figure 118) showed 12 aromatic proton resonances
and two hydrogen-bonded hydroxyl signals at 6 12.99 (5-OH) and 13.15 (5"'-OH).
Both H-3 and H-3" of each flavone unit resonated as singlets at 6 6.70 and 6.63,
respectively. The signals at & 6.21 (1H, br s) and 6.48 (1H, br s) could be assigned to
the meta-coupled H-6 and H-8, respectively, while another singlet at 6 6.41 was
assigned to H-6", suggesting that the linkage was at C-8". A proton system of one
ring B consists of a two-proton doublet which appeared at 6 7.64 (H-2'"" and H-6""")
and ortho-coupled (J = 8.6 Hz) to another two-proton doublet at 6 6.80 (H-3'"” and H-
5""). Another ring B proton system consists of a doublet at 6 7.21 (J = 8.7 Hz, H-5')
which ortho-coupled to a doublet of doublets at 6 8.00 (J = 8.7, 2.4 Hz, H-6') which,
in turn, meta-coupled to a doublet at 6 8.10 (J = 2.4 Hz, H-2'). Therefore, the linkage
of two apigenin units of compound ET-S17 appeared to be between C-3' and C-8"".

From the above spectral data and by comparison with literature values,
compound ET-S17 was identified as the biflavonoid amentoflavone (Markham,
Sheppard and Geiger, 1987). This compound has been found from the leaves of
Ginkgo biloba (Ginkgoaceae) (Bedir et al., 2002) and Podocarpus taxifolia
(Podocarpaceae) (Hameed, et al. 1973), and from the leaves and twigs of
Celaennodendron maxicanum (Euphorbiaceae) (Castaneda et al., 1992). This
biflavonoid has been reported to have inhibitory effect on phospholipase A2 activity.
It inhibited the enzyme cyclooxygenase from guinea-pig epidermis without affecting
lipoxygenase (Kim et al., 1998). The compound also inhibited phospholipase Cyl
(Lee et al., 1996), DNA topoisomerase (Grynberg et al., 2002) and the production of
aflatoxin by Aspergillus flavus (Gongalez, Felicio and Pinto, 2001).



Amentoflavone
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Table 34. *H (300 MHz) and **C (75 MHz) NMR spectral data of amentoflavone and
compound ET-S17 (in acetone-ds)

Position Ament%flavone i X _ET—Sl7
C H (mult., J in Hz) Bc
2 164.1 - 165.0
3 103.2 6.70 (s) 103.8
4 181.9 - 183.1
5 161.6 - 163.1
5-OH y 12.99 (s) -
6 98.8 6.21 (brs) 99.7
7 163.9 - 164.9
8 94.2 6.48 (br s) 94.8
9 157.6 - 159.0
10 104.0 - 105.4
1 120.3 - 123.3
2' 127.9 8.10 (d, J =2.4 Hz) 132.6
3 121.7 - 121.1
4 159.6 - 161.8
5’ 116.4 7.21 (d, J=8.7Hz) 117.6
6’ 131.6 8.00 128.7
(dd, J = 8.7, 2.4 Hz)
2" 164.3 - 165.1
3" 102.8 6.63(s) 103.8
4" 182.2 - 183.5
5" 160.8 - 160.6
5"-OH - 13.15¢(s) -
6" 99.1 6.41 (s) 99.9
7" 161.9 - 163.4
8" 104.1 - 104.3
9" 154.7 - 156.0
10" 104.0 - 105.4
1 121.4 - 123.2
21 6" 1283 7.64 (d, J = 8.6 Hz) 129.1
3", 5" 116.0 6.80 (d, J = 8.6 Hz) 116.7
4 161.1 - 162.8

& Markham, Sheppard and Geiger, 1987
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2.14 ldentification of Compound ET-F6 (Putraflavone)

ET-F6 was another yellow compound which gave an orange-red color with
Shinoda’s test. Its TOF-ESI mass spectrum (Figure 125) exhibited [M+H]" peak at
m/z 567 consistent with a molecular formula of C3;H2,010. The IR spectrum (Figure
124) showed hydroxyl band at 3407 cm™ and carbonyl bands at 1663 and 1655 cm™,
whereas its UV spectrum (Figure 123) showed absorption maxima identical to those
of amentoflavone, suggesting compound ET-F6 to be a derivative of amentoflavone.

The *H NMR spectrum (Figure 126) showed similar resonance pattern to that
of amentoflavone, with the additional presence of two methoxy signals at 3.81 (7-
OMe) and 3.74 (4'"-OMe). This was supported by two methoxy carbon signals which
resonated in the *C NMR spectrum (Figure 127) at & 56.1 and 55.6, respectively.

The doublet at 8 6.34 was assigned to H-6 of ring A which meta-coupled (J =
1.8 Hz) with H-8 signal at 6 6.75. The signals at 8.02 (br s), 7.14 (d, J = 9.3 Hz) and
8.05 (d, J = 9.3 Hz) were assigned to H-2', H-5" and H-6'of ring B, respectively. The
1,4-disubstituted ring B" was represented by the signal at 6 7.67 (2H, d, J = 8.7 Hz, H-
2'"" and H-6"") which ortho-coupled to the signal at 6 6.92 (2H, d, J = 8.7 Hz, H-3'"
and H-5"""). The olefinic H-3 resonated at & 6.90 (s), while H-3"" gave a singlet at &
6.89. Another singlet at 5 6.39 could be assigned to H-6"". HMBC spectrum (Figures
131a-131d) showed long-range correlation between H-2' and C-8" (& 104.2),
confirming the linkage between C-3’' of ring B and C-8" of ring A’ identical to
amentoflavone.

The carbon chemical shifts of C-6 (5 98.1), C-8 (6 92.7), C-3" (6 114.6) and
C-5"" (5 114.6) were upfield of those same positions in amentoflavone and may be
attributed to the 7-OH and 4"’-OH being methylated. HMBC correlations between C-
7 signal and 7-OMe proton signal at'd 3.81 and between C-4""" and 4""-OMe signal at
d 3.74 confirmed these assignments. ‘From these data and through comparison with
published report (Suarez et al, 2003), compound ET-F6 was identified as putraflavone
(7,4""-dimethyl amentoflavone).

Putraflavone was first isolated from the trunk bark and leaves of Putranjiva
roxburghii of the family Euphorbiaceae (Garg and Mitra, 1971), and later found in the
aerial parts of Podocalyx loranthoides of the same family (Suérez et al., 2003). This
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biflavonoid was moderately active against Leishmania mexicana promastigotes
(Suérez et al., 2003).

Putraflavone

Table 35. 'H (300 MHz) and **C (75 MHz) NMR spectral data of putraflavone and

compound ET-F6 (in DMSO-dg)

Plutraflavone 3 \ ET-F6
Position H 13 H 13
(mult., J in HZ) - (mult., J in Hz) C HMBC
2 - 164.3 - 164.2
3 6.87 () 103.5 6.90 (s) 103.3 | C-1’, C-2, C-4,
C-10
4 - 182.3 - 182.0
5 - 161.1 - 161.2
5-OH 12.95 (s) 12.95 (s) - C-5, C-6, C-10
6 6.35 98.3 6.34 98.1 |C-5,C-7,C-8,
(d, J=1.8 Hz) (d,J=1.8H2) C-10
7 165.3 - 165.2
7-OMe 3.82(s) 56.3 3.81 (s) 56.1 | C-7
8 6.75 93.0 6.75 92.7 |C-6,C-7,C-9,
(d,J =18 Hz) (d,J=1.8Hz) C-10
9 - 157.6 - 157.4
10 - 104.9 - 104.8
1 - 121.2 - 120.8
2’ 7.96 (br d) 128.2 8.02 (br s) 128.0 | C-8"
3 - 120.2 - 120.2
4 - 159.8 - 160.0
5 7.18 116.4 7.14 116.4 | C-1',C-3'
(d, J=9.0H2) (d, J=9.3Hz)
6’ 8.04 (br dd) 131.6 8.05 1315 | C-2
(d, J=9.3 Hz)
2" 163.4 - 163.2
3" 6.89 (s) 103.5 6.89 (s) 103.2 | C-10, C-2", C-
4" C-1"
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Table 35. *H (300 MHz) and **C (75 MHz) NMR spectral data of putraflavone and
compound ET-F6 (in DMSO-dg) (continued)

Plutraflavone é i ET-F6
Position H 13 H 13
(mult., J in Hz) ¢ (mult., J in Hz) C HMBC
4" - 182.1 - 182.8
5" - 160.5 - 160.6
5"-OH 13.07 (s) - 13.05 (s) - C-5”,C-6", C-
10"
6" 6.45 (s) 98.8 6.39 () 989 |C-5",C-7", C-
8", C-10", C-4"
71 - 162.1 - 162.5
8" - 104.3 - 104.2
9" - 154.8 - 154.6
10" 3 104.0 - 103.7
1" - 123.2 - 123.0
2" 7.66 128.2 7.67 128.0 | C-27, -4
(d,J=8.7Hz) (d, J =8.7 Hz)
3" 6.93 114.8 6.92 1146 | C-1"
(d,J=8.7Hz) (d, J=8.7 Hz)
4" - 162.5 - 162.3
4''- 3.76 () 55.7 3.74 (s) 55.6 | C-4'"
OMe
5" 6.93 114.8 6.92 114.6
(d,J=8.7H2z) (d, J=8.7 Hz)
6" 7.66 128.2 7.67 128.0 | C-2”,C-4'"
(d, J=8.7Hz) (d, J=8.7Hz)

4 Suérez et al, 2003

2.15 ldentification of Compound ET-F7 (Ellagic acid 3, 3'-dimethyl ether)

Compound ET-F7 was obtained as pale yellow needles. Its molecular formula

was shown to be C;5H100g according to a molecular ion peak-in its EI mass spectrum
at m/z-330 (Figure 132), whereas.its **C NMR spectrum (Figure 134) exhibited only

8 carbon signals and, therefore, these signals were doubled. These data suggested

symmetry in its skeletal structure.

The *H NMR spectrum (Figure 133) of compound ET-F7 showed a methoxy
singlet at & 4.03 (3-OMe and 3'-OMe), an aromatic proton singlet at 6 7.51 (H-5 and
H-5"), and a phenolic hydroxyl signal at 6 10.75 (4-OH and 4’-OH). Eight carbon

signals in its carbon spectrum could be differentiated, based on DEPT experiments

(Figure 135), into those of one methoxy, one methine and six quaternary carbons.
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One quaternary carbon which resonated at 6 158.6 (C-7 and C-7') was a lactone
carbonyl. Compound ET-F7 was therefore a dimeric phenolic compound consisting
of two penta-substituted phenolic acid arranged symmetrically.

