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CHAPTER I
INTRODUCTION

The genus Croton belongs to the family Euphorbiaceae. They are a big genus
and comprise of approximately 800 species. They are pantropical with the center of
diversity in America and in Asia slightly less than 100 species. In Thailand there are
about 30 species and they are a big genus in the North forest of Thailand [1,2]. The
plants in the genus Croton contain various types of diterpenes that exhibit interesting
biological activities such as anti-inflammatory [3], antimycobacterial, antimalarial [4],
and cytotoxic activity [5]. In addition, several types of compounds have been isolated
from Croton, and can be classified as sesquiterpenes, diterpenes, triterpenes and

alkaloid compounds.

Croton are tree, shrubs or herbs. The followings are the descriptions of
Croton: Leaves alternate to crowded, sometimes pseudo-verticillate; petiole distinct;
blade simple, symmetric, variable in shape and margin, always with a pair of glands
on the upper or lower base of blade or midrib or on the petiole apex. Inflorescences
unbranched, a basal part pistillate with 1 flower per bract, more rarely completely
pistillate or staminate. Flowers actinomorphic, pedicellate; sepals 5, ovate-elliptic;
petals 5. Staminate flowers: stamens 10-20, inflexed in bud. Pistillate flowers petals
much smaller than the sepals or more often absent; staminodes absent; ovary 3-
locular, with 1 ovule per carpel. Fruits 3-locular, smooth or shallowly muriculate.
Seeds 3 per fruit, dry, ellipsoid, brown, glabrous or (rarely) with scattered hairs,
smooth, with or without a carunclef1,2].

Various common names of Croton oblongifolius Roxb. have been called in
each part of Thailand: Plao (al&), Plao Yai (u/&ugj) (general); Chi-Mae-Chi-Cha, Chi-

Mia-Chi-Yat-Apa (Akha-Chiang Rai); Say-Ga-Wa (Karen-Lamphun); Plao Luang
(w&wmana) (Northern); Khwa-Wu (a1z3) (Karen-Kanchanaburi); Plachua Kwan (u/é
W) (Prachuap Khiri Khan); Po (nhz) (Kamphaeng Phet); Seng-Khe-Khang (isfusida),
Sa-Ka-Wa (aznz), Sa-Ku-Wa (dwaz) (Karen-Mae Hong Son); Ha-Yoeng (#ii)
(Shan-Mae Hong Son) [1].



Botanical characteristics of Croton oblongifolius Roxb. [1,2]

C. oblongifolius is a shrub or a tree up to 10(15) m tall. C. oblongifolius can be
described as follow: Bark thin, smoot, cracked with age, grayish to tan, inner bark
pink. Leaves: alternate (sometimes only in an apical whorl); petiole 1.0-1.2 cm; blade
elliptic, 10-32 by 4-12 cm, margin distinctly serrate, apex acute to rounded, very
sparsely pubescent to glabrous below. Inflorescences: greenwish-whithish, often
several in an apical leafless whorl, 9-36 cm long, with 9-23 pistillate flowers,
sometime completely staminate, without bisexual bracts. Staminate flowers: pedicel
2.5-5 mm long, densely pubescent; sepals 2.5-3 by 1.5 mm; petal 3 by 1 mm; stamens
10-12, glabrous or variously pubescent (rarely even on the anthers). Fruits: 6-7 mm,
sulcate, surface sparsely but distinctly pubescent; pericarp quite thick. Seeds: 6 by

4mm, with a small caruncle.
The picture of C. oblongifolius Roxb. is shown in Figure 1.

C. oblongifolius is found in Thailand in the following areas. NORTHERN:
Mea Hong Son, Chiang Mai, Chiang Rai, Phayao, Nan, Lamphun, Lampang, Phrae,
Tak, Sukothai, Phitsanulok, Kampaeng Phet, Nakhon Sawan; NORTH-EASTERN:
Phetchaboon, Loei, Nong Khai, Sakon Nakhon, Nakhon Phanom, Mukdahan;
EASTERN: Chaiyaphum, Nakhon Ratchasima; SOUTH-WESTERN: Uthai Thani,
Kanchanaburi, Phetchaburi, Prachuap Khiri Khan; CENTRAL: Saraburi, Nakhon
Nayok; SOUTH-EASTERN: Sa Kaeo, Chanthaburi.

C. oblongifolius is-also found in other parts of Asia, e.g. India, Nepal, Bhutan,

Bangladesh, Burma, Laos, Cambodia, and Vietnam.

Our . preliminary evaluation for biological activity revealed that the crude
extract of Croton oblongifolius showed. cytotoxicity against HUCCA-1, KB, HelLA,
MDA-MB231, and T47D cell lines with 1Csq values of 37.0, 30.0, 22.0, 18.0, and 17.0

ug/ml, respectively.



The objectives of this research are summarized as follow:

1. To extract, isolate, and purify chemical constituents from the roots of
C. oblongifolius.

2. To elucidate structure of the isolated compounds by analysis of

spectroscopic data.

3. To evaluate cytotoxic activity of the isolated compounds.

Figure 1: Croton oblongifolius Roxb.



CHAPTER Il
LITERATURE REVIEW

2.1 Chemical constituents of the genus Croton.

Croton species have been shown to be sources of terpenoids, alkaloids, and
flovanoids (Table 1).

Table 1: Compounds isolated from Croton species.

Compound Category Plant part References

C. arboreous Sesquiterpene Aerial [6]
5a,70,10BH-3-Patchoulen-2-one

O,

50,10B-4(15)-Eudesmen-1B,6B- | Sesquiterpene Aerial [6]
diol

C. Haumanianus Diterpene Trunk bark [7]

Crotohaumanoxide

Table 1: Compounds isolated from Croton species (continued).



Compound Category Plant part References

C. hemiargyreus Alkaloid Leaves and [8]
Glaucine stem

BSOS
C. insularis Diterpene Leaves [9]
ent-Trachyloban-3-one
C. jatrophoides Triterpene Roots [10]
Zumsenol
C. joufra Diterpene Leaves [11]

3B-Hydroxy-19-O-acety|-
pimara-8(9),15-dien-7-one

Table 1: Compounds isolated from Croton species (continued).




Compound

Category

Plant part

References

C. salutaris
(10E)-3,12-Dihydroxy-
3,7,11,15-tetramethyl-1,10,14-
hexadecatrien-5,13-dione

OH
HO

C. tiglium
12-0O-Acetylphorbol-13-
decanoate

C. tonkinensis
ent-7a,14B3-Dihydroxykaur-16-
en-15-one

C. zambesicus

Crotonadiol

Diterpene

Diterpene

Diterpene

Diterpene

Twig

Seed

Leaves

Stem bark

[12]

[13]

[14]

[15]




2.2 Chemical constituents of C. oblongifolius.

In 1968, Rao and coworkers isolated a diterpene alcohol, oblongifoliol,

together with B-sitosterol from the barks of C. oblongifolius [16].

In 1969, Aiyar and Seshadri found a deoxyoblongifoliol from the stem barks
of C. oblongifolius [17].

In 1970, Aiyar and Seshadri studied the structure of oblongifolic acid, the
major diterpene acid component of the barks, which was assigned as (+)-isopimara-
7(8),15-diene-19-oic acid [18].

In 1971, Aiyar and Seshadri found three new minor components from the stem
barks, including ent-isopimara-7,15-diene, 19-hydroxy-ent-isopimara-7,15-diene, and
ent-isoimara-7,15-diene-19-aldehyde [19]. In the same year, they also isolated
oblongifoliol and deoxyoblongifoliol which were assigned as ent-isopimara-7,15-
diene-3B-ol, and ent-isopimara-7,15-diene-3p,19-diol, respectively [20]. Moreover,
acetyl aleuritolic acid and 3B-acetoxy-olean-14(15)-ene-28-oic acid were found from
the stem barks of this plant [21].

In 1972, Aiyar and Seshadri found two closely related furanoid diterpenes
from the barks. One was ent-15,16-epoxy-3,11,13(16),14-clerodateraen-19-oic acid
which given the trivial name 11-dehydro-(-)-hardwickiic acid and the second was
(-)-hardwickiic acid [22]. In the same year, they studied other parts of C. oblongifolius
including the roots, woods, and leaves. Most compounds reported were isolated from
the stem barks, not from the woods (poor yield), while the leaves gave only waxy

materials [23].

In 1998, Roengsumran and coworkers isolated two new  cembranoids,
crotocembraneic acid and neocrotocembraneic acid from the stem barks of
C. oblongifolius [24].

In 1999, Roengsumran and coworkers isolated four new labdane diterpenoids,
labda-7,12(E),14-triene, labda-7,12(E),14-triene-17-al, labda-7,12(E),14-triene-17-ol,
and labda-7,12(E),14-triene-17-oic acid from the stem barks of C. oblongifolius [25].
In the same year, they also found a new cembranoid diterpene and neocrotocembranal



in the stem barks of C. oblongifolius. These compounds inhibited platelet aggregation
induced by thrombin, and also exhibited cytotoxicity against P-388 cells [26].

In 2001, Roengsumran and coworkers reported the presence of three labdane
diterpenes, 2-acetone-3-hydroxy-labda-8(17),12(E),14-triene, 3-acetoxy-2-hydroxy-
labda-8(17),12(E)-14-triene, and 2,3-dihydroxy-labda-8(17),12(E)-14-triene in the
stem barks of C. oblongifolius. These compounds showed significant cytotoxicity

against various human tumor cell lines [27].