From the above observations and comparison with previously reported data,
compound ET-F7 was identified as ellagic acid 3,3'-dimethyl ether (Nawwar, Buddrus
and Bauer, 1982). This phenolic derivative has previously been isolated from the
roots of Tamarix nilotica (Tamaricaceae) (Nawwar, Buddrus and Bauer, 1982) and

Coriaria intermedia (Coriariaceae) (Chang et al., 1996).

Ellagic acid 3,3'-dimethy! ether

Table 36. 'H (300 MHz) and **C (75 MHz) NMR spectral data of ellagic acid 3,3'-
dimethyl ether and compound ET-F7 (in DMSO-ds)

Ellagic acid 3,3'-dimethyl ether ® ET-F7
Position "H (mult., Jin Hz) =C "H(mult,JinHz) [ C
1,1 . 111.8 - 111.8
2,2 - 1411 - 141.3
3,3 - 140.2 - 140.3
4, 4 - 153.0 - 152.3
5, 5 7.52() 111.4 751 (s) 111.6
6, 6’ - 112.0 - 112.2
31/ i 158.3 3 158.6
4-OH, 4'-OH 10.6 (br s) - 10.7/(brs) -
3-OMe, 3-OMe 4.08 (s) 60.9 4.03 () 61.1

2 Nawwar, Buddrus and Bauer, 1982

2.16 Identification of Compound ET-FM3 (Quercetin)
Compound ET-FM3 was obtained as yellow amorphous powder which
exhibited a strong conjugated carbonyl absorption band at 1656 cm™ and O-H

stretching band at 3420 cm™ in its IR spectrum (Figure 139). Its molecular formula
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was determined to be CysHi00; from [M-H]" peak at m/z 301 in the ESI mass
spectrum (Figure 140). The compound displayed quenching spot under UV light
indicative of its flavonoid nature.

The *H NMR spectrum of compound ET-FM3 (Figure 141) displayed a
hydrogen-bonded hydroxyl proton resonance at the most downfield shift of & 12.16.
Two aromatic proton signals could be observed. A pair of broad singlets at 6 6.25 and
6.51 were assigned to the meta-coupled H-6 and H-8, respectively, of ring A of a
flavonoid structure. The 3',4'-dihydroxy substituted ring B was represented by the
signals at 6 7.81 (1H, br s, H-2"), 6.98 (1H, d, J = 8.4 Hz, H-5") and 7.68 (1H, d, J =
8.4 Hz, H-6'). The *C NMR spectrum of this compound (Figure 142) displayed
fifteen carbon signals, including that of a carbonyl carbon at 6176.5. These data
suggested that the compound was a flavonol with hydroxyl substituents at C-5, C-7,
C-3'and C-4'.

HMBC experiments (Figure 145) and comparison with previous published
data confirmed compound ET-FM3 as quercetin (Alfonso and Kapetanidis, 1994), a

common flavonol.

OH O

Quercetin

Table 37. H (300 MHz) and *3C (75 MHz) NMR spectral data of quercetin and
compound ET-FM3 (in acetone-ds)

Quercetin ET-FM3
Position 1H 13 1H 13
(mult., J in Hz) ¢ (mult., J in Hz) c AMBC
2 - 146.8 - 147.0
3 i 135.7 - 136.7
4 - 175.9 - 176.5
5 - 160.7 - 162.3
5-OH - - 12.16 (s) - |5, C-6,
C-10
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Table 37. 'H (300 MHz) and **C (75 MHz) NMR spectral data of quercetin and
compound ET-FM3 (in acetone-dg)

1Quercetin @ i ET-FM3
Position H 13 H 13

(mult., J in Hz) ¢ (mult., J in Hz) C HMBC

6 6.17 98.2 6.25 (br s) 99.1 | C-5,C-8,
(d, J=2.0H2z) C-10

7 - 163.9 - 165.0

8 6.40 93.4 6.51 (brs) 94.4 | C-6, C-9,
(d, J=2.0Hz) C-10

9 - 156.2 - 157.8

10 - 103.0 - 104.1

1’ - 122.0 - 123.7

2! 7.66 115.1 7.81 (br s) 115.7 | C-2,C-3,
(d, J=2.2H2z) C-4', C-6'

3’ - 145.1 - 145.8

4 - 147.7 - 1483

5’ 6.84 115.6 6.98 116.2 | C-1',C-3,
(d, J=8.5Hz) (d, J=8.4Hz) C-4'

6’ 7.53 120.0 7.68 1214 | C-2',C-4

(dd, J =85, 2.2 H2) (d,J=8.4Hz)

% Alfonso and Kapetanidis, 1994

2.17 ldentification of Compound ET-L2 (Hopenol-B)

Compound ET-L2, which was obtained as a colorless needles, exhibited
absorption bands in its IR spectrum (Figure 146) at 3389 (OH), 1638 and 890 cm™
(terminal methylene). Its EI mass spectrum (Figure 147) showed a molecular ion
peak at m/z 426, corresponding to the molecular formula C3oHsoO. The intense mass
fragment peaks at m/z 207 and 189 were due to the cleavage of ring C of a hopane
triterpenoid skeleton (Matsunaga and Morita, 1983).

The *H NMR spectrum (Figure 148) showed seven methyl signals at & 0.70 (d,
J = 1.0 Hz, H-28), 0.75 (s, H-24), 0.84 (s, H-25), 0.96 (s, H-23), 0.97 (s, H-27), 1.01
(s, H-26) and 1.65 (t, J = 1.0 Hz, H-30). An olefinic, two-proton singlet at 5 4.66 (H-
29) indicated the presence of an exomethylene functional group. The a-oriented
oxymethine H-3 resonated as a doublet of doublets (J = 11.0, 5.5 Hz) at 6 3.11.

The *C NMR spectrum (Figures 149a-149b) exhibited thirty carbon signals
of a triterpenoid structure, including two sp® carbons (8 148.4, C-22 and & 110.1, C-29)

and one oxygenated carbon at 5 78.4 (C-3). The carbon resonances could be classified
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by DEPT experiment (Figure 150) into those of seven methyl (6 15.4, 16.0, 16.3,
17.0, 17.1, 19.6 and 28.5), eleven methylene (5 19.1, 21.5, 21.7, 24.6, 27.9, 28.1, 33.3,
34.1, 39.5, 40.7 and 110.1), six methine (6 48.7, 49.5, 51.2, 54.5, 56.0 and 78.4) and
six quaternary carbons (6 37.8, 39.5, 42.4, 42.9, 44.8 and 148.4). HMBC experiment
(Figures 153a-153h, Table 38) confirmed the location of the double bond between
C-22 and C-29 through correlations observed between the signals of H-29 to C-21, H-
30 to C-21 and C-22, and H-17 to C-22.

The *H and **C NMR assignments of compound ET-L2 were established by
analyses of the COSY (Figure 151), HSQC (Figures 152a-152b) and HMBC
experiments (Figures 153a-153h), and comparison with previously reported data
(Matsunaga and Morita, 1983). Finally, compound ET-L2 was identified as the
hopane triterpenoid hop-22(29)-en-33-ol or hopenol-B, previously isolated from the
whole plant of Euphorbia supina Rafin. (family Euphorbiaceae). However, this is the

first report of its *C NMR assignment.

Hopenol-B

Table 38. *H (500 MHz) and **C (75 MHz) NMR assignments of compound ET-L2

(in acetone-ds)

Position | ©°C "H (mult., J in Hz) HMBC
1 395 0.95 (m) C-2, C-10, C-25
2 281 1.56 (m) C-1,C-4, C-10
3 78.4 3.11 (dd, J=11.0, 5.5 H2) C-4,C-23,C-24
4 39.5 - -
5 56.0 0.71 (dd, J =13.0, 3.0 Hz) C-3, C-6, C-23, C-24, C-25
6 19.1 1.52 (m) i
7 34.1 1.25 (m) C6,C-26
1.52 (m) C-26
8 42.4 - -
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Table 38. *H (500 MHz) and *3C (75 MHz) NMR assignments of compound ET-L2

(in acetone-dg) (continued)

Position | °C "H (mult., J in Hz) HMBC
9 51.2 1.28 (dd, J =12.5, 3.0 Hz) C-1, C-5, C-8, C-10, C-11,
C-12,C-14
10 37.8 - -
11 21.7 1.40 (m) C-12,C-14
12 24.6 1.44 (m) i
13 495 1.50 (m) i
14 42.9 - -
15 33.3 1.20 (ddd, J=9.0, 5.0, 3.0 Hz) | C-13, C-14, C-17, C-27
1.42 (m) C-13, C-14, C-17, C-27
16 215 1.40 (m) i
17 54.5 1.08 (m) C-15, C-20, C-21, C-22
18 44.8 - -
19 40.7 1.08 (dd, J = 12.0, 2.5 Hz), C-18, C-28
1.54 (m) c-13
20 27.9 1.44 (m) i
1.84 (m) C-17, C-19
21 48.7 2.26 C-16, C-17, C-20, C-30
(ddd, J = 12.0, 10.0, 7.0 H2)
22 148.4 - -
23 28.5 0.96 (s) C-3,C-4,C-24
24 16.0 0.75 (s) C-4, C-5, C-23
25 163 0.84 () C-1,C-5, C-9, C-10
26 17.1 1.01 (s) C-7,C-8,C-9,C-14
27 17.0 0.97 (s) C-8, C-13, C-14, C-15
28 15.4 0.70 (d, J= 1.0 Hz) C-13, C-17, C-18, C-19
20 | 1101 4.66 (br s) C21, C-30
30 19.6 1.65 (t, J=1.0 Hz) C-21, C-22,C-29

2.18 Structure Elucidation of Compound ET-L3(2,3-Seco-taraxer-14-ene-2,3,28-
trioic acid 2,3-dimethyl ester)

Compound ET-L3, obtained-as a white powder, was assighed the molecular
formula C32Hs006 0N the basis of its high resolution ESIMS quasi-molecular [M+Na]”
peak at m/z 553.3509 (calcd. for Cs;Hs00¢Na, 553.3505) (Figure 155). The IR
spectrum (Figure 154) suggested the presence of carboxylic acid (3434 and 1692
cm™), ester (1729 and 1145 cm™) and olefinyl (1636 cm™) groups.

The *H NMR spectrum (Figures 156a-156d) showed seven tertiary methyl
singlets (6 0.91, H-30; 0.93, H-27; 0.94, H-29; 0.96, H-26; 1.00, H-25; 1.20, H-23 and
H-24) and two carbomethoxy singlets at 6 3.56 (3-COOMe) and 3.57 (2-COOMe).

An olefinic proton on a trisubstituted double bond appeared as a well-defined doublet
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of doublets at 6 5.56 (J = 8.0, 3.5 Hz, H-15), suggesting that compound ET-L3 was a
taraxer-14-ene derivative (Ogihara et al., 1987).

The *C NMR spectrum (Figures 157a-157b) exhibited thirty-two carbon
signals, including those of three carbonyls (6 172.0, C-2; 179.0, C-28; 179.8, C-3) and
a double bond (5 117.2, C-15; 161.2, C-14). An AB system in the proton spectrum at
6 2.25 (1H, d, J = 18.7 Hz) and 2.35 (1H, d, J = 18.7 Hz) was assigned to the H-1
methylene protons of a 2,3-seco-diacid deriving from a taraxerane triterpene with
cleaved A ring. Its NMR data were also compared with those of other 2,3-seco-
terpenoids reported from another euphorbiaceous plant, Excoecaria agallocha
(Konishi et al., 1998; 2003). Both acid moieties at C-2 (5 172.0) and C-3 (5 179.8)
were methylated, as indicated by HMBC cross-peaks between the carbomethoxy
singlet at 6 3.57 and C-2, as well as between another carbomethoxy signal at 6 3.56
and C-3 (Figures 160a-160h). The HMBC spectrum also exhibited correlations of H-
1to C-2, C-5, C-10, and C-25, and both H-23 and H-24 to C-3, C-4 and C-5. Another
carboxylic group was determined to be at C-28, on the basis of long-range
correlations of this carbonyl carbon at 6 179.0 with H-16, H-18 and H-22. The
location of the double bond was confirmed by HMBC correlations of H-15 to C-8 (8
39.3) and C-13 (5 37.8) and of both H-16 and H-27 to C-14 (6 161.2). Therefore, the
structure of compound ET-L3 was elucidated as 2,3-seco-taraxer-14-ene-2,3,28-trioic
acid 2,3-dimethyl ester.

2,3-Seco-taraxer-14-ene-2,3,28-trioic acid 2,3-dimethyl ester
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Table 39. *H (500 MHz) and **C (125 MHz) NMR assignments of compound ET-L3

(in acetone-ds)

Position e "H (mult., J in Hz) HMBC
1 41.1 2.25(d, J=18.7 Hz) C-2, C-5, C-9, C-10,
C-25
2.35(d, J=18.7 Hz) C-2, C-5, C-9, C-10,
C-25
2 172.0 -
3 179.8 -
4 46.7 -
5 49.6 2.41 (overlap) C-6, C-10, C-24,
C-25
6 217 1,56 (m)
1.64 (m)
7 41.0 1.32 (m)
1,92 (dt, J= 13.0, 3.0 Hz)
8 39.3 -
9 41.5 2.58 (dd, J =10.5, 9.5 Hz) C-8, C-10, C-11,
C-25, C-26
10 43.0 -
11 18.3 1.56 (m)
12 34.3 1.63 (m) C-9, C-11, C-13,
C-14, C-27
1.75 (m) C-27
13 37.8 -
14 161.2 -
15 117.2 5.56 (dd, J = 8.0, 3.5 Hz) C-8, C-13, C-16
16 32.3 1.98 (dd, J = 14.5, 3.5 Hz) C-14, C-15, C-17,
C-18, C-28
2.39 (overlap) C-14, C-15, C-17,
C-18, C-28
17 51.4 -
18 423 2.40 (overlap) C-14, C-17, C-28
19 36.0 1.12 (dd, J = 13.5, 3.5.H2)
132 (t, J = 13.5 H) C-17,C-18, C-29,
C-30
20 29.5 -
21 345 1.07 (td, J =13.5, 3.0 H)
1.17 (dd, J = 5.0, 3.5 Hz)
22 315 1.47 (td, J = 13.5, 3.0 Hz) C-21, C-28
1.70 (ddd, J = 14.0, 4.5, 3.0 HZ)
23 28.1 1.20 (s) C-3,C-4,C-5,C-24
24 24.1 1.20 (s) C-3,C-4, C5,C-23
25 195 1.00 (s) C-5, C-9, C-10
26 255 0.96 (5) C-7,C-8, C-14
27 21.9 0.93 (s) C-12, C-13, C-14,
C-18
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Table 39. *H (500 MHz) and **C (125 MHz) NMR assignments of compound ET-L3

(in acetone-dg) (continued)

Position e "H (mult., J in Hz) HMBC
28 179.0 -
29 32.4 0.94 (s) C-19, C-21, C-30
30 29.2 0.91 (s) C-19, C-20, C-21,
C-29
2-COOMe | 51.0 3.57 (s) C-2
3.-COOMe | 51.9 3.56 () c3

2.19 Structure Elucidation of Compound ET-L5 (2,3-Seco-taraxer-14-ene-2,3,28-
trioic acid 3-methyl ester)

The molecular formula of compound ET-L5, which was isolated as colorless
needles, was determined as Cs;HssOg On the basis of its high resolution ESIMS
[M+Na]" peak at m/z 539.3346 (calcd. for Ca;Hss0sNa, 539.3349) (Figure 162). Its
IR spectrum (Figure 161) showed absorption bands for carboxylic acid (3433 and
1690 cm™) and ester moieties (1728 ecm™), nearly identical to those observed in
compound ET-L3.

Its '"H NMR spectrum (Figures 163a-163e) showed seven methyl singlets at &
0.83 (H-27), 0.86 (H-30), 0.89 (H-25 and H-26), 0.90 (H-29) and 1.14 (H-23 and H-
24) and only one carbomethoxy singlet at & 3.52 (3-COOMe). The H-15 olefinic
proton of a taraxer-14-ene derivative resonated at 6 5.45 (dd, J = 7.8, 3.3 Hz), while
the H-1 methylene protons of a 2,3-seco-diacid appeared as an AB system in the
proton spectrum at 6 2.10 (1H, d, J = 19.3 Hz) and 2.20 (1H, d, J = 19.3 Hz).

The *C NMR spectrum-(Figure 164) exhibited thirty-one carbon signals,
including those of three carbonyls at 6 172.3 (C-2), 178.7 (C-28) and 178.9 (C-3) and
a double bond between C-14 (5 159.8) and C-15 (8 115.9). The only methoxy carbon
gave a signal at 6 51.6. These data suggested that compound ET-L5 was very similar
to compound ET-L3, and the major difference was the presence of only one, instead
of two, carbomethoxy moiety in this compound. HMBC correlations of the C-3
carbonyl with the carbomethoxy singlet, H-5, H-23 and H-24 established the
esterification at this C-3 position. The location of the double bond was also
confirmed by HMBC cross-peaks of H-15 to C-8 (6 38.0) and C-13 (6 36.6) and of H-
12, H-16, H-18 and H-27 to C-14 (5 159.8).



165

Consequently, the structure of compound ET-L5 was determined as 2,3-seco-

taraxer-14-ene-2,3,28-trioic acid 3-methyl ester.

2,3-Seco-taraxer-14-ene-2,3,28-trioic acid 3-methyl ester

Table 40. *H (500 MHz) and *C (125 MHz) NMR assignments of compound ET-L5

(in acetone-dg)

Position Bc "H (mult., J in Hz) HMBC
1 40.2 2.10 (d, J=19.3 Hz) C-2, C-5, C-10, C-25
2.20(d, J=19.3Hz) C-2, C-5, C-10, C-25
2 172.3 -
3 178.9 -
4 45.6 -
5 48.0 | 2.33(dd,J=12.3,1.8Hz) | C-3, C-4, C-6, C-10, C-23,
C-24, C-25
6 20.6 1.44 (m) C-8
1.54 (m) C-1,C-14
7 39.7 1.21 (m)
1.84 (dt, J=13.0, 3.0 Hz2)
8 38.0 -
9 39.7 2.54 (t,J=9.8 Hz) C-8, C-10, C-11, C-14, C-25,
C-26
10 41.5 -
11 17.2 1.44 (m) C-8, C-12
12 33.2 1.55 (m) C-11,C-13,C-14
1.65 (m) C-13

13 36.6 -
14 159.8 -
15 1159 | 5.45(dd,J=7.8,3.3Hz) | C-8,C-13
16 31.3 | 1.89(dd,J=14.5 3.0Hz) | C-14, C-15, C-17, C-18, C-28

2.25 (overlap) C-14, C-15, C-17, C-18, C-28
17 50.1 -
18 40.9 2.24 (overlap) C-14, C-17,C-28
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Table 40. *H (500 MHz) and *C (125 MHz) NMR assignments of compound ET-L5

(in acetone-ds) (continued)

Position *c "H (mult., J in Hz) HMBC
19 35.0 | 1.04 (dd, J = 135, 3.5 Hz)
121(t J=135Hz) | C-29, C-30
20 29.0 -
21 33.5 0.94 (td, J = 13.3, 2.8 Hz)
111 (t, J = 4.0 Hz)
22 30.4 1.37 (td, J = 13.5, 3.0 Hz) | C-17, C-20, C-21, C-28
1.57 (overlap) C-20
23 272 1.14 (s) C-3,C-4,C-5,C-24
24 23.7 1.14 (s) C-3,C-4,C-5, C-23
25 19.0 0.89 (s) C-1,C-5,C-9, C-10
26 24.9 0.89 (s) C-7,C-8, C-14
27 213 0.83 (s) C-12, C-13, C-14, C-18
28 178.7 -
29 32.0 0.90 (s) C-19, C-20, C-21, C-30
30 28.8 0.86 (S) C-19, C-20, C-21, C-29
3-COOMe | 51.6 3.52 (s) C-3

2.20 Identification of Compound ET-L12 (Aleuritolic acid)

Compound ET-L12 was obtained as colorless needles. Its molecular formula
was determined as CzoH4s03 on the basis of [M-H]" peak in the ESI mass spectrum at
m/z 455 (Figure 169). Its IR spectrum (Figure 168) showed absorption bands at
3434 and 1690 cm™, suggesting the presence of hydroxyl and carbonyl functions,
respectively.

The 'H and **C NMR data of compound ET-L12 (Table 41) were similar to
those of compound ET-S2. The *H NMR spectrum (Figure 170) showed an olefinic
proton signal at & 5.43 (d, J = 4.8 Hz, H-15) and an oxymethine proton signal at &
4.28 (d, J = 4.5 Hz, H-3), while the **C NMR spectrum (Figure 171) together with
DEPT experiments (Figures 172a-172b) exhibited 30 carbon signals including those
of 7 methyls, 10 methylene, 5 methines and 8 quaternary carbons. The carbonyl
carbon of an acid group resonated at 6 178.7 (C-28). Two olefinic carbon signals of
C-14 and C-15 appeared at 6 160.0 and 115.9, respectively, while the oxygenated C-3
resonated at &6 77.0. These spectral data were very similar to those of 3-acetyl

aleuritolic acid (ET-S2), except acetate signal was absence in this compound.
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Compound ET-L12 was identified as the triterpenoid aleuritolic acid (McLean

et al., 1987). The compound has been shown to be an inhibitor of the enzyme human

DNA ligase-1, which was a possible target for anti-tumor agents (Tan et al., 1996).