In 2002, Roengsumran and coworkers found a new furoclerodane,
croblongifolin, together with a known clerodane, crovatin, and a known labdane,
nodorellol, in the stem barks of C. oblongifolius. These diterpenes exhibited
significant cytotoxicity against various human tumor cell lines, including HEP-G2,
SW620, CHAGO, KATO3, and BT474 [5].

In 2004, Roengsumran and coworkers found three new halimane-type
diterpenoids, 12-benzoyloxycrotohalimaneic acid, crotohalimaneic acid, and
crotohalimonelic acid in the stem barks of C. oblongifolius. The isolated compounds

showed significant cytotoxicity against various human tumor cell lines [28].

The diterpenes isolated from C. oblongifolius can be classified into 10 groups
[44], as shown in the Table 2 and Figure 2



Table 2: Diterpenes isolated from C. oblongifolius.

Compound Plant part Reference
1. Cembrane diterpenoids
crotochembraneic acid Stem Bark [24,29,30,31]
neocrotocembraneic acid Stem Bark [24,30,31]
Leaves [32]
neocrotocembranal Stem Bark [26,30]
polianeic acid Stem Bark [33]
(2E,7E,11E)1-isopropyl-1,4-dihydroxy-4,8- Stem Bark [31]
dimethylcyclotetradeca-2,7,11-triene-12-
carboxilic acid
2. Clerodane diterpenoids
crovatin Stem Bark [30,34]
croblongifolin Stem Bark [5]
isokolavenol Stem Bark [30]
nasimalun A Stem Bark [35,44]
(-)-hardwickiic acid Stem Bark [22,29,30,35,
36,37,38,39,44]
Roots [23]
(-)-20 benxyloxyhardwickiic acid Stem Bark [36,38]
11-dehydro-(-)-hardwickiic acid Stem Bark [22]
Roots [23]
methyl-15,16-epoxy-12-0x0-3,13(16),14- Stem Bark [31]
clerodatriene-20,19-olide-17-o0ate
3. Cleistanthane diterpenoids
cleistantha-4,13(17),15-triene-3-oic acid Stem Bark [34]
cleistantha-4(18),13(17),15-triene-3-ol Stem Bark [34]
cleistantha-4(18),12,15-triene-3-oic acid Stem Bark [34]
methyl-cleistantha-4(18),13(17),15-triene-3- Stem Bark [34]
oate Stem Bark [34,37,45]

3,4-seco-cleistantha-4(18),13(17),15-triene-3-

oic acid




Table 2: Diterpenes isolated from C. oblongifolius (continued).

Compound Plant part Reference
3. Cleistanthane diterpenoids (continued)
cleistantha-4,13(17),15-triene-3-oic acid Stem Bark [37]
3,4-sec0-13,17-epoxycleistantha-4(18),15- Stem Bark [45]
diene-3-oic acid
3,4-sec0-8,14-epoxypimara-4(18),15-diene-3- Stem Bark [45]
oic acid
3-hydroxycleistantha-13(17),15-diene Stem Bark [45]
4. Kaurane diterpeneoids
kaur-16-en-19-oic acid Stem Bark [39]
kaur-16-en-19-ol Stem Bark [39]
methyl-kaur-16-en-19-oate Stem Bark [39]
16,17-epoxy-kaur-19-oic acid Stem Bark [39]
17-hydroxykaur-15-en-19-oic acid Stem Bark [39]
5. Labdane diterpenoids
nidorellol Stem Bark [5,30,33]
labda-7,12(E),14-triene Stem Bark [25,40]
labda-7,12(E),14-triene-17-al Stem Bark [25,40]
labda-7,12(E),14-triene-17-ol Stem Bark [25,40]
labda-7,12(E),14-triene-17-oic acid Stem Bark [25,38,40]
3-acetoxy-labda-8(17),12(E),14-triene-2-ol Stem Bark [27,38,40,41]
2-acetoxy-labda-8(17),12(E),14-triene-3-ol Stem Bark [17,38,40,41]
labda-8(17),12(E),14-triene-2,3-diol Stem Bark [38,41]
labda-7,13(Z)-diene-17,12-olide Stem Bark [36]
labda-7,13(Z)-diene-17,12-olide-15-ol Stem Bark [36]
6-acetoxy-12(E),14-labdadiene-7,8-diol Stem Bark [33]
12(E),14-labdadiene-6,7,8-triol Stem Bark [33]
12(E),14-labdadiene-6,7-diol Stem Bark [33]
12,15-epoxy-8(17),12,14-labdatriene Stem Bark [42]
ent-8(17),12(E),14-labdatriene-18-oic acid Stem Bark [42]

10



Table 2: Diterpenes isolated from C. oblongifolius (continued).

Chemical compound Plant part Reference

5. Labdane diterpenoids (continued)

(5S,8S,9S,10R,12S,13S)-8,13-epoxy-12- Stem Bark [43]

hydroxy-labda-1,14-dien-3-ol

(5S,8S,9S,10R,12S,13S)-8,13-epoxy-12- Stem Bark [43]

hydroxy-labda-1,14-dien-3-one

6. Halimane diterpenoids

crotohalimaneic acid Stem Bark [26,30]

benzoyl crotohalimaneic acid Stem Bark [26,30]

crotohalimoneic acid Stem Bark [30]

7. Pimarane diterpenoids

oblongifoliol Stem Bark [16]
Roots [23]

oblongifolic acid Stem Bark [18]
Roots [23]

(-)-pimara-9(11),15-diene-19-oic acid Stem Bark [31]

(-)-pimara-9(11),15-diene-19-ol Stem Bark [31]

3-deoxyoblongifoliol Stem Bark [19]
Roots [23]

19-deoxyoblongifoliol Stem Bark [17]
Roots [23]

8. Isopimarane diterpenoids

ent-isopimara-7,15-diene Stem Bark [20]

ent-isopimara-7,15-diene-19-aldehyde Stem Bark [19]

9. Abitane diterpene

aebita-7,13-diene-3-one Stem Bark [37]

10. Trachylobane diterpenoid

trachylobane-19-oic acid Stem Bark [33]

11
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1. Cembrane diterpenoids

NN NN
COOH COOH
Crotocembraneic acid Neocrotocembraneic acid

N

. Clerodane diterpenoids

COOH

(-)-Hardwickiic acid Nasimalun A

3. Cleistanthane diterpenoids

= HOOC =

HO

3-Hydroxycleistantha-13(17),15-diene 3,4-seco-Cleistantha-4(18),13(17),15-triene-3-oic acid

Figure 2: The structures of diterpenes isolated from C. oblongifolius.
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4. Kaurane diterpeneoids

CTH OH
2

Kaur-16-en-19-oic acid Kaur-16-en-19-ol

5. Labdane diterpenoids

Labda-7,12(E),14-triene-17o0l 2-Acetoxy-labda-8(17),12(E),14-triene-3-ol

6. Halimane diterpenoids

COOH ZOO0H

Crotohalimaneic acid Crotohalimoneic acid

Figure 2: The structures of diterpenes isolated from C. oblongifolius.
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7. Pimarane diterpenoids

HO™

<& N
HOOC HOH2C\

Oblongifolic acid Oblongifoliol

8. Isopimarane diterpenoids

\\

ent-isopimara-7,15-diene ent-isopimara-7,15-diene-19-aldehyde

9. Abitane diterpene

Aeita-7,13-diene-3-one

10. Trachyloban diterpenoids

“CooH
Trachyloban-19-oic acid

Figure 2: The structures of diterpenes isolated from C. oblongifolius.



15

2.3 Biosynthesis of diterpene compounds.

The diterpenes prosess twenty carbon atoms in their molecule. They are
biogenetically derived from geranylgeranyl pyrophosphate (GGPP) by the addition of
a futher isopentenyl pyrophosphate (IPP) molecule to farnesyl diphosphate, as shown

in Schemes 1-3 [46].

H+

0O O) (O] o 0
H
. N o~
)k/-\ )J\)J\ - HO C N
SCoA SCoA 2 SCoA

Y Seon < HMG-CoA
e} s g SEnz
Acetyl-CoA M,\H/

6}

Scheme 1: Biosynthesis of 3-hydroxy-3-methylglutaroyl coenzyme A.

OH i HMG-CoA reduct S I
N -COA reductase D
HO C ‘ » HOC >
2 SCoA 2 SCoA
NADH H
HMG-CoA Mevaldic acid

hemithioacetal

\\\OH NADPH e\OH
—» HOC 3 ———» HOC N
= 0 2 OH

Mevaldic acid Mevalonic acid
o}
[l
HO—T—O—ADP
2 xATP 0 OH ATP
= OH —
H\/\ BN -CO,
O OPP

HY O isomerase )\/\
—_—
> OPP — opP
\\
H H

Dimethylallyl pyrophosphate
(DMAPP)

Scheme 2: Origin of tr({gp)isopentenyl pyrophosphate (IPP) and dimethylallyl
pyrophosphate (DMAPP).

Isopentenyl pyrophosphate
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)\/\OPP - )\/\opp

Isopentenyl pyrophosphate Dimethylallyl pyrophosphate

(IPP) Y (DMAPP)
)\/\)\/\
OPP

Geranyl pyrophosphate

(GPP)

IPP X

NN NN N
OPP
Farnesyl pyrophosphate

(FPP)

IPP-=2X

AN S X AN

OPP

Geranylgeranyl pyrophosphate
(GGPP)

Scheme 3: Biosynthetic of geranylgeranyl pyrophosphate (GGPP).
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2.4 Biosynthetic relationship of diterpene compounds.

The typical diterpenes in Croton species are casbane, cembrane, cleisthathane,
clerodane, kaurane, labdane, pimarane, and halimane. The biosynthetic relationships

among diterpenes are displayed in Scheme 4 [47].

2 w
_———

Geranylgeranyl pyrophosphate Cembrane

>~

Qig:(\':{earrangemem g;(%\/(\
—_—

Pimarane Labdane Halimane
Cleistanthane Stachane Clerodane
Kaurane seco-Kaurane

Scheme 4: Biosynthetic relationships of diterpenes in Croton species.



CHAPTER Il

EXPERIMENTS

3.1 Plant material.

The roots of Croton oblongifolius Roxb. (Plao-Yai) were collected from

Nakhon Sawan Province, Thailand, in August 2005.
3.2 Instruments and equipments.

3.2.1 Nuclear magnetic resonance spectrometer (NMR).

NMR spectra were recorded on a Bruker AM-400 (400 MHz)
spectrometer operated at 400 MHz for *H and 100 MHz for **C.

3.2.2 Mass spectrometer (MS).

EI-MS spectra were obtained from Finnigan Mat GCQ mass
spectrometer.

Accurate mass was obtained from the time of flight (TOF) technique,

using a Micro TOF, Bruker daltoincs by APCI ionization mode or ESI mode.
3.2.3 Fourier transform infrared spectrophotometer (FT-IR).

FT-IR spetra were recorded on a Perkin Elmer Spectrum One

spectrophotometer.
3.2.4 Ultraviolet-visible spectrometer (UV-vis).

UV-vis spectra were recorded on a Shimadzu UV-vis 2001s

spectrophotometer.
3.2.5 Optical rotation.

Optical rotations were recorded with a sodium D line, using a JASCO

DPI-370 digital polarimeter.
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3.2.6 Melting point

Melting points were recorded on a Buichi 535.

3.3 Chemicals.

3.3.1 Solvents.

All solvents used in this research such as methanol, dichloromethane,
ethyl acetate, and hexane were commercial grade and purified prior to use by

distillation.
3.3.2 Other chemicals.
3.3.2.1 Sephadex LH-20 (No. 17-009-01)

3.3.2.2 Merck’s silica gel 60 Art. 1.07734.1000 (70-230 mesh ASTM)

was used as adsorbent for column chromatography.

3.3.2.3 Merck’s TLC aluminium sheet, silica gel 60F 254 precoated 25

sheets, 20x20 cm, layer 0.2 mm was used for thin layer chromatography.
3.4 Extraction and Separation.

3.4.1 Extraction.

Dried roots (5.6 kg) of C. oblongifolius was extracted sequentially with
dichloromethane (2x15 liters) and -methanol (2x15 liters) at room temperature for 2
days. The solution was filtered and evaporated under reduced pressure to obtain
dichloromethane crude extract (198.2 g) and methanol crude extract (144.1 g),
respectively. Yields ‘and appearance of crude extracts obtained from the roots of
C. oblongifolius are shown in Table 3, and the extraction processes are shown in

Scheme 5.
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Table 3: The crude extracts of C. oblongifolius roots.

Solvent Appearance Weight (g) %Yield

(wt/wt of dried roots)

Dichloromethane | Yellowish green oil 198.2 3.54

Methanol Dark brown oil 144.1 2.57

Dried roots of C. oblongifolius (5.6 kg)

Extracted with
Dichloromethane
(51, 2 days)
Dichloromethane crude extract Residue
(198.2 g, 3.54 % wt/wt) )
Extracted with
Methanol (5I, 2 days)
Methanol crude extract Residue

(144.1 g, 2.57 % wt/w)

Scheme 5: The extraction procedure of the roots of C. oblongifolius.

3.4.2 Separation of crude extracts of C. oblongifolius.

The dichloromethane crude extract (30.0 g) was divided into two parts, solids
(10.0 g) and gummy residues (20.0 g). The solids was re-crystallized from
dichloromethane : methanol (ratio ca 1:2) to give compound 1 (2.2 g) and compound
2 (6.1 g), respectively. The gummy residues was separated by Sephadex LH-20

column chromatography, eluted with 100% methanol (approximately 50 ml per
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fraction), to provide 8 fractions. Each fraction was analyzed by TLC and ‘H NMR
spectrum. Fraction 3 was separated by Sephadex LH-20 eluted with methanol again to
give compound 3 (1.2 g). Fraction 5 was separated by silica gel and eluted by a
gradient mixture of n-hexane and EtOAc to EtOAc (100%), providing compound 4
(36 mg), compound 5 (62 mg), compound 6 (41 mg), compound 7 (10 mg), and
compound 8 (20 mg); compound 8 was obtained with crystallization from
methanol/dichloromethane. Fractions 6 and 8 were separated by Sephadex LH-20
column eluted with methanol to give compound 2 (2.4 g) and compound 9 (1.1 g),

respectively.

The isolation of the dichloromethane crude extract of C. oblongifolius is

briefly summarized in Scheme 6.

Dichloromethane crude extract

(30.0 g)
I I
Solids Gummy residues
(10.0g) (20.09)
Crystallization from ‘ Sephadex LH-20
Methanol/dichloromethane
v | | |
Compound 1 Residue Fraction 3 Fraction 6
229 iSephadex LH-20 lSephadex LH-20
Crystallization from Compound 3 Compound 2
Methanol/dichloromethang| (1.2 9) (2.4 9)
Fraction 5 Fraction 8
Compound 2
(6.19) CC (hexane, EtOAc) Sephadex LH-20
v
Compound 9
119)
I I I
5% EtOAC 15% EtOAc 20% EtOAC
In hexane In hexane In hexane
l i Crystallization from
Compound 4 Compound 6 -
(0.036 g) (0.041 g) Methanol/dichloromethane
10% EtOAc 18% EtOAC
In hexane In Hexane
Compound 8
l l (0.010 g)
Compound 5 Compound 7
(0.062 g) (0.020 g)

Scheme 6: The isolation procedure of a dichloromethane crude extract.
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3.5 Physio-chemical properties of the isolated compounds from

C. oblongifolius.

3.5.1 Physio-chemical properties of compound 1.

Compound 1 was obtained as a white needle crystal (2.2 g, 39.3x10™ %wt/wt);
m.p. 197 °C; [a]o®® +100° (c=0.53, CHCl3); APCITOF MS m/z [M+H]* 329.1384
(calcd 329.1386 for C19H2105); UV (MeOH) A max (log €) 221.5 (3.46).

EIMS m/z (%relative intensity) (Figure 10) : 328 [M*] (30), 310 (64), 282
(56), 237 (100), 197 (59), 129 (61), 91 (49)

FT-IR spectrum (KBr) (Figure 11, Table 5) vma cm™ : 3142, 2922, 2853,
1771, 1736, 1638, 1454, 1155, 873

'H-NMR spectrum (CDCls, 400 MHz) (Figure 12, Table 6) & ppm : 1.47 (1H,
td, J=13.5, 13.5, and 3.9 Hz), 1.67 (1H, m), 1.69 (1H, m), 1.81 (1H, m), 1.81 (1H, m),
2.05 (1H, dt, J= 13.3, 3.8, and 3.8 Hz), 2.11 (1H, m), 2.19 (1H, m), 2.29 (1H, dt,
J=13.7, 3.8, and 3.8 Hz), 2.34 (1H, ddd, J=12.0, 6.0 and 2.0 Hz), 2.47 (1H, dd, J=14.3
and 8.6 Hz), 2.86 (1H, dd, J=14.2 and 7.0 Hz), 3.67 (1H, td, J=14.0 and 0.8 Hz), 4.67
(1H, t, J=4.9 Hz), 5.03 (1H, d, J=1.4 Hz), 5.46 (1H, dd, J=7.1 and 8.5 Hz), 6.33 (1H,
t, J=1.5Hz), 7.43 (1H, d, J=1.5 Hz), 7.43 (1H, d, J=1.5 Hz), 4.82 (1H, s)

3C-NMR spectrum (CDCls, 100 MHz) (Figure 14, Table 6) & ppm : 22.4 (t),
28.6 (t), 29.1 (t), 32.4 (t), 40.5 (t), 44.5 (s), 46.9 (1), 51.5 (d), 52.6 (s), 71.0 (d), 73.8
(d), 107.9 (d), 110.9 (d), 125.6 (s), 139.5 (d), 144.1(t), 146.9 (s), 173.7 (s), 176.5 (5)

3.5.2 Physio-chemical properties of compound 2.

Compound 2 was obtained as a white crystal (8.5 g, 151.8x10™ %wt/wt);
m.p. 172 °C; [a]o® -106° (c=0.77, CHCIs); APCITOF MS m/z [M+H]* 373.1646
(calcd 373.1646 for C1H2506); UV (MeOH) A max (log €) 221 (3.94), 252 (3.74).