Aleuritolic acid

Table 41. Comparison of **C NMR spectral data of acetyl aleuritolic acid and
compound ET-L12 (in DMSO-ds, 75 MHz)

Acetyl

Acetyl

Carbon o2 | ET-L12 Carbon o2 ool ET-L12
aleuritolic acid aleuritolic acid

1 37.4 375 17 51.4 50.2
2 23.4 27.0 18 41.3 41.2
3 80.8 220 19 35.2 35.1
4 37.6 37.6 20 29.2 29.0
5 55.5 55.2 21 33.6 33.6
6 18.7 18.5 22 30.6 30.6
7 40.7 40.9 23 27.9 28.2
8 39.0 38.5 24 16.5 15.9
9 49.0 48.8 25 15.6 15.3
10 37.9 38.5 26 26.1 25.8
11 17.2 17.0 27 22.4 22.0
12 33.2 33.1 28 184.2 178.7
13 37.2 36.9 29 31.8 32.1
14 160.5 160.0 30 28.6 28.9
15 116.8 115.9 -O-COCH; 170.9 -
16 31.3 31.5 -O-COCH; 21.2 -

& McLean et al., 1987

2.21 Identification of Compound ET-LC4 (Kaempferol)
The yellow compound ET-LC4 displayed an [M+H]" peak at m/z 287 in its

ESI mass spectrum (Figure 175), consistent with a molecular formula of C;5H10Os.
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The compound absorbed UV light with maximum peaks at 366, 265 and 210 nm
(Figure 173).

Its *H NMR spectrum (Figure 176) exhibited a pair of para-substituted
aromatic signals at 6 7.74 (2H, d, J = 8.7 Hz, H-2' and H-6’) and 6.58 (2H, d, J = 8.7
Hz, H-3' and H-5"). Two meta-coupled aromatic signals at 6 6.06 (1H, br s, H-8) and
6.89 (1H, br s, H-6) could also be observed.

The *C NMR (Figure 177, Table 42) displayed fifteen carbon signals of a
flavonol skeleton, including a carbonyl signal at 6 175.4. On the basis of HMQC
(Figure 179), 'H-'H COSY (Figure 178) and HMBC experiments (Figure 180) and
comparison with literature (Harborne and Mabry, 1982), compound ET-LC4 was
identified as kaempferol, a common flavonol aglycone.

OH O

Kaempferol

Table 42. °C NMR spectral data of kaempferol (in DMSO-ds, 22.5 MHz) and 'H
(300 MHz) and **C (75 MHz) NMR data of compound ET-LC4 (in CD;0D + CDCls)

Position Kaenf?f)ferol a - i ET_-LC4
C C H (mult., J in Hz) HMBC
2 146.8 146.3 - -
3 135.6 135.2 - -
4 175.9 175.4 - -
5 160.7 160.3 - -
6 98.2 97.8 6.89 (br s) C-5,C-8, C-10
7 163.9 163.4 - -
8 935 93.1 6.06 (br s) C-9, C-10
9 156.2 156.4 - -
10 103.1 102.5 - -
1 121.7 121.9 - -
2 6 1295 1290 | 7.74(d,J=87Hz) |C-2 C-4
3,5 115.4 114.7 6.58 (d,J=8.7Hz) | C-1'
4’ 159.2 158.4 - -

& Harborne and Mabry, 1982
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2.22 ldentification of Compound ET-LC7 (Sequoiaflavone)

Compound ET-LC7 was obtained as a pale yellow powder which showed an
[M-H]" peak at m/z 551 in its ESI mass spectrum (Figure 183), equivalent to a
molecular formula of C31H20010. Its IR spectrum (Figure 182) exhibited absorption
bands at 3367 and 1659 cm™, suggesting hydroxyl and carbonyl moieties.

The 'H NMR spectrum (Figures 184a-184b) showed the resonances of
methoxy protons at 6 3.81 (3H, s, 7-OMe), two olefinic protons at & 6.90 (H-3) and
6.79 (H-3"), two hydrogen-bonded hydroxyl protons at 6 13.11 (5”-OH) and 12.97 (5-
OH) and ten aromatic protons which could be separated into 4 sets. The doublet at 6
6.35 (1H, d, J = 2.2 Hz) was assigned to H-6 of ring A which meta-coupled to another
one-proton doublet at & 6.75 (J = 2.2 Hz, H-8). The doublet at 56 7.57 (2H, d, J = 8.8
Hz) represented H-2""" and H-6""" of ring B’ and ortho-coupled to the signal at 6 6.71
(2H, d, J = 8.8 Hz, H-3""" and H-5"""). The 1,3,4-trisubstituted ring B gave the meta-
coupled signals at & 8.06 (d, J = 2.4 Hz, H-2") and 8.03 (dd, J = 8.6, 2.4 Hz, H-6"),
while the latter signal also ortho-coupled to a doublet at 6 7.13 (d, J = 8.6 Hz, H-5').
The last set consists of only one singlet at & 6.37 representing H-6" of ring A'.

The °C NMR spectrum (Figures 185a-185c) displayed 30 carbon signals of
two flavone units and one methoxy carbon which resonated at 6 56.5 (7-OMe).
HMBC correlation (Figures 189a-189f) between the methoxy proton signal and C-7
(6 165.6) established the position of this methyl ether moiety on ring A. The C-3'/C-
8" linkage was also confirmed by HMBC cross-peak of H-2' to C-8" (5 104.7).

Therefore, compound ET-LC7 was identified as the biflavone 7-O-methyl
amentoflavone or sequoiaflavone. It has been isolated from the leaves of Podocarpus
taxifolia (Podocarpaceae) (Hameed et al., 1973) and Cupressus cashmeriana
(Cupressaceae) (Khabir, Khatoon and-Ansari, 1987).

OH O

Sequoiaflavone
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Table 43. *H (500 MHz) and *C (125 MHz) NMR assignments of compound
ET-LC7 (in DMSO-ds)

Position '"H (mult., J in Hz) Bc HMBC
2 i 164.7 i
3 6.90 (5) 1035 | C-2, C-4, C-10, C-1
4 i 182.4 i
S - 161.6 -
6 6.35 (d, J = 2.2 Hz) 98.5 C-5, C-7,C-8, C-10
7 - 165.6 -
8 6.75 (d, J = 2.2 H2) 931 | C-6,C-9
9 = 157.8 -
10 - 105.1 -
1’ - 121.0 -
2' 8.06 (d, J =2.4 Hz) 131.9 |cC-2,C-4', C-6',C-8"
3 - 120.8 -
4' - 160.7 -
5’ 7.13 (d, J =8.6 Hz) 1170 |cC-1,C-3, C-4
6’ 8.03 (dd, J = 8.6, 2.4 Hz) 1283 | C-2,C-2',C-4'
2" - 164.1 -
3 6.79 (5) 1030 | C-2", C-4", C-10", C-1"
4" - 182.5 -
5 - 161.0 -
6" 6.37 (3) 994 | C5", C-10"
7" - 163.3 -
8" - 104.7 -
9" - 1I5580) -
10" - 103.9 -
1" - 121.9 -
2" 7.57 (d, J=8.8 Hz) 128.6 | C-2",C-3", C-4"
3 6.71 (d, J=8.8 Hz) 116.2 | C-1'",C-4"
4 - 161.5 -
5 6.71 (d, J=8.8 Hz) 116.2. | C-1"",C-4""
6" 7.57 (d,J =8.8 Hz) 128.6° | C-2", C-4"
7-OMe 3.81 (5) 56.5 | C-7
5OH 12,97 (3) YRR
5"-OH 13.11(s) -~ ['clsr c-6". C-10"

2.23 ldentification of Compound ET-LC13 (Ginkgetin)

Compound ET-LC13 was obtained as a pale yellow powder. Its molecular
formula was determined by TOF-ESIMS as CsH2,010, 0n the basis of the [M-H]"
peak observed at m/z 565 (Figure 192). Its IR spectrum (Figure 191) exhibited
strong carbonyl absorption bands at 1655 and 1606 cm™, and O-H stretching band at
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3435 cm™. The UV spectrum (Figure 190) showed maxima at 333, 270 and 216 nm,
identical to those of amentoflavone, suggesting compound ET-LC13 to be
amentoflavone derivative.

The *H (Figure 193) and **C NMR spectra (Figures 194a-194c) of compound
ET-LC13 were very similar to those of the biflavonoid amentoflavone. The *C
spectrum displayed 30 carbon signals of two flavone units and two methoxy carbons
at 6 55.9 (4’-OMe) and 56.5 (7-OMe). The proton spectrum showed the presence of
two methoxy signals at & 3.80 (7-OMe) and 3.72 (4’-OMe), ten aromatic protons, two
olefinic protons (H-3 and H-3"), and two chelated hydroxyl protons at 6 13.08 (5”-OH)
and 12.97 (5-OH). The proton singlets at & 6.34 and 6.71 were assignable to H-6 and
H-8 of ring A, respectively. The signal at 6 7.69 (2H, d, J = 9.3 Hz) was clearly that
of H-2""" and H-6""", which coupled to the signal at 6 6.89 (2H, d, J = 9.3 Hz) of H-3""
and H-5"". Ring B was represented by the signals at 6 8.07 (1H, d, J = 2.3 Hz, H-2'),
7.12 (1H, d, J = 8.6 Hz, H-5") and 8.03 (1H, dd, J = 8.6, 2.3 Hz, H-6'), whereas only
one aromatic proton of ring A’ resonated at 6 6.35 (s, H-6"), indicating the C-3'/C-8"
linkage of amentoflavone derivatives. HMBC correlations (Figures 198a-198e) of 7-
methoxy proton with C-7 at 6 56.5 and of 4'-methoxy proton with C-4’ at 6 55.9
supported the location of these two methyl ethers. Substituent effects on carbon
chemical shifts helped confirming the O-methylation pattern of this biflavonoid. 7-O-
Methylation led to an upfield shift of +1.1 ppm for C-8 signal compared with similar
signal of amentoflavone (6 94.2). 4’-O-Methylation also led to an upfield shift of
+3.2 ppm for C-1"signal compared to that of amentoflavone (6 120.3) (Markham,
Sheppard and Geiger, 1987).

From the above data and by comparison with published data (Garg and Mitra,
1971; Markham, Sheppard and Geiger, 1987), compound ET-LC13 was identified as
the biflavonoid 7, 4”-dimethyl amentoflavone or ginkgetin.

Ginkgetin was first isolated from the leaves of Ginkgo biloba (Ginkgoaceae).
Later, it was also found in the leaves and twigs of Celaendendron mexicanum
(Euphorbiaceae) (Castaneda et al, 1992) and Cephalotaxus drupacea
(Cephalotaxaceae) (Hayashi, Hayashi and Morita, 1992), whole plant of Selaginella
moellendorffii (Selaginellaceae) (Sun et al., 1997), and several Dioon species e.g. D.

edule, D. spinulosum and Zamia augustifolia (Zamiaceae) (Dossaji and Bell, 1973).
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The biflavone possessed various biological activities including anti-herpes simplex
virus type-1 (Hayashi, Hayashi and Morita, 1992).