EIMS m/z (%relative intensity) (Figure 15) : 372 [M"] (56), 263 (34), 245
(76), 231 (73), 203 (36), 185 (60), 157 (58), 145 (100), 129 (44), 95 (65)
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FT-IR spectrum (KBr) (Figure 16, Table 7) vma cm™ : 3135, 2924, 1765,
1727,1672, 1276, 1177, 1173

'H-NMR spectrum (CDCls, 400 MHz) (Figure 17, Table 8) & ppm : 1.12 (1H,
ddd, J=11.2, 4.3, and 4.3 Hz), 1.38 (1H, ddt, J=5.8, 3.7, and 1.9 Hz), 1.67 (1H, m),
1.90 (1H, m), 2.00 (1H, m), 2.06 (1H, m), 2.25 (1H, m), 2.30 (1H, m), 2.75 (1H, d,
J=11.5 Hz), 2.86 (1H, d, J=17.8 Hz), 3.07 (1H, d, J=17.8 Hz), 3.24 (1H, dd, J=4.4
and 12.8 Hz), 3.62 (3H, s), 3.95 (1H, dd, J=2.0 and 8.1 Hz), 4.36 (1H, d, J=8.1 Hz),
6.75 (1H, dd, J=0.8 and 2.0 Hz), 6.76 (1H, dd, J=2.4 and 7.2 Hz), 7.45 (1H, t, J=1.8
Hz), 8.04 (1H, dd, J=1.3 and 1.3 Hz), 0.85 (3H, s)

B3C-NMR spectrum (CDCl3, 100 MHz) (Figure 18, Table 8) § ppm : 19.2 (q),
20.0 (), 22.0 (t), 27.2 (t), 33.2 (1), 39.5 (5), 45.1 (s), 46.4 (t), 46.6 (d), 48.6 (d), 51.3
(9), 71.3 (t), 108.5 (d), 128.5 (s), 136.2 (d), 137.7 (s), 144.2 (d), 147.0 (d), 174.0 (s),
169.0 (s), 193.6 (5)

3.5.3 Physio-chemical properties of compound 3.

Compound 3 was obtained as a colorless oil (1.2 g, 21.4x10™ %wt/wt);
[a]o? -29° (c=2.0, CHCI3); APCITOF MS m/z [M+H-H,0]" 273.2572 (calcd
273.2577 for CyoH350); UV (MeOH) X nax (log €) 239 (335)

EIMS m/z (%relative intensity) (Figure 19) :290 [M*] (5), 272 (12), 257 (5),
229 (3), 189 (40), 175 (27), 133 (42), 121 (96), 107 (94), 95 (72), 81 (57), 69 (15), 55
(28)

FT-IR spectrum (Figure 20, Table 9) vmax cm™ : 3000-3600, 2937, 1265, 862

'H-NMR spectrum (CDCls, 400 MHz) (Figure 21, Table 10) § ppm : 0.77 (3H,
d, J=6.8 Hz), 0.81 (3H, s), 1.06-1.10 (1H, m), 1.03-1.05 (1H, m), 1.20-1.30 (1H, m),
1.28-1.38 (1H, m), 1.33-1.40 (1H, m), 1.4-1.5 (1H, m), 1.55-1.63 (1H, m), 1.03 (3H,
s), 1.67 (3H, dd, J=2.1 and 3.6 Hz), 1.70 (3H, br s), 1.83-1.92 (2H, m), 1.90-2.00 (2H,
m), 2.00 (1H, m), 1.95-2.15 (2H, m), 4.15 (2H, d, J=6.9 Hz), 5.28 (1H, br s), 5.42
(1H, tg, J=1.1, 2.3, and 6.9 Hz)
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3C-NMR spectrum (CDCls, 100 MHz) (Figure 23, Table 10) § ppm : 15.9 (q),
165 (q), 17.2 (q), 17.7 (), 19.7 (q), 24.0 (t), 28.7 (1), 32.7 (t), 33.0 (), 36.4 (t), 36.8
(s), 37.3 (d), 37.7 (t), 40.0 (s), 44.6 (d), 59.4 (t), 122.8 (d),123.1 (d), 139.8 (s),
141.0 (s)

3.5.4 Physio-chemical properties of compound 4.

Compound 4 was obtained as a colorless oil (36 mg, 6.43x10° %wt/wt);
[a]o? -30° (c=1.0, CHCIl;); APCITOF MS m/z [M+H]" 219.1743 (calcd 219.1742 for
Ci5H230).

EIMS m/z (%relative intensity) (Figure 14) : 218 [M™] (54), 203 (23), 189
(54), 175 (47), 161 (49), 147 (39), 133 (34), 105 (26), 91 (34), 77 (13)

FT-IR spectrum (Figure 25, Table 11) vma cm™ : 2919, 1709, 1656, 1461,
1374, 802

'H-NMR spectrum (CDCls, 400 MHz) (Figure 26, Table 12) & ppm : 0.84 (3H,
d, J=6.4 Hz), 0.88 (3H, s), 1.01 (3H, s), 1.15 (1H, ddt, J=12.0, 7.1, and 14.1 Hz), 1.57
(1H, dt, J=14.0 and 6.7 Hz), 1.65 (1H, ddd, J=13.6, 8.3, and 1.4 Hz), 1.73 (1H, br
ddd, J=13.2, 6.7, and 3.8 Hz), 1.86 (1H, dt, J=13.5 and 9.7 Hz), 1.95 (1H, br ddt,
J=6.6, 3.3, and 13.6 Hz), 2.05 (1H, t, J=3.5 Hz), 2.07 (3H, br s), 2.17 (1H, dg, J=12.1
and 6.4 Hz), 2.44 (1H, br dd, J=18.2 and 10.1 Hz), 2.78 (1H, br dt, J=18.1 and 9.7
Hz)

3C-NMR spectrum (CDCls, 100 MHz) (Figure 28, Table 12) & ppm : 15.2 (q)
, 17.8 (q), 18.9 (1), 25.9 (1), 26.2 (t), 26.3 (), 28.0 (1), 34.6 (d), 41.4 (s), 43.4 (t), 63.0
(d), 63.6 (s), 139.6 (s), 148.5 (s), 207.0 (s)

3.5.5 Physio-chemical properties of compound 5.

Compound 5 was obtained as a colorless oil (62 mg, 11.07x10° %wt/wt);
[a]p?® +222° (c=0.35, CHCIl3); APCITOF MS m/z [M+H]" 375.2169 (calcd 375.2166
for CyoHz105); UV (MeOH) A max (log €) 221 (3.85).
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EIMS m/z (%relative intensity) (Figure 29) : 374 [M] (3), 299 (13), 283 (35),
255 (20), 219 (65), 187 (49), 159 (63), 145 (32), 131 (35), 119 (38), 105 (55), 91 (87),
79 (62), 67 (35)

FT-IR spectrum (Figure 30, Table 13) vmax cm™ : 3053, 2951, 2866, 1750,
1712, 1434, 1242, 1149, 733

'H-NMR spectrum (CDCls, 400 MHz) (Figure 31, Table 14) § ppm : 0.86 (3H,
s), 1.05 (1H, td, J=3.6 and 13.3 Hz), 1.23 (3H, s), 1.35 (1H, m), 1.37 (1H, m), 1.57
(1H, m), 1.61 (1H, m), 1.68 (1H, m), 1.70 (1H, m), 1.97 (1H, ddd, J=3.4, 13.9, and
13.9 Hz), 2.10 (1H, m), 2.13 (1H, m), 2.25 (1H, dt, J=19.8, 4.9, and 4.9 Hz), 2.35
(1H, dt, J=3.4 and 13.2 Hz), 2.45 (1H, td, J=3.6 and 13.3 Hz), 2.52 (1H, dd, J=3.6 and
12.9 Hz), 3.59 (3H, s), 3.63 (3H, s), 6.19 (1H, d, J=0.9 Hz), 6.57 (1H, t, J=4.3 Hz),
7.13 (1H, s), 7.26 (1H, t, J=1.6 Hz)

13C-NMR spectrum (CDCls, 100 MHz) (Figure 33, Table 14) § ppm : 17.1 (%),
18.3 (1), 19.88 (q), 20.8 (0), 21.5 (1), 26.9 (t), 34.8 (1), 37.2 (5), 38.7 (s), 40.8 (t), 46.4
(d), 49.0 (d), 51.1 (q), 51.2 (), 110.9 (d), 125.1 (s), 137.2 (d), 138.5 (d), 141.7 (s),
167.0 (s), 172.7 (d), 174.9 (s)

3.5.6 Physio-chemical properties of compound 6.

Compound 6 was obtained as a yellowish oil (41 mg, 7.32x10°® %wt/wt);
[a]o?® +90° (c=0.83, CHCls); APCITOF MS m/z [M+H]" 389.1959 (calcd 389.1962
for C2oH2906); UV (MeOH) X max (log €) 222 (3.85).