Ginkgetin

Table 44. H (500 MHz) and **C (125 MHz) NMR spectral data of ginkgetin and
compound ET-LC13 (in DMSO-ds)

Position 123inkgetinla A A ET-LC13
C H C H (mult., J in Hz) HMBC

2 163.5 - 164.7 -
3 103.5 6.82 103.7 6.90 (s) C-2,C-10, C-1’
4 181.9 - 182.4 -
5 161.5 - 161.6 -

5-OH - 129 | - 12.97 (3) C-5, C-6, C-10
6 985 | 6.37 | 985 6.34 (5) C-8, C-10
7 165.1 - 165.5 -

7-OMe 56.5 3.80 (s) C-7
8 926 | 6.80 | 93.1 6.71 (s) C-10
9 157.3 - 157.8 -
10 104.7 - 105.1 -
1 122.3 - 123.5 -
2" 1282 | 812 | 1319 | 8.07(d, J=23Hz)
3’ 121.7 - 121.2 -
4 160.6 - 162.6 <

4'-OMe 55.9 372(s) cia
5’ 111.7 7.38 117.3 7.12 (d,J=8.6 Hz)
6 130.7 8.19 128.2 8.03

(d, J = 8.6, 2.3 Hz)

2" 163.6 - 164.7 -
3" 102.5 7.0 103.4 6.90 (s) C-10", C-1"
4" 182.0 - 182.5 -
5" 160.4 - 161.0 -

5"-OH - 1312 | - 13.08 (s) C-5",C-6", C-10"
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Table 44. H (500 MHz) and **C (125 MHz) NMR spectral data of ginkgetin and
compound ET-LC13 (in DMSO-ds) (continued)

Position 1gainkgetinla . . ET-LC13
C H C H (mult., J in Hz) HMBC
6" 98.6 6.44 99.8 6.35 (S)
7" 161.7 - 160.7 -
8" 103.8 - 104.2 -
9" 154.3 - 155.1 -
10" 103.5 - 103.8 -
1" 121.2 - 120.4 -
2", 6" | 128.0 751 | 1284 | 7.69(d,J=9.3Hz) | C-4"
3" 5" | 115.8 6.74 | 1149 | 6.89(d,J=9.3Hz) |C-4", C-2"
" 161.0 - 163.5 -

# Markham, Sheppard and Geiger, 1987

3. Bioactivity Evaluation of Compounds Isolated from Canavalia rosea and
Elateriospermum tapos

In the search for biologically active constituents of Canavalia rosea and
Elateriospermum tapos, the 95% ethanol extract of C. rosea aerial parts, as well as the
hexane, CH,Cl, and MeOH extracts of E. tapos stem and flowers and the hexane,
CH,Cl, and aqueous extracts of E. tapos leaves were subjected to in vitro screening
for their anti-cancer activities against three cancer cell lines (KB, BC and NCI-H187),
antimalarial activity against Plasmodium falciparum, antituberculosis activity against
Mycobacterium tuberculosis, and anti-herpes simplex virus type 1 activity. In
addition, screening of the ethanolic extract of C. rosea for dopamine-1 receptor
inhibitory activity was also performed.

3.1 Bioactivities of Compounds from Canavalia rosea

Preliminary bioactivity screening has revealed that the 95% ethanol extract of
C. rosea aerial parts exhibited inhibitory activity against dopamine-1 receptor at 50%
inhibition and cytotoxicity against human small cell lung cancer (NCI-H187) cell line
with 1Csg value of 6.30 pg/ml.

Phytochemical investigation of C. rosea aerial parts led to the isolation of a
new guanidine type alkaloid named canarosine, epi-inositol 6-O-methyl ether, rutin,

[-sitosterol glucoside and a mixture of B-sitosterol and stigmasterol.
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The bioactivities of compounds from C. rosea are summarized in Table 45.

Table 45. Biological activities of isolated compounds from C. rosea

Cytotoxicity 1Cso (ug/ml) Anti HSV-1 | Anti TB
Compound KB BC NCI- | Vero cell ICso MIC
H187 (ug/mil) (ng/ml)
-Sitosterol/
Etigmasterol inactive | inactive | inactive >50 moderately inactive
. active
mixture
Rutin inactive | inactive | inactive >50 inactive inactive
Canarosine inactive | Inactive | inactive >50 mode_rately 100
active
Rifampicin - - - - - 0.019
Kanamycin - - - - - 1.25
Isoniazid - - - - - 0.050
Ellipticine 0.413 0.134 0.521 0.559 - -
Doxorubicin 0.103 0.140 0.022 - - -
Acyclovir - - - - 4.27 -

3.1.1 Dopamine-1 Receptor Inhibitory Activity

The guanidine-type alkaloid, canarosine at the concentration of 100 ug/ml,
was able to inhibit dopamine-1 receptor in the radioligand receptor binding assay at
95% inhibition. The ICs, value was 39.4 uM.

3.1.2 Antituberculosis Activity
Canarosine displayed antituberculosis activity against Mycobacterium

tuberculosis Hs7Ra at the MIC value of 100 pg/ml.

3.1.3 Antimalarial Activity
Canarosine-exhibited antimalarial activity against Plasmodium falciparum K1
strain with an 1Csp value of 4.48 pg/ml." The ICsy value of positive control,

dihydroartemisinin was 4.2 nM.

3.1.4 Cytotoxic Activity
Canarosine, rutin and B-sitosterol/stigmasterol mixture at the concentration of

20 pg/ml were inactive against the three cancer cell lines tested.
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3.1.5 Anti HSV-1 Activity
Canarosine showed moderate anti-HSV-1 activity at the concentration of 50

ug/ml.

3.2 Bioactivities of Compounds from Elateriospermum tapos

The hexane extract of E. tapos leaves exhibited cytotoxicity against human
small cell lung cancer (NCI-H187), breast cancer (BC) and oral human epidermoid
carcinoma (KB) cell lines at 1Csy values of 8.53, 7.69 and 3.29 ug/ml, respectively, as
well as antimycobaterial activity against M. tuberculosis HsyRa at MIC value of 12.5
ug/ml. Subsequent extraction of the hexane extract of the leaves led to the isolation
of two new 2,3-seco-taraxerane triterpenoids, 2,3-seco-taraxer-14-ene-2,3,28-trioic
acid 2,3 dimethyl ester and 2,3-seco-taraxer-14-ene-2,3,28-trioic acid 3-methyl ester,
and two known triterpenoids, aleuritolic acid and hopenol-B.

Although the CH,Cl, extract of the leaves displayed no detectable activity,
further phytochemical investigation was carried out. A flavonoid, kaempferol, and
four biflavonoids including amentoflavone, sequoiaflavone, putraflavone and
ginkgetin were obtained.

Phytochemical investigation of the E. tapos stem yielded four triperpenes,
lupeol, lupeol acetate, germanicol palmitate and acetyl aleuritolic acid, four diterpenes
including 2,3-seco-sonderianol which is a new compound, yucalexin B-22, yucalexin
P-15 and yucalexin P-17, a biflavonoid, amentoflavone, scopoletin, syringaldehyde
and oleic acid.

Chemical constituents of E. tapos flowers were shown to be lupeol, lupeol
acetate, quercetin and-putraflavone.

The results of the bioactivity evaluation of these isolated compounds are

summarized in Table 46.
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Cytotoxicity 1Cso (ug/ml)

Compound KB BC NCI- Vero Anti HSV-1 | Anti TB
H187 cell 1Cs0 MIC
(ng/ml) | (ng/ml)
Lupeol acetate | inactive | inactive | inactive >50 inactive inactive
Acet)_/l L inactive | inactive | inactive >50 inactive inactive
aleuritolic acid
Lupeol inactive | inactive 18.4 134 mode.rately 50
active
Yucalexin B22 | inactive | inactive | inactive >50 inactive ND
Yucalexin P17 | inactive | inactive | inactive >50 3.6 200
Scopoletin inactive | Inactive | inactive >50 inactive 200
2’3'3990' inactive | inactive | inactive >50 inactive ND
sonderianol
Yucalexin P15 | inactive | Inactive | inactive >50 inactive ND
Amentoflavone | inactive | inactive | inactive ND inactive 100
Hopenol-B inactive | inactive | inactive >50 inactive 100
2,3-Seco-
taraxer-14-ene-
2,3,28-trioic inactive 7.08 4.65 >50 ND 3.13
acid 2,3-
dimethyl ester
2,3-seco-
taraxer-14-ene-
2,3,28-trioic inactive | inactive | inactive >50 ND 50
acid 3-methyl
ester
Aleuritolic acid | inactive | inactive | inactive ND inactive ND
Putraflavone inactive 16.6 1238 35.4 inactive 50
Sequoiaflavone inactive | inactive | inactive >50 moadctiir\a;'éely 200
Ginkgetin 18.5 10.3 inactive 34.8 ND 25
Rifampicin - - - - - 0.019
Kanamycin - - - - - 1.25
Isoniazid - - - - - 0.050
Ellipticine 0.413 0.134 0.521 0.559 - -
Doxorubicin 0.103 0.140 0.022 - - -
Acyclovir - - - - 4.27 -

ND = not determined

3.2.1 Antituberculosis Activity

Three triterpenoids, 2,3-seco-taraxer-14-ene-2,3,28-trioic acid 2,3-dimethyl

ester, 2,3-seco-taraxer-14-ene-2,3,28-trioic acid 3-methyl ester and hopenol-B
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exhibitied antituberculosis activity against M. tuberculosis Hs7Ra at the MIC values of
3.13, 50 and 100 pg/ml, respectively.

The biflavonoids ginkgetin, putraflavone, amentoflavone and sequoiaflavone
showed antituberculosis activity at the MIC values of 25, 50, 100 and 200 pg/ml,
respectively.  These results indicated that 7-O-methylation of amentoflavone
decreased the activity, while 4'- or 4'""-O-methylation increased this activity. 4'-O-
methylation of amentoflavone led to more potent anti-TB activity than 4'’-O-

methylation derivative.

3.2.2 Antimalarial Activity
None of the isolated compounds showed antimalarial activity at the

concentration of 10 png/ml.

3.2.3 Cytotoxic Activity

2,3-Seco-taraxer-14-ene-2,3,28-trioic acid 2,3-dimethyl ester exhibited strong
cytotoxicity against NCI-H187 cell line with an I1Csy value of 4.65 ug/ml and was
moderately active against BC cell line with an 1Csy value of 7.08 ug/ml, while its
monomethyl derivative, 2,3-seco-taraxer-14-ene-2,3,28-trioic acid 3-methyl ester,
was inactive against both cancer cell lines. The structures of both triterpenoids are
rather similar except for the difference at C-2, suggesting the importance of 2-methyl
ester for the cytotoxic activity

Among the biflavonoids, putraflavone was weakly cytotoxic against BC and
NCI-H187 cell lines with ICso values of 16.6 and 12.3 ug/ml, respectively, while
ginkgetin showed weak cytotoxic activity against: KB and BC cell lines with ICs
values of 18.5 and 10.3 ug/ml, respectively. However, putraflavone and ginkgetin
were -also cytotoxic ‘against Vero cells, their 1Cso values of 35.4 and 34.8 ug/ml,

respectively, therefore their prospect for use as anti-cancer agent might be limited.