EIMS m/z (%relative intensity) (Figure 34) : 388 [M'] (5), 357 (22), 325 (7),
279 (16), 246 (92), 231 (100), 219 (13), 187 (30), 171 (24), 159 (34), 143 (25), 131
(9),91(12)

FT-IR spectrum (Figure 35, Table 15) vma cm™ : 3133, 2915, 1710, 1434,
1230, 1150, 735

'H-NMR spectrum (CDCls, 400 MHz) (Figure 36, Table 16) & ppm : 1.01 (3H,
s), 1.20 (1H, td, J=3.7, 13.6, and 13.6), 1.31 (3H, s), 1.53 (1H, m), 1.68 (1H, m), 1.97
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(2H, td, J=3.2, 13.3, and 13.3 Hz), 2.02 (1H, m), 2.08 (1H, m), 2.22 (1H, dt, J=4.9,
4.9, and 19.7 Hz), 2.40 (1H, dt, J=3.4, 3.4, and 13.2 Hz), 2.93 (1H, s), 3.19 (2H, dd,
J=3.9 and 13.0 Hz), 3.62 (3H, s), 3.67 (3H, s), 6.60 (1H, dd, J=2.8 and 4.5 Hz), 6.75
(1H, dd, J=0.6 and 1.8 Hz), 7.36 (1H, t, J=1.6 Hz), 8.06 (1H, s)

3C-NMR spectrum (CDCls, 100 MHz) (Figure 38, Table 16) & ppm : 18.3 (1),
19.5 (q), 20.6 (q), 20.6 (t), 21.5 (t), 34.2 (t), 37.4 (s), 40.2 (s), 46.1 (d), 47.6 (t), 49.0
(d), 51.1 (q), 51.1 (q), 108.7 (d), 129.2 (s), 137.6 (d), 141.1 (s), 144.1 (d), 147.1 (d),
167.0 (s), 175.0 (s), 194.2 (s)

3.5.7 Physio-chemical properties of compound 7.

Compound 7 was obtained as a colorless oil (20 mg, 3.57x10° %wt/wt);
[a]p?® +169° (c=0.47, CHCI3); APCITOF MS m/z [M+H]" 359.1853 (calcd 359.1858
for C21H2705).

EIMS m/z (%relative intensity) (Figure 42) : 358 [M™] (15), 341 (18), 301
(53), 264 (21), 246 (58), 214 (51), 204 (46), 186 (38), 159 (35), 145 (47), 131 (36),
117 (32), 105 (36), 91 (71), 81 (57), 77 (30), 67 (52)

FT-IR spectrum (Figure 43, Table 17) vmax cm™ : 3140, 2926, 2870, 1767,
1728, 1452, 1263, 1192, 872, 734

'"H-NMR spectrum (CDCls, 400 MHz) (Figure 44, Table 18) & ppm : 0.79 (3H,
s), 1.11 (1H, dg; J=3.7,12.2,12.2,12.2, and 12.2 Hz), 1.23 (1H, m), 1.57 (1H, m), 1.68
(1H, m), 1.75(1H, m), 1.79 (1H, m), 1.85 (1H, m), 2.03 (1H, dt, J=3.1,3.1, and 13.2
Hz), 2.11 (1H, m), 2.18 (1H, m), 2.20 (1H, m), 2.43 (1H, m), 2.63 (1H, td, J=4.2,
13.4,and 13.4 Hz), 2.73 (1H, dd, J=4.0-and 13.5 Hz), 3.70 (3H, s), 3.95 (1H, dd, J=2
and 8.1 Hz), 4.40 (1H, d, J=8.2 Hz), 6.27 (1H, s), 6.79 (1H, dd, J=2 and 7.4 Hz), 7.23
(1H, s), 7.37 (1H, t, J=1.6 Hz)

3C-NMR spectrum (CDCls, 100 MHz) (Figure 46, Table 18) & ppm : 18.3 (%),
19.2 (t), 19.3 (q), 22.0 (t), 27.4 (t), 33.4 (t), 38.8 (s), 39.8 (1), 45.2 (s), 47.7 (d), 48.8
(d), 51.4 (q), 71.9 (1), 110.9 (d), 124.5 (s), 135.9 (d), 137.8 (s), 138.0 (s), 138.5 (d),
142.9 (d), 168.9 (s)
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3.5.8 Physio-chemical properties of compound 8.

Compound 8 was obtained as a white solid (10 mg, 1.78x10° %wt/wt);
[a]p?® -45 (c=0.10, CHCIl3); APCITOF MS m/z [M+H]* 375.1804 (calcd 375.1802 for
C21H270¢).

EIMS m/z (Y%relative intensity) (Figure 50) : 374 [M™] (5), 358 (8), 328 (19),
269 (9), 235 (12), 219 (14), 187 (10), 159 (16), 145 (28), 131 (17), 117 (17), 105 (18),
91 (25)

FT-IR spectrum (KBr) (Figure 51, Table 18) vma cm™ : 3133, 1914, 1739,
1436, 1276, 1160, 801, 775

'H-NMR spectrum (CDCl3, 400 MHz) (Figure 52, Table 20) & ppm : 0.95 (3H,
d, J=6.4 Hz), 1.35 (1H, m), 1.45 (1H, m), 1.58 (1H, m), 1.73 (1H, m), 1.73 (1H, m),
1.85 (1H, m), 1.95 (1H, m), 2.05 (1H, m), 2.15 (1H, J=7.3 Hz), 2.25 (1H, J=9.3 Hz),
2.30 (1H,m), 2.40 (1H, m), 2.85 (1H, dd, J=0.9 and 5.7 Hz), 3.71 (3H, s), 4.51 (1H,
brt, J=4.9 Hz), 5.14 (1H, d, J=1.1 Hz), 5.28 (1H, s), 5.33 (1H, dd, J=7.4 and 9.0 Hz),
6.39 (1H, br d, J=0.9 Hz), 7.38 (1H, br t, J=1.7 Hz), 7.40 (1H, br s),

3C-NMR spectrum (CDCls, 100 MHz) (Figure 54, Table 20) § ppm : 16.8 (q),
20.1 (t), 26.4 (t), 30.4 (t), 31.4 (1), 37.4 (d), 38.5 (t), 38.8 (d), 44.2 (s), 50.2 (s), 51.6
(q), 54.0 (d), 75.7 (1), 74.9 (d), 100.6 (d), 104.3 (d), 108.6 (d), 127.1 (s), 139.3 (d),
143.4 (d), 170.2 (5)

3.5.9 Physio-chemical properties of compound 9.

Compound 9 was obtained as a white solid (1.1 g, 1.96x10* %ewt/wt); [a]o> -
114 (¢=0.5, CHCI3); APCITOF MS m/z [M+H]" 317.2111 (calcd 317.2116 for
C21H2705); uv (MGOH) A max (Iog 8) 221 (397)

EIMS m/z (Y%relative intensity) (Figure 55) : 316 [M'] (10), 299 (21), 283
(29), 221 (61), 203 (100), 175 (26), 137 (15), 125 (66), 95 (35), 81 (68)

FT-IR spectrum (KBr) (Figure 56, Table 19) vma cm™ : 2921, 1678, 1453,
1383, 1263, 1159, 1023, 872, 737
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'H-NMR spectrum (CDCls, 400 MHz) (Figure 57, Table 22) § ppm : 0.71 (3H,
s), 0.77 (3H, d, J=6.5 Hz), 1.1 (1H, td, J=5.2, 12.9 and 12.9 Hz), 1.19 (3H, s), 1.33
(1H, m), 1.37 (1H, m), 1.47 (1H, m), 1.47 (1H, m), 1.52 (1H, m), 1.54 (1H, m), 1.57
(1H, m), 1.63 (1H, m), 2.13 (1H, m), 2.13 (1H, m), 2.23 (1H, m), 2.25 (1H, m), 2.37
(1H, dt, J=3.2, 3.2, and 13.0 Hz), 6.19 (1H, dd, J=0.8 and 1.7 Hz), 6.79 (1H, dd, J=3.0
and 4.4 Hz), 7.14 (1H, br s), 7.28 (1H, t, J=1.7 Hz)

3C-NMR spectrum (CDCls, 100 MHz) (Figure 59, Table 20) § ppm : 15.9 (q),
17.4 (1), 18.1 (), 18.2 (q), 20.5 (q), 27.2 (1), 27.5 (1), 35.8 (%), 36.2 (d), 37.5 (5), 38.6
(t), 38.8 (s), 46.6 (d), 111.0 (d), 125.5 (s), 138.4 (d), 140.3(d), 141.4 (s), 142.7 (d),
1725 (s)

3.6 Derivatization of compound 3.

3.6.1 Esterification of compound 3 with 3,5-dinitrobenzoyl chloride
yielded the ester 3a as shown below.

NO

NO
3,5-dinitrobenzoyl chloride

CH ClI
2 2

3a

Compound 3 (60 mg) was treated with  3,5-dinitrobenzoyl chloride in
dichloromethane and stirred at room temperature for 4 hours. The reaction mixture
was washed with water 5-6 times. The dichloromethane layer was evaporated to
obtain a crude product, which was purified by silica gel column chromatography
eluted with 20% EtOAc in hexane to obtain compound 3a (20 mg, 33% vyield).

Compound 3a was a yellowish oil APCITOF MS m/z [M+H]" 485.2872 (calcd
485.2876 for C27H3705N2).
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EIMS m/z (%relative intensity) (Figure 60) : 484 [M'] (2), 257 (14), 190
(100), 175 (30), 161 (17), 147 (19), 121 (29), 107 (44), 91 (35), 79 (29)

'H-NMR spectrum (CDCls, 400 MHz) (Figure 62) & ppm : 0.79 (3H, d, J=6.8
Hz), 0.83 (3H, s), 1.00-1.10 (H, m), 1.01-1.04 (H, m), 1.04 (3H, s), 1.20-1.30 (H, m),
1.30-1.40 (H, m), 1.33-1.39 (H, m), 1.40-1.48 (H, m), 1.55-1.65 (H, m), 1.68 (3H, br
d, J=1.5 Hz), 1.83 (3H, d, J=1.0 Hz), 1.90-2.00 (H, m), 1.93-2.05 (H, m), 1.95-2.05
(H, m), 1.97-2.05 (H, m), 4.70 (H, d, J=7.3 Hz), 5.27 (H, br s), 5.50 (H, dt, J=1.2 and
7.3 Hz), 9.18 (2H), 9.22 (H, t, J=2.5 Hz)

3C-NMR spectrum (CDCls, 100 MHz) (Figure 64) & ppm : 15.9 (q), 16.9 (q),
17.2 (q), 17.7 (1), 19.7 (q), 24.0 (1), 28.7 (t), 32.8 (t), 33.0 (q), 36.1 (t), 36.8 (s), 37.3
(d), 37.7 (t), 40.1 (s), 44.6 (d), 63.7 (1), 116.5 (d), 122.2 (d), 123.1 (d), 129.2 (s), 129.4
(d), 129.4 (d), 134.2 (s), 139.8 (s), 145.7 (S), 148.6 (s), 162 (s)

3.6.2 Oxidation of compound 3 with piridinium dichromate (PDC)
afforded compound 3b and 3c as shown below.

PDC

CH ClI
2 2

E-form Z-form
Compound 3b Compound 3c

Compound. 3 was treated with PDC (peridinium  dichromate) in
dichloromethane and stirred at room temperature for 4 hours. The solution was
filtered with celite and evaporated to obtain a crude product. The crude product was
purified by silica gel column chromatography eluted with 20% EtOAc in hexane to
obtain compound 3b (5 mg, 10% yield) and compound 3c (5 mg, 10% yield)
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Compound 3b was a yellowish oil APCITOF MS m/z [M+H]" 289.2526 (calcd
289.2526 for ConggO).

EIMS m/z (%relative intensity) (Figure 60) : 288 [M*] (8), 277 (100), 243
(93), 205 (27), 189 (54), 161 (29), 145 (31), 135 (40), 121 (61), 107 (59), 91 (74), 79
(50), 67 (38)

'H-NMR spectrum (CDCls, 400 MHz) (Figure 66) & ppm : 0.77 (3H, d, J=6.8
Hz), 0.84 (3H, s), 1.05 (3H, s), 1.10-1.12 (H, m), 1.20-1.30 (2H, m), 1.30-1.40 (H, m),
1.40-1.48 (H, m), 1.60-1.70 (2H, m), 1.68 (3H, m), 1.70-1.80 (H, m), 1.95-2.10 (H,
m), 1.97-2.05 (H, m), 2.00-2.13 (2H, m), 2.03-2.10 (2H, m), 2.20 (3H, d, J=1.2 Hz),
5.3 (H, brs), 5.9 (H, qd, J=1.1, 2.2, and 8.1 Hz)

3C-NMR spectrum (CDCl3, 100 MHz) (Figure 68) & ppm : 15.9 (q), 17.1 (q),
17.7 (t), 17.8 (q), 19.7 (), 23.9 (t), 28.6 (t), 33.0 (), 34.2 (1), 35.7 (t), 36.8 (s), 37.3
(d), 37.7 (t), 40.2 (s), 44.6 (d), 127.1 (d), 123.1 (d), 139.7 (s), 165.6 (s), 191.3 (5)

Compound 3c was a yellowish oil APCITOF MS m/z [M+H]" 289.2528 (calcd
289.2526 for C20H330).

EIMS m/z (%relative intensity) (Figure 69) : 288 [M'] (8), 277 (42), 243 (35),
205 (67), 189 (100), 161 (57), 145 (38), 135 (67), 121 (76), 107 (39), 91 (71), 79 (57),
67 (44)

'H-NMR spectrum (CDCls, 400 MHz) (Figure 70) & ppm : 0.81 (3H, d, J=6.8
Hz), 0.84 (3H,s),1.02-1.10 (H, m), 1.05 (3H, s), 1.20-1.30 (H, m), 1.35-1.40 (H, m),
1.40 (H, m), 1.40 (H, m), 1.64-1.74 (H, m), 1.68 (3H, m), 1.75-1.78 (H, m), 1.98-2.00
(3H, d, J=1.3 Hz), 2.00-2.12.(H, m), 2.05 (2H, m), 2.06 (H, m), 2.40-2.50 (H, dg,
J=5.3 and 12.3 Hz), 5.28 (H, m), 5.85 (H, dd, J=1.0 and 8.2 Hz)

3C-NMR spectrum (CDCls, 100 MHz) (Figure 72) & ppm : 15.9 (q), 17.6 (t),
17.8 (q), 19.7 (q), 23.9 (t), 25.4 (q)), 26.4 (t), 28.6 (t), 33.0 (q), 36.0 (5), 37.5 (t), 37.6
(), 37.4 (d), 40.6 (), 44.7 (d), 123.1 (d), 127.1 (d), 139.6 (s), 166.2 (5), 190.6 (5)
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3.7 Cytotoxic assay

Cytotoxic assay was performed using the colorimetric method as previously
described. Briefly, cell lines suspended in RPMI 1640 containing 10% FBS were
seeded at 1x10* cells (100pl) per well in 96-well plate, and incubated in humidified
atmosphere, 95% air and 5% CO, at 37 °C. After 24 h, additional medium (100pl)
containing the test compound and vehicle was added to a final concentration of 50
pg/ml, 0.2% DMSO, and future incubated for 3 days. Cell were subsequently fixed
with 95% EtOH, stained with crystal violet solution, and lysed with a solution of 0.1
N HCI in MeOH, after which absorbance was measured at 550 nm. The number of
surviving cells was determined from the absorbance. Results were expressed as
percent survival compared with contral. Epothoside was used as the reference
compound [55].



CHAPTER IV

RESULTS AND DISCUSSION

The dichloromethane crude extract of the roots of C. oblongifolius was

separated by chromatographic techniques to obtain seven compounds as shown in

Table 4.

Table 4: Compounds isolated from the dichloromethane crude extract of the roots of

C. oblongifolius by chromatographic techniques.

Compounds Physical appearance Weight (g)
1 White solid 2.20
2 White solid 8.50
3 Colorless oil 1.20
4 Colorless ail 0.036
5 Colorless oil 0.062
6 Colorless oil 0.041
7 Yellowish oil 0.020
8 White solid 0.010
9 White solid 1.10
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4.1 Structure elucidation of the compounds isolated from the roots of

C. oblongifolius.

4.1.1 Structure elucidation of compound 1.

The IR spectrum of compound 1 is shown in Figure 11 and the absorption

peaks were assigned as displayed in Table 5.

Table 5: Assignments of the IR absorption bands of compound 1.

Wave number (cm™) | Intensity Tentative assignment
3142 Weak C-H stretching vibration of
5-ring-heteroaromatic
2922, 2853 Strong C-H stretching vibration of -CHj3, -CH>
1771, 1736 Strong C=0 stretching vibration of carbonyl group
1638 Weak C=CHj, stretching vibration of alkene
1454 Medium | C-H bending vibration of -CHs, -CH,
1155 Medium | C-O stretching vibration of ester
873 Medium | C=CH out of plane vibration

The *H NMR spectrum of compound 1 (Figure 12, Table 6) indicated that it
possessed three olefinic protons of a furanoid group at 6.33 (1H, t, J=1.5 Hz) and 7.43
(2H, d, J=1.5 Hz) ppm, two vinylic protons at 5.03 (1H, d, J=1.4 Hz) and 4.82 (1H, s,
4.82) ppm, two downfield triplets at 4.67 and 5.46 (deshielded by ester linkage), and a
number of methine and methylene protons resonanced at 1.4-2.8 ppm.

The *C NMR spectrum (Figure 14, Table 6) and DEPT experiments of
compound 1 revealed the presence of 19 carbons; of which 11 carbons are sp® (six
methylene carbons at 22.4, 28.6, 29.1, 32.4, 40.5, and 46.9 ppm; three methine
carbons at 51.5, 71.0, and 73.8 ppm; and two quaternary carbons at 44.5 and 52.6
ppm) and 8 carbons are sp® (one methylene carbon at 110.9 ppm; three methine
carbons at 107.9, 139.5, and 144.1 ppm; and four quaternary carbons at 125.6, 146.9,
173.7, and 176.5 ppm) hybridized carbons, together with carbonyl carbons of ester.

The molecular formula of compound 1 was established as Ci9H»005 by the
APCITOF MS, showing the peak at m/z 329.1384 (calcd for [CioH200s+H]",
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329.1386). It therefore contains a degree of unsaturated of 10, thus consisting of one
ring of furanoid (DBE=3), in addition to one double bond, two carbonyl groups and
three ring closers.

The coupling correlations of compound 1 were observed from the ‘H-'H
COSY spectrum. A methylene proton (H-1, &4 1.80 and 2.10 ppm) splitted into
multiplet resulting from coupling to a methine proton (H-10, 64 1.80 ppm) and
methylene proton (H-2, 6y 1.70 and 2.20 ppm); an oxygenated methine proton (H-3,
o 4.67 ppm) showed correlations to a methylene (H-2) and methylene (H-4, 6y 1.67
and 2.35 ppm); a methylene proton (H-6, 84 1.47 and 2.05 ppm) revealed correlations
with methylene proton (H-7, 6 2.27 and 3.67 ppm); an oxygenated methine proton
(H-12, 84 5.45 ppm) illustrated correlations to methylene proton (H-11, 64 2.47 and
2.85 ppm); and a methine proton (H-16, &4 7.40 ppm) showed allylic correlations to
methine proton (H-14, &4 6.35 ppm) and methine proton (H-15, &4 7.40 ppm). In
addition, the HMBC spectra confirmed the structure of compound 1, showing
correlations of H-10, H-4, and H-6 to C-5 (6¢ 44.5 ppm) and C-19 (8¢ 176.5 ppm); H-
7 to C-8 (d¢c 146.9 ppm) and C-17 (6¢ 110.9 ppm); H-17 to C-6 (8¢ 32.4 ppm), C-9
(8¢ 52.6 ppm), and C-20 (8¢ 173.7 ppm); H-11 to C-9, C-20, C12 (d¢ 70.1 ppm), and
C-13 (8¢ 125.6 ppm); and H-14 and H-16 to C-12.

-HMBC
-Bold lines are from the "H-"H

COSY correlations.

Figure 3: HMBC and *H-'H COSY correlations of compound 1
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The relative configuration was established by analyses of the NOESY
spectrum, showing the correlations of Heg-7 to Hp-17; Ha-17 to H-11; and H-12 to
H-11. The configuration at the C-10 was also confirmed by cross peaks between H-10

to Hax-4. The relative configurations of compound 1 are shown below.

A literature search revealed that compound 1 is a known compound, levatin,
which is norclerodan diterpene group. Levatin was previously isolated from the trunk
bark of Croton levatii [48], however, its biological activity has not been investigated
todate.

The *H and **C spectral data of levatin [48] and compound 1 are shown in
Table 6.



Table 6: The *H and *3C spectral data of levatin and compound 1.
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Levatin [48] Compound 1
Position O¢ oy multiplicity, J in Hz O¢ dn multiplicity, J in Hz
1 2248 1.73,m, 118, 3 22.4 1.81, m
212, m, 11.8 211, m
2 28.62 171, m, 10.5 28.6 1.69, m
2.17,m, 10.5, 4.2, 2.14 2.19, m
3 74.00  4.64,dd, 6,42, 4 73.8 4.67,1,4.9
4 46.93  1.67,m, 11.7, 4 46.9 1.67, m
2.31, ddd, 11.7, 6,2 2.34,ddd, J=12, 6, 2
5 4460 - 44,5 -
6 3250  1.45,1td, 135, 13.5, 3.8 32.4 1.47,1d, 13.5, 13.5, 3.9
2.03,dt, 135, 3.8, 3.8 2.05, dt, 13.3, 3.8, 3.8
7 29.23  2.26,dt,13.7, 3.8, 3.8 29.1 2.29,dt, 13.7, 3.8, 3.8
3.65, ddd, 13.7, 13.5, 3.8, 0.8 3.67,dt, 14.0,0.8
8 146.93 - 1469 -
9 52.76 - 52.6 -
10 51.53 1.79,m 51.5 1.81, m
11 40.62  2.47,dd, 14.3,8.6 40.5 2.47,dd, 14.3, 8.6
2.48,dd, 14.3,7.1 2.86,dd, 14.2, 7.0
12 7111  5.44,dd, J=7.1,8.6 71.0 5.46,dd, 7.1, 8.5
13 125.66 - 1256 -
14 107.97 6.35,1,1.6 107.9 -~ 6.33,t,1.5
15 139.65 - 7.41,d,1.6 139.5 7.43,d,15
16 14417 7.41,d,1.6 1441 7.43,d,15
17 111.00  4.80, bs 1109  4.82s
5.01,d, 1.6 5.03,d,1.4
19 173.88 - 1737 . -
20 176.75 - 1765 -




37

4.1.2 Structure elucidation of compound 2.

The IR spectrum of compound 2 is shown in Figure 16 and the absorption
peaks were assigned as shown in Table 7.

Table 7: Assignments of the IR absorption bands of compound 2.

Wave number (cm™) | Intensity Vibration
3135 Weak | C-H stretching vibration of
5-ring-heteroaromatic
2924 Strong | C-H stretching vibration of -CHg, -CH,
1765, 1727 Strong | C=0 stretching vibration of carbonyl group
1672 Strong | C=CH stretching vibration of alkene
1276 Medium | C-H bending vibration of -CHs, -CH,
1177, 1173 Medium | C-O stretching vibration of ester
872 Medium | C=CH out of plane vibration

The *H NMR spectrum of compound 2 (Figure 17, Table 8) indicated that it
possessed three olefinic protons of a furanoid group at 6.75 (1H, dd, J=0.8 and 2.0
Hz), 7.45 (1H, t, J=1.8 Hz), and 8.04 (1H, dd, J=1.3 and 1.3 Hz) ppm, one vinylic
proton at 6.76 (1H, dd, J=2.4 and 7.2 Hz) ppm, one methyl group at 0.85 (1H, s), one
methoxy group at 3.62 (3H, s) ppm, and a number of methine and methylene protons
resonanced at 1.0-2.4 ppm.

The **C NMR (Figure 18, Table 8) and DEPT spectral data of compound 2
revealed the presence of 21 carbons, of which 12 carbons are sp® (two methyl carbons
at 19.2 and 51.3 ppm; six methylene carbons at 20.0, 22.1, 27.3, 33.2, 46.6, and 71.4
ppm; two methine carbons at 20.0 and 48.6 ppm; and two quaternary carbons at 39.6
and 45.1 ppm), and 9 carbons are sp* (four methine carbons at 108.5, 136.2, 144.2,
and 147.0 ppm and five quaternary carbons at 128.5, 137.7, 169.0, 174.0, and 193.6
ppm) hybridized carbons, together with ketone and carbonyl carbons of ester.

The APCITOF MS indicated the molecular formula of compound 2 as
C1H2406. Analyses of the *H-'H COSY spectrum data showed correlations of a
methylene proton (H-1, 6y 1.12 and 1.67 ppm) to methine proton (H-10, &4 2.75 ppm)
and methylene proton (H-2, 64 2.25 and 2.30 ppm); a methylene proton (H-2) to
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methine proton (H-3, 6y 6.76 ppm); a methylene proton (H-7, 64 1.90 and 2.06 ppm)
to methylene proton (H-6, o4 1.38 and 2.00 ppm) and methine proton (H-8, 64 3.24
ppm); and a methine proton (H-14, 6y 6.75 ppm) to methine proton (H-15, oy 7.45
ppm) and methine proton (H-16, &4 8.04 ppm). The information observed from
HMBC spectrum illustrated correlations of H-3 to C-5 (¢ 45.1 ppm), C-18 (6¢ 169.0
ppm), C-2 (6¢c 27.3 ppm), and C-1 (6¢ 20.0 ppm); H-6 to C-19 (6¢c 71.4 ppm), C-5,
and C-7 (¢ 22.1 ppm); H-8 to C-17 (6¢ 174.0 ppm), C-9 (¢ 39.6 ppm), and C-20
(6¢c 19.2 ppm); H-10 to C-8 (6¢ 48.6 ppm) ; H-11 to C-12, C-9, C-10 (8¢ 46.6 ppm),
and C-20 (6¢ 19.2 ppm); H-20 to C-9, C-12, and C-8; and H-14 to C-12, C-13
(6¢ 128.5 ppm), C-15 (d¢ 144.2 ppm), and C-16 (6¢ 147.0 ppm).

-Bold lines are from the "H-"H

COSY correlations.

Figure 4: HMBC and *H-'H COSY correlations of compound 2.
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The relative configuration was established as a trans relationship between
H-10 and H-19 methylene because the NOESY showed the correlations of H-20 to H-
19 and H-10 to H-8. The relative configurations of compound 2 are shown below.

Based upon these spectroscopic data, the structure of compound 2 was
secured. Compound 2 was a known diterpene, namely nasimalun A, previously
isolated from the roots of Barringtonia racemosa [49] and the stem barks of
C. oblongifolius [35,44]. Comparision of *H and **C NMR data of nasimalun A and

compound 2 is shown in Table 8. Nasimalun A exhibited antibacterial activity [54].
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Table 8: The *H and *3C spectral data of nasimalun A and compound 2.

Nasimalun A [49]

Compound 2

position d¢ oy multiplicity, J in Hz dc dn multiplicity, J in Hz

1 20.1  1.09, dddd, 11.0, 11.0 11.0, 4.0 20.0 1.12, ddd, 11.2, 4.3, 4.3
1.64, dddd, 11.0, 2.0, 2.0, 2.0 1.67, m

2 273 222,m 27.3 2.25, m
2.28, m 2.30, m

3 136.2  6.74,dd, 8.0, 2.0 136.2  6.76,dd,2.4,7.2

4 137.8 - 137.7 -

5 451 - 45.1 -

6 33.2  1.36,dddd, 13.5, 13.5,4.5,2.0 33.2 1.38, ddt, 5.8,3.7, 1.9
1.98, ddd, 13.5, 4.5, 3.0 2.00, m

7 22.1  1.87,dddd, 13.5, 4.5, 4.5, 3.0 22.1 1.90, m
2.03, dddd, 13.5, 13.5, 13.5, 4.5 2.06, m

8 48.7  3.21,dd, 185,45 48.6 3.24,dd, 4.4,12.8

9 396 - 39.6 -

10 46.7  2.73,dd, 11.0, 2.0 46.6 2.75,d,11.5

11 465  2.83,d,18.0 46.4 2.86,d,17.8
3.04,d, 18.0 3.07,d,17.8

12 1936 - 1936 -

13 1286 - 1285 -

14 1085  6.37,d,2.0 1085  6.75,dd, 0.8, 2.0

15 1443 . 7.42,d,2.0 1442  7.45,1,1.8

16 147.1 - 8.01,s 1470  8.04,dd,1.3,1.3

17 1740 - 1740 -

18 169.0 - 169.0 -

19 714  3.93,dd, 8.0,2.0 71.4 3.95,dd, 2.0, 8.1
4.33.,d,8.0 4.36,d,8.1

20 19.2 = 0.82s 19.2 0.85,s

21 51.4  3.60,s 51.3 3.62,8
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4.1.3 Structure elucidation of compound 3.