3.2.4 Anti HSV-1 Activity

Among the isolated compounds from E. tapos, yucalexin P-17 displayed the
most potent anti-HSV-1 activity, with 1Cs, value of 3.60 ug/ml, whereas the standard
anti-HSV-1 drug, acyclovir, showed inhibitory activity with 1Cs, value of 4.27 ug/ml.

Lupeol and sequoiaflavone showed moderately activity.
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Previously reported antiviral activity of ginkgetin concerned its ability to
suppress herpes simplex viral protein synthesis by inhibition of transcription and
replication of viral DNA (Hayashi, Hayashi and Morita, 1992).



CHAPTER V

CONCLUSION

Phytochemical investigation of the aerial parts of Canavalia rosea
(Leguminosae) led to the isolation of six compounds including a new guanidine
alkaloid named canarosine; rutin, a flavonoid glycoside; epi-inositol 6-O-methyl ether,
cyclitol; B-sitosterol glucoside; and a 2:1 mixture of B-sitosterol and stigmasterol.
Canarosine showed inhibitory activity against dopamine-1 receptor with 95%
inhibition at the concentration of 100 pg/ml and the 1Cs, value was 39.4 uM. The
alkaloid also displayed antimalarial activity against Plasmodium falciparum K1 strain
with 1Cso value of 4.48 png/ml and was moderately active against herpes simplex virus
type 1 at the concentration of 50 pg/ml.

Similar study on the chemical constituents of Elateriospermum tapos
(Euphorbiaceae) led to the isolation of triterpenoids, diterpenoids, coumarins,
flavonoids, biflavonoids and an aromatic aldehyde. The stem of this plant yielded
fourteen compounds including four triterpenoids i.e. lupeol, lupeol acetate, acetyl
aleuritolic acid and germanicol palmitate, a new cleistanthane diterpene named 2,3-
seco-sonderianol, two pimarane diterpenes (yucalexin P-17 and yucalexin P-15), and
a beyerane diterpene (yucalexin B-22). In addition, a biflavonoid (amentoflavone), a
coumarin (scopoletin), syringaldehyde, oleic acid and a mixture of B-sitosterol and
stigmasterol were also isolated from this plant part. Lupeol, lupeol acetate, -
sitosterol/stigmasterol mixture and amentoflavone were also obtained from its flowers,
together with the flavonoid quercetin, another biflavonoid (putraflavone) and ellagic
acid 3,3'-dimethyl ether. The leaves of this plant provided thirteen compounds
including two new taraxerane triterpenes, 2,3-seco-taraxer-14-ene-2,3,28-trioic acid
2,3-dimethyl ester and 2,3-seco-taraxer-14-ene-2,3,28-trioic acid 3-methyl ester, two
known' triterpenes (hopenol-B and aleuritolic acid), p-sitosterol glucoside, f-
sitosterol/stigmasterol mixture, four biflavonoids (amentoflavone, sequoiaflavone,
putraflavone and ginkgetin), kaempferol and ellagic acid 3,3’-dimethyl ether.

Among the compounds isolated from E. tapos, the triterpenoid 2,3-seco-
taraxer-14-ene-2,3,28-trioic acid 2,3-dimethyl ester exhibited moderate cytotoxicity
against BC cell line with 1Csy value of 7.08 ug/ml, strong cytotoxicity against NCI-

H187 cell line with 1Csy value of 4.65 ug/ml and anti-Mycobacterium tuberculosis
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with MIC value of 3.13 ug/ml with non-cytotoxic activity against normal cell line,
Vero cell. Another triterpene, lupeol, was weakly cytotoxic against NCI-H187 cell
line with 1Cs value of 18.4 ug/ml. Both 2,3-seco-taraxer-14-ene 2,3,28-trioic acid 3-
methyl ester and lupeol were active against M. tuberculosis with the same MIC value
of 50 ug/ml. One diterpenoid, yucalexin P-17, displayed anti-herpes simplex virus
type 1 activity with 1Csp value of 3.60 pug/ml. This compound is considered as an
interesting anti-HSV-1 agent since it showed their activity as potent as acyclovir and
it has no cytotoxic effect on tested cell lines. Among the flavonoids isolated, the
biflavone ginkgetin was weakly cytotoxic against KB and BC cell lines with ICs
values of 18.5 and 10.3 ug/ml, respectively. However, it was also cytotoxic against
Vero cells with 1Csy value of 34.8 ug/ml. Putraflavone was another biflavone which
showed cytotoxicity against BC and NCI-H187 with 1Cs, values of 16.6 and 12.3
ug/ml, respectively and against Vero cells with 1Csp of 35.4 ug/ml. Ginkgetin,
putraflavone, amentoflavone and sequoiaflavone showed antituberculosis activity

with MIC values of 25, 50, 100 and 200 pg/ml, respectively.
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Figure 12. IR Spectrum of component CAR-1 (KBr disc)

Figure 13. *H NMR (300 MHz) Spectrum of component CAR-1 (in CDCls)
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Figure 14. **C NMR (75 MHz) Spectrum of component CAR-1 (in CDCls)

Figure 15. *H NMR (300 MHz) Spectrum of compound CAR-2 (in DMSO-ds)
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Figure 16. **C NMR (75 MHz) Spectrum of compound CAR-2 (in DMSO-ds)

Figure 17. UV Spectrum of compound CAR-3 (in MeOH)
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Figure 18. IR Spectrum of compound CAR-3 (KBr disc)

Figure 19. ESI Mass spectrum of compound CAR-3
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Figure 20. *H NMR (300 MHz) Spectrum of compound CAR-3 (in DMSO-ds)

Figure 21. **C NMR (75 MHz) Spectrum of compound CAR-3 (in DMSO-ds)
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Figure 22. DEPT 135, DEPT 90 and *C NMR Spectrum of compound CAR-3

Figure 23. *H-'H COSY Spectrum of compound CAR-3
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Figure 24. HMQC Spectrum of compound CAR-3

Figure 25. HMBC Spectrum of compound CAR-3
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Figure 26. IR Spectrum of compound CAR-4 (KBr disc)

Figure 27. ESI Mass spectrum of compound CAR-4
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Figure 28. H NMR (500 MHz) Spectrum of compound CAR-4 (in DMSO-ds)

Figure 29. **C NMR (75 MHz) Spectrum of compound CAR-4 (in DMSO-ds)
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Figure 30. 'H-'H COSY Spectrum of compound CAR-4

Figure 31. HMQC Spectrum of compound CAR-4
(0w 2.85-3.75 ppm, &¢ 56-90 ppm)
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Figure 32a. HMBC Spectrum of compound CAR-4 (6 2.8-3.18 ppm, d¢ 59-74 ppm)

Figure 32b. HMBC Spectrum of compound CAR-4
(61 4.20-4.75 ppm, d¢c 68-86 ppm)
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Figure 33. NOESY Spectrum of compound CAR-4

Figure 34. IR Spectrum of compound CAR-6 (KBr disc)
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Figure 35. HR ESI Mass spectrum of compound CAR-6

Figure 36a. *H NMR (500 MHz) Spectrum of compound CAR-6 (in CD;0D)
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Figure 36b. 'H NMR (500 MHz) Spectrum of compound CAR-6 (5 1.50-1.95 ppm)

Figure 36c. *H NMR (500 MHz) Spectrum of compound CAR-6 (84 3.2-4.0 ppm)
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Figure 36d. 'H NMR (500 MHz) Spectrum of compound CAR-6 (8 6.3-7.6 ppm)

Figure 37. *C NMR (75 MHz) Spectrum of compound CAR-6 (in CD3;0D)



220

Figure 38. DEPT 135, DEPT 90 and **C NMR Spectrum of compound CAR-6

Figure 39. *H-'H COSY Spectrum of compound CAR-6
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Figure 40a. HMQC Spectrum of compound CAR-6
(On 3.2-4.2 ppm, 6¢ 105-145 ppm)

Figure 40b. HMQC Spectrum of compound CAR-6
(6n 3.2-4.2 ppm, ¢ 37-60 ppm and &y 1.2-2.2 ppm, 3¢ 15-35 ppm)
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Figure 41a. HMBC Spectrum of compound CAR-6

Figure 41b. HMBC Spectrum of compound CAR-6
(6n 6.2-7.8 ppm and &¢ 108-170 ppm)
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Figure 41c. HMBC Spectrum of compound CAR-6
(0w 1.6-4.2 ppm, &¢ 110-190 ppm)

Figure 41d. HMBC Spectrum of compound CAR-6 (6 1.2-2.2 ppm, d¢ 15-50 ppm)
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Figure 41e. HMBC Spectrum of compound CAR-6 (64 3.2-5.4 ppm, 8¢ 0-75 ppm)

Figure 42. IR Spectrum of compound ET-S1 (KBr disc)
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Figure 43. El Mass spectrum of compound ET-S1

Figure 44. *H NMR (300 MHz) Spectrum of compound ET-S1 (in CDCls)
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Figure 45a. *C NMR (75 MHz) Spectrum of compound ET-S1 (in CDCl3)

Figure 45b. *C NMR (75 MHz) Spectrum of compound ET-S1 (8¢ 13-56 ppm)
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Figure 46. DEPT 135 Spectrum of compound ET-S1

Figure 47. IR Spectrum of compound ET-S2 (KBr disc)
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Figure 48. ESI Mass spectrum of compound ET-S2

Figure 49. 'H NMR (300 MHz) Spectrum of compound ET-S2 (in CDCls)
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Figure 50. **C NMR (75 MHz) Spectrum of compound ET-S2 (in CDCls)

Figure 51. DEPT 135, DEPT 90 and *C NMR Spectrum of compound ET-S2
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Figure 52. IR Spectrum of compound ET-S3 (KBr disc)

Figure 53. EIl Mass spectrum of compound ET-S3




231

Figure 54. *H NMR (300 MHz) Spectrum of compound ET-S3 (in CDCls)

Figure 55. **C NMR (75 MHz) Spectrum of compound ET-S3 (in CDCls)
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Figure 56. DEPT 135, DEPT 90 and “*C NMR Spectrum of compound ET-S3

Figure 57. IR Spectrum of compound ET-S5 (KBr disc)
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Figure 59. *H NMR (300 MHz) Spectrum of compound ET-S5 (in CDCl5)
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Figure 60. *C NMR (75 MHz) Spectrum of compound ET-S5 (in CDCl5)

Figure 61. IR Spectrum of compound ET-S6 (KBr disc)
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Figure 62. ES Mass spectrum of compound ET-S6

Figure 63. *H NMR (300 MHz) Spectrum of compound ET-S6 (in CDCl5)
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Figure 64. **C NMR (75 MHz) Spectrum of compound ET-S6 (in CDCl5)

Figure 65. DEPT 135, DEPT 90 and *C NMR Spectrum of compound ET-S6
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Figure 66a. *H-'H COSY Spectrum of compound ET-S6

Figure 66b. 'H-'H COSY Spectrum of compound ET-S6 (84 0.5-2.7 ppm)
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Figure 67. HMQC Spectrum of compound ET-S6
(61 0.5-2.6ppm, 6¢ 0-65 ppm and 8y 0.5-4.0 ppm, 6¢10-90 ppm)

Figure 68a. HMBC Spectrum of compound ET-S6
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Figure 68b. HMBC Spectrum of compound ET-S6 (6 0.7-2.0 ppm, &¢ 10-90 ppm)

Figure 69. IR Spectrum of compound ET-S7 (KBr disc)
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Figure 70. ESI Mass spectrum of compound ET-S7

Figure 71. *H NMR (300 MHz) Spectrum of compound ET-S7 (in CDCls)
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Figure 72. **C NMR (75 MHz) Spectrum of compound ET-S7 (in CDCl5)

Figure 73. DEPT 135, DEPT 90 and **C NMR spectrum of compound ET-S7
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Figure 74. *H-'H COSY Spectrum of compound ET-S7

Figure 75a. HMQC Spectrum of compound ET-S7
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Figure 75b. HMQC Spectrum of compound ET-S7 (8 0.5-2.8 ppm, &¢ 0-60 ppm)

Figure 76. HMBC Spectrum of compound ET-S7
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Figure 77. UV Spectrum of compound ET-S8 (in MeOH)

Figure 78. IR Spectrum of compound ET-S8 (KBr disc)
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Figure 79. ESI Mass spectrum of compound ET-S8

Figure 80. *H NMR (300 MHz) Spectrum of compound ET-S8 (in CDCl5)
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Figure 81. DEPT 135, DEPT 90 and **C NMR Spectrum of compound ET-S8

Figure 82. *H-'H COSY Spectrum of compound ET-S8
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Figure 83. HMQC Spectrum of compound ET-S8

Figure 84. HMBC Spectrum of compound ET-S8
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Figure 85. UV Spectrum of compound ET-S11 (in MeOH)

Figure 86. IR Spectrum of compound ET-S11 (KBr disc)
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Figure 87. HR ESI Mass spectrum of compound ET-S11
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Figure 88. 'H NMR (500 MHz) Spectrum of compound ET-S11 (in DMSO-dg)
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Figure 89. *C NMR (125 MHz) Spectrum of compound ET-S11 (in DMSO-ds)

Figure 90. DEPT 135, DEPT 90 and *C NMR of compound ET-S11



251

Figure 91a. *H-'H COSY Spectrum of compound ET-S11

Figure 91b. *H-'H COSY Spectrum of compound ET-S11 (expansion)
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Figure 92a. HMQC Spectrum of compound ET-S11 (64 0.3-3.1 ppm, &¢ 2-35 ppm)

Figure 92b. HMQC Spectrum of compound ET-S11 (6 2.2-2.9 ppm, &¢c 36-52 ppm)
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Figure 92c. HMQC Spectrum of compound ET-S11
(61 5.0-6.8 ppm, 6¢ 107-139 ppm)

Figure 93a. HMBC Spectrum of compound ET-S11
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Figure 93b. HMBC Spectrum of compound ET-S11 (64 0.4-3.0 ppm, &¢ 10-55 ppm)

Figure 93c. HMBC Spectrum of compound ET-S11
(6w 4.5-9.7 ppm, &¢ 105-190 ppm)
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Figure 93d. HMBC Spectrum of compound ET-S11
(81 0.6-3.0 ppm, 6¢ 110-190 ppm)

Figure 94. UV Spectrum of compound ET-S12 (in CHCI5)
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Figure 95. IR Spectrum of compound ET-S12 (KBr disc)

Figure 96. ESI Mass spectrum of compound ET-S12
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Figure 97. *H NMR (300 MHz) Spectrum of compound ET-S12 (in CDCls)

Figure 98. **C NMR (75 MHz) Spectrum of compound ET-S12 (in CDCl3)
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Figure 99. DEPT 135, DEPT 90 and **C NMR Spectrum of compound ET-S12

Figure 100. *H-'H COSY Spectrum of compound ET-S12
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Figure 101. HMQC Spectrum of compound ET-S12

Figure 102. HMBC Spectrum of compound ET-S12
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Figure 103. IR Spectrum of compound ET- S14 (KBr disc)
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Figure 104. EI Mass spectrum of compound ET-S14
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Figure 105. *H NMR (300 MHz) Spectrum of compound ET-S14 (in CDCls)

Figure 106. *C NMR (75 MHz) Spectrum of compound ET-S14 (in CDCls)
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Figure 207. IR Spectrum of compound ET-S15 (KBr disc)

Figure 108. ESI Mass spectrum of compound ET-S15
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Figure 109. *H NMR (300 MHz) Spectrum of compound ET-S15 (in CDCls)

Figure 110. *C NMR (75 MHz) Spectrum of compound ET-S15 (in CDCls)
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Figure 111. DEPT 135, DEPT 90 and *C NMR Spectrum of compound ET-S15

Figure 112. H-'H COSY Spectrum of compound ET-S15
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Figure 113. HMQC Spectrum of compound ET-S15

Figure 114. HMBC Spectrum of compound ET-S15
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Figure 115. UV Spectrum of compound ET-S17 (in MeOH)

Figure 116. IR Spectrum of compound ET-S17 (KBr disc)
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Figure 117. ESI Mass spectrum of compound ET-S17

Figure 118. *H NMR (300 MHz) Spectrum of compound ET-S17 (in acetone-ds)
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Figure 119. *C NMR (75 MHz) Spectrum of compound ET-S17 (in acetone-dg)

Figure 120. *H-'H COSY Spectrum of compound ET-S17 (8 4.5-8.5 ppm)
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Figure 121. HMQC Spectrum of compound ET-S17

Figure 122a. HMBC Spectrum of compound ET-S17
(61 0-8 ppm, 8¢ 90-115 ppm)
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Figure 122b. HMBC Spectrum of compound ET-S17
(81 5.5-8.5 ppm, &¢ 90-200 ppm)

Figure 122c. HMBC Spectrum of compound ET-S17
(6w 1-8.5 ppm, &¢ 154-169 ppm)
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Figure 123. UV Spectrum of compound ET-F6 (in MeOH)

Figure 124. IR Spectrum of compound ET-F6 (KBr disc)
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Figure 125. ESI Mass spectrum of compound ET-F6

Figure 126. *H NMR (300 MHz) Spectrum of compound ET-F6 (in DMSO-ds)
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Figure 127. *C NMR (75 MHz) Spectrum of compound ET-F6 (in DMSO-ds)

Figure 128. DEPT 135, DEPT 90 and **C NMR Spectrum of compound ET-F6
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Figure 129. 'H-'H COSY spectrum of compound ET-F6 (8 5.5-9.0 ppm)

Figure 130a. HMQC Spectrum of compound ET-F6
(61 6.0-8.5 ppm, &¢ 88-136 ppm)
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Figure 130b. HMQC Spectrum of compound ET-F6 (64 3.6-5.1 ppm, ¢ 46-64 ppm)

Figure 131a. HMBC Spectrum of compound ET-F6
(6n 6-13 ppm, 8¢ 90-134 ppm)
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Figure 131b. HMBC Spectrum of compound ET-F6
(61 6.2-8.1 ppm, 6¢ 155-185 ppm)

Figure 131c. HMBC Spectrum of compound ET-F6
(6n 12.85-13.18 ppm, &¢ 95-109 ppm)
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Figure 131d. HMBC Spectrum of compound ET-F6
(0n 12.8-13.2 ppm, 8¢ 156-167 ppm)
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Figure 132. EI Mass spectrum of compound ET-F7
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Figure 133. *H NMR (300 MHz) Spectrum of compound ET-F7 (in DMSO-ds)

Figure 134. *C NMR (75 MHz) Spectrum of compound ET-F7 (in DMSO-ds)
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Figure 135. DEPT 135, DEPT 90 and **C NMR Spectrum of compound ET-F7

Figure 136. *H-'H COSY Spectrum of compound ET-F7
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Figure 137. HMBC Spectrum of compound ET-F7 (6 0-8.5 ppm, 8¢ 50-170 ppm)

Figure 138. UV Spectrum of compound ET-FM3 (in MeOH)
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Figure 139. IR Spectrum of compound ET-FM3 (KBr disc)

Figure 140. ESI Mass spectrum of compound ET-FM3
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Figure 141. *H NMR (300 MHz) Spectrum of compound ET-FM3 (in acetone-ds)

Figure 142. *C NMR (75 MHz) Spectrum of compound ET-FM3 (in acetone-ds)
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Figure 143. *H-'H COSY spectrum of compound ET-FM3 (5, 5.8-8.5 ppm)

Figure 144. HMQC Spectrum of compound ET-FM3
(61 6.0-8.5 ppm, &¢ 90-140 ppm)
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Figure 145. HMBC Spectrum of compound ET-FM3
(6n 6.0-12.5 ppm, ¢ 90-180 ppm)

Figure 146. IR Spectrum of compound ET-L2 (KBr disc)
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Figure 147. EI Mass spectrum of compound ET-L2

Figure 148. *H NMR (500 MHz) Spectrum of compound ET-L2 (in acetone-dg)
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Figure 149a. **C NMR (125 MHz) Spectrum of compound ET-L2 (in acetone-de)

Figure 149b. *C NMR (125 MHz) Spectrum of compound ET-L2 (8¢ 14-80 ppm)
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Figure 150. DEPT 135, DEPT 90 and **C NMR Spectrum of compound ET-L2

Figure 151. *H-'H COSY Spectrum of compound ET-L2
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Figure 152a. HSQC Spectrum of compound ET-L2 (64 0.7-2.1 ppm, d¢ 12-28 ppm)

Figure 152b. HSQC Spectrum of compound ET-L2 (64 0.6-2.4 ppm, &¢c 31-61 ppm)
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Figure 153a. HMBC Spectrum of compound ET-L2 (64 1.1-2.4 ppm, d¢ 12-60 ppm)

Figure 153b. HMBC Spectrum of compound ET-L2 (64 0.6-1.9 ppm, &¢c 12-30 ppm)
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Figure 153c. HMBC Spectrum of compound ET-L2 (64 0.6-1.9 ppm, 8¢ 12-26 ppm)

Figure 153d. HMBC Spectrum of compound ET-L2
(61 0.65-1.05 ppm, 8¢ 30-61 ppm)
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Figure 153e. HMBC Spectrum of compound ET-L2 (64 1.0-1.93 ppm, &¢ 31-60 ppm)