The IR spectrum of compound 3 is shown in Figure 20 and the absorption
peaks are assigned in Table 9.

Table 9: Assignments of the IR absorption bands of compound 3.

Wave number (cm™) | Intensity Vibration
3000-3600 Medium | O-H stretching vibration of hydroxyl group
2937 Strong | C-H stretching vibration of -CHg, -CH,
1651, 1700 Strong | C=CH stretching vibration of alkene
862 Medium | C=CH out of plane vibration

The *H NMR spectrum of compound 3 (Figure 21, Table 10) revealed the
presence of five methyl groups at 0.77 (3H, d, J=6.8 Hz), 0.81 (3H, s), 1.03 (3H, s),
1.67 (3H, dd, J=2.1 and 3.6 Hz), and 1.70 (3H, br s) ppm, two olefinic protons at 5.28
(1H, br s) and 5.42 (1H, tg, J=1.1, 2.3, and 6.9 Hz) ppm, and a number of methine and
methylene proton resonanced at 0.7-2.2 ppm.

The °C NMR (Figure 23, Table 10) and DEPT spectral data of compound 3
revealed the presence of 20 carbons, including four signals of olefinic carbons at
122.8, 123.1, 139.8, and 141.1 ppm, five signals of methyl group at 15.9, 16.5, 17.2,
19.7, and 33.0 ppm, seven signals of methylene carbons at 17.7, 24.0, 28.8, 32.7, 36.5,
37.7, and 59.4 ppm, two signals of methine carbons at 37.3 and 44.6 ppm, and two
quaternary carbons at 36.9 and 36.9 ppm.

The molecular formula of CyH3,0 for compound 3 was deduced from the
APCITOF MS. Analyses of the *H-'"H COSY spectrum demonstrated correlations of
H-1 (64 1.90-2.00 ppm) to H-2 (64 1.95-2.15 ppm) and H-10 (64 1.33-1.40 ppm); H-2
to H-3(dy 5.28 ppm); H-7 (6 1.03-1.05 and 1.20-1.30 ppm) to H-6 (64 1.06-1.10 and
2.00 ppm) and H-8 (64 1.4-1.5 ppm); H-8 to H-17 (64 0.77 ppm); H-11 (6 1.28-1.38
and 1.55-1.63 ppm) to H-12 (64 1.83-1.92 ppm); and H-14 (64 5.42 ppm) to H-15
(6n 4.15 ppm), while the HMBC spectrum revealed correlations of H-10 to C-1
(6c 17.7 ppm) and C-2 (6¢c 24.0 ppm); H-18 to C-3 (6¢ 123.1 ppm), C-4 (6¢c 139.8
ppm), and C-5 (6¢ 36.8 ppm); H-19 to C-4, C-6 (6¢c 37.7 ppm), and C-10 (d¢c 44.6
ppm); H-17 to C-7 (6¢ 28.7 ppm) and C-9 (¢ 40.0 ppm); H-20 to C-10 and C-11
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(6c 36.4 ppm); H-14 to C-12 (6¢c 32.7 ppm), C-15 (d¢ 59.4 ppm), and C-16 (d¢c 16.5
ppm); and H-16 to C-12 and C-13 (¢ 141.0 ppm).

-HMBC
-Bold lines are from the "H-"H

COSY correlations.

Figure 5: HMBC and *H-'"H COSY correlations of compound 3.

The NOESY correlation between H-12 and H-14 indicated an E geometry of a
C-13/C-14 double bond in compound 3, while the correlation of H-10 and H-19
methyl suggested a cis relationship between the methyl and H-10. It should be noted
that clerodane diterpene normally adopts trans relationship between H-19 methyl and
H-10.

Based on the information of *H, *C NMR spectral data and literature data
comparision (Table 10), compound 3 was identified as 15-hydroxy-cis-ent-cleroda-3-
13(E)-diene, which was previously isolated from the liverwort Aldelanthus
lindenbergianus [50]. The biological activity of compound 3 has not been investigated

todate.
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Table 10: The *H and *3C spectral data of 15-hydroxy-cis-ent-cleroda-3,13(E)-diene

and compound 3.

15-Hydroxy-cis-ent-cleroda-3,13(E)-diene [50] Compound 3
position ¢ oy multiplicity, J in Hz ¢ oy multiplicity, J in Hz

1 17.7  1.70,n.r. 17.7 1.90-2.00, m
1.95, n.r. -

2 240  1.96,n.r. 24.0 1.95-2.15, m
211, n.r. -

3 1231 5.26,brs 1231 5.28,brs

4 139.8 - 1398 -

5 369 - 36.8 -

6 37.7  1.01,n.r. 37.7 1.06-1.10, m
2.01, n.r. 2.00, m

7 288  1.03,nr. 28.7 1.03-1.05, m
1.18, n.r. 1.20-1.30, m

8 373 143 nr 37.3 1.4-1.5,m

9 401 - 40.0 -

10 446  1.34,nur. 44.6 1.33-1.40, m

11 365  1.20,n.r. 36.4 1.28-1.38, m
1.55, n.r. 1.55-1.63, m

12 327  1.86,nr. 32.7 1.83-1.92, m

13 141.1 141.0 -

14 122.8 5.41,t,7.0 122.8°  5.42,brdt, 1.1,6.9

15 59.4 - 4.13,d,7.0 594 4.15,d,6.9

16 165  167,s 165 1.70, brs

17 159  0.76,d,6.6 15.9 0.77,d,6.8

18 19.7  166,s 19.7 1.67,dd, 2.1, 3.6

19 330 1.01,s 33.0 1.03,s

20 172~ 0.76,s 17.2 0.81,s

n.r. = not resolved due to overlapping of signals.
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4.1.4 Structure elucidation of compound 4.

The IR spectrum of compound 4 is shown in Figure 25 and the absorption
peaks are in Table 11.

Table 11: Assignments of the IR absorption bands of compound 4.

Wave number (cm™) Intensity Vibration
2924 Weak C-H stretching vibration of -CHs, -CH,
1709 Strong C=0 stretching vibration of carbonyl group
1657 Strong C=CH stretching vibration of alkene
1263 Medium C-H bending vibration of -CHs, -CH,
804 Medium C=C out of plane vibration

The *H NMR spectrum of compound 4 (Figure 26, Table 12) revealed the
presence of three methyl groups at 0.84 (3H, d, J=6.5 Hz), 0.88 (3H, s), and 1.01
(3H,s) one vinylic methyl group at 2.07 (3H, br s), and a number of methine and
methylene protons resonanced at 0.7-2.8 ppm.

The **C NMR (Figure 28, Table 12) and DEPT spectral of compound 4
revealed the presence of 15 carbons, including twelve sp® carbons (four methyl
carbons at 15.2, 17.8, 18.9, and 26.4; four methylene carbons at 25.9, 26.2, 28.0, and
43.4 ppm; two methine carbons at 34.6 and 63.0 ppm; and two quaternary carbons at
41.4 and 63.6 ppm), three sp” carbons (one methine carbon at 148.5 ppm and two
quaternary carbons at 139.6 and 207.0 ppm), and a carbonyl ketone.

The molecular formula of compound 4, CisH,,Q, was established by the
APCITOF MS showing the pseudomolecular ion peak at m/z 219.1743 (calcd for
[CisH20+H]", 219.1742). The *H-'H COSY spectrum of compound 4 established the
partial structure from H-2 (64 1.62 and 1.86 ppm) to H-3 (6y 2.44 and 2.78 ppm); H-8
(6w 1.73 and 1.95 ppm) to H-7 (64 2.05 ppm) and H-9 (64 1.15 and 1.57 ppm); and
H-9 to H-10 (o 2.16 ppm), while the HMBC spectrum revealed correlations of H-2
to C-1 (8¢ 63.7 ppm), C-10 (6¢c 34.6 ppm), and C-5 (6¢ 139.7 ppm); H-10 to C-15
(6¢c 17.8 ppm), C-11 (6¢c 41.0 ppm), C-8 (8¢ 25.9 ppm), and C-5; H-8 to C-11, C-7
(6¢ 63.0 ppm), and C-6 (6¢c 207.0 ppm); H-12 to C-13 (8¢ 26.4 ppm), C-11, C-1, and
C-7; H-14 to C-1 and C-9 (d¢ 28.0 ppm); and H-14 to C-4, C-5, C-3, and C-6.
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~

-HMBC
-Bold lines are from the "H-"H

COSY correlations.

Figure 6: HMBC and *H-'H COSY correlations