Figure 153f. HMBC Spectrum of compound ET-L2 (64 2.0-4.9 ppm, ¢ 5-60 ppm)
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Figure 153g. HMBC Spectrum of compound ET-L2 (8 0.5-1.9 ppm, 8¢ 70-160 ppm)

Figure 153h. HMBC Spectrum of compound ET-L2
(6n 2.0-5.2 ppm, 8¢ 90-160 ppm)
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Figure 154. IR Spectrum of compound ET-L3 (KBr disc)

Figure 155. HR ESI Mass spectrum of compound ET-L3
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Figure 156a. *H NMR (500 MHz) Spectrum of compound ET-L3 (54 0.5-6.0 ppm)

Figure 156b. *H NMR (500 MHz) Spectrum of compound ET-L3 (84 0.6-1.3 ppm)
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Figure 156¢. *H NMR (500 MHz) Spectrum of compound ET-L3 (8y 1.8-2.6 ppm)

Figure 156d. *H NMR (500 MHz) Spectrum of compound ET-L3 (8 3.4-5.6 ppm)
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Figure 157a. **C NMR (125 MHz) Spectrum of compound ET-L3 (in acetone-de)

Figure 157b. *C NMR (125 MHz) Spectrum of compound ET-L3 (8¢ 17-53 ppm)
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Figure 158a. ‘H-'H COSY Spectrum of compound ET-L3

Figure 158b. *H-'H COSY Spectrum of compound ET-L3 (64 0.7-2.7 ppm)
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Figure 159a. HSQC Spectrum of compound ET-L3 (64 0.8-2.5 ppm, 6¢ 30-36 ppm)

Figure 159b. HSQC Spectrum of compound ET-L3 (64 1.0-2.9 ppm, &¢ 38-43 ppm)
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Figure 159c. HSQC Spectrum of compound ET-L3 (64 0.9-3.8 ppm, d¢ 30-54 ppm)

Figure 159d. HSQC Spectrum of compound ET-L3 (64 0.8-1.8 ppm, d¢ 16-29 ppm)
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Figure 160a. HMBC Spectrum of compound ET-L3
(61 1.12-1.30 ppm, oc 22.5-28 ppm)

Figure 160b. HMBC Spectrum of compound ET-L3
(61 0.84-1.02 ppm, 6¢ 27.5-32.5 ppm)
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Figure 160c. HMBC Spectrum of compound ET-L3
(6w 0.80-1.28 ppm, o¢c 31-52 ppm)

Figure 160d. HMBC Spectrum of compound ET-L3 (64 1.2-2.7 ppm, d¢c 16-26 ppm)
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Figure 160e. HMBC Spectrum of compound ET-L3 (6 1.2-2.7 ppm, d¢ 30-52 ppm)

Figure 160f. HMBC Spectrum of compound ET-L3
(6n 1.26-1.44 ppm, d¢ 26.5-30 ppm)
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Figure 160g. HMBC Spectrum of compound ET-L3
(6n 0.5-4.0 ppm, 6¢ 110-190 ppm)

Figure 160h. HMBC Spectrum of compound ET-L3
(6n 3.2-5.8 ppm, 6¢ 30-58 ppm)
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Figure 161. IR Spectrum of compound ET-L5 (KBr disc)

Figure 162. HR ESI Mass spectrum of compound ET-L5
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Figure 163a. *H NMR (500 MHz) Spectrum of compound ET-L5 (in DMSO-dg)

Figure 163b. *H NMR (500 MHz) Spectrum of compound ET-L5 (8 0.60-1.16 ppm)
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Figure 163c. *H NMR (500 MHz) Spectrum of compound ET-L5 (8 1.16-2.0 ppm)

Figure 163d. *H NMR (500 MHz) Spectrum of compound ET-L5 (84 2.0-3.6 ppm)
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Figure 163e. *H NMR (500 MHz) Spectrum of compound ET-L5 (8 4-12 ppm)

Figure 164. *C NMR (125 MHz) Spectrum of compound ET-L5 (in DMSO-dg)
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Figure 165. H-'H COSY Spectrum of compound ET-L5

Figure 166a. HSQC Spectrum of compound ET-L5
(6n 2.0-6.0 ppm, &¢ 46-120 ppm)
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Figure 166b. HSQC Spectrum of compound ET-L5 (64 0.6-2.6 ppm, d¢ 16-36 ppm)

Figure 166¢c. HSQC Spectrum of compound ET-L5 (64 1.2-3.6 ppm, d¢ 39-53 ppm)
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Figure 167a. HMBC Spectrum of compound ET-L5 (64 0.8-1.4 ppm, d¢ 23-39 ppm)

Figure 167b. HMBC Spectrum of compound ET-L5
(61 0.85-1.35 ppm, &¢ 41-50 ppm)
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Figure 167c. HMBC Spectrum of compound ET-L5
(61 2.10-2.70 ppm, 6¢ 17-39 ppm)

Figure 167d. HMBC Spectrum of compound ET-L5
(6w 2.10-2.65 ppm, d¢ 41-53 ppm)
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Figure 167e. HMBC Spectrum of compound ET-L5
(0n 1.4-2.76 ppm, 8¢ 15-57 ppm)

Figure 167f. HMBC Spectrum of compound ET-L5
(8w 5.44-5.62 ppm, d¢ 35.5-39.2 ppm)
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Figure 167g. HMBC Spectrum of compound ET-L5
(6w 3.50-3.75 ppm, 6¢ 177.2-181.3 ppm)

Figure 167h. HMBC Spectrum of compound ET-L5
(1 0.8-3.8 ppm, &¢ 114-184 ppm)
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Figure 168. IR Spectrum of compound ET-L12 (KBr disc)

Figure 169. ESI Mass spectrum of compound ET-L12
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Figure 170. *H NMR (300 MHz) Spectrum of compound ET-L12 (in DMSO-ds)

Figure 171. *C NMR (75 MHz) Spectrum of compound ET-L12 (in DMSO-dg)
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Figure 172a. DEPT 135, DEPT 90 and **C NMR Spectrum of compound ET-L12

Figure 172b. DEPT 135, DEPT 90 and **C NMR Spectrum of compound ET-L12
(expansion)
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Figure 173. UV Spectrum of compound ET-LC4 (in MeOH)

Figure 174. IR Spectrum of compound ET-LC4 (KBr disc)
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Figure 175. ESI Mass spectrum of compound ET-LC4

Figure 176. "H NMR (300 MHz) Spectrum of compound ET-LC4 (in CD,0D+CDCl;)
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Figure 177. *C NMR (75 MHz) Spectrum of compound ET-LC4 (in CD,0D+CDCl)

Figure 178. *H-'H COSY Spectrum of compound ET-LC4 (84 5.0-9.0 ppm)
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Figure 179. HMQC Spectrum of compound ET-LC4

Figure 180. HMBC Spectrum of compound ET-LC4
(6 5.7-8.0 ppm, 8¢ 90-180 ppm)
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Figure 181. UV Spectrum of compound ET-LC7 (in MeOH)

Figure 182. IR Spectrum of compound ET-LC7 (KBr disc)
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Figure 183. ESI Mass spectrum of compound ET-LC7

Figure 184a. *H NMR (500 MHz) Spectrum of compound ET-LC7 (in DMSO-dg)
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Figure 184b. *H NMR (500 MHz) Spectrum of compound ET-LC7 (84 6.3-8.2 ppm)

Figure 185a. **C NMR (125 MHz) Spectrum of compound ET-LC7 (in DMSO-ds)



324

Figure 185b. *C NMR (125 MHz) Spectrum of compound ET-LC7
(8¢ 90-135 ppm)

Figure 185c. *C NMR (125 MHz) Spectrum of compound ET-LC7
(8¢ 155-185 ppm)




325

Figure 186. DEPT 135 and **C NMR Spectrum of compound ET-LC7

Figure 187. *H-'H COSY Spectrum of compound ET-LC7 (84 6.0-8.4 ppm)
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Figure 188a. HMQC Spectrum of compound ET-LC7
(On 2.2-4.2 ppm, 3¢ 36-62 ppm)

Figure 188b. HMQC Spectrum of compound ET-LC7
(8 6.0-8.4 ppm, d¢ 90-140 ppm)
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Figure 189a. HMBC Spectrum of compound ET-LC7
(6n 3.60-4.00 ppm, &¢c 162-169 ppm)

Figure 189b. HMBC Spectrum of compound ET-LC7
(6n 6.0-8.2 ppm, &¢ 90-108 ppm)
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Figure 189c. HMBC Spectrum of compound ET-LC7
(61 6.2-8.4 ppm, 8¢ 112-136 ppm)

Figure 189d. HMBC Spectrum of compound ET-LC7
(61 6.2-8.4 ppm, d¢ 150-190 ppm)
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Figure 189e. HMBC Spectrum of compound ET-LC7
(61 12.8-13.3 ppm, o¢ 95-110 ppm)

Figure 189f. HMBC Spectrum of compound ET-LC7
(6w 12.8-13.3 ppm, &¢ 159-167 ppm)
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Figure 190. UV spectrum of compound ET-LC13 (in MeOH)

Figure 191. IR Spectrum of compound ET-LC13 (KBr disc)
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Figure 192. ESI Mass spectrum of compound ET-LC13

Figure 193. *H NMR (500 MHz) Spectrum of compound ET-LC13 (in DMSO-ds)
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Figure 194a. *C NMR (125 MHz) Spectrum of compound ET-LC13 (in DMSO-d)

Figure 194b. *C NMR (125 MHz) Spectrum of compound ET-LC13
(8¢ 90-135 ppm)
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Figure 194c. *C NMR (125 MHz) Spectrum of compound ET-LC13
(8¢ 150-185 ppm)

Figure 195. DEPT 135 and *C NMR Spectrum of compound ET-LC13
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Figure 196. 'H-'H COSY Spectrum of compound ET-LC13 (54 5.5-9.0 ppm)

Figure 197a. HMQC Spectrum of compound ET-LC13
(OH 1.6-4.2 ppm, d¢ 20-65 ppm)
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Figure 197b. HMQC Spectrum of compound ET-LC13
(61 4.0-9.6 ppm, 8¢ 70-140 ppm)

Figure 198a. HMBC Spectrum of compound ET-LC13
(6n 6.0-8.8 ppm, &¢ 75-135 ppm)
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Figure 198b. HMBC Spectrum of compound ET-LC13
(0w 3.2-4.2 ppm, 8¢ 152-170 ppm)

Figure 198c. HMBC Spectrum of compound ET-LC13
(0w 6.4-8.2 ppm, &¢ 152-170 ppm)
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Figure 198d. HMBC Spectrum of compound ET-LC13
(61 12.4-13.6 ppm, 5¢ 88-110 ppm)

Figure 198e. HMBC Spectrum of compound ET-LC13
(6w 12.4-13.6 ppm, &¢ 150-170 ppm)
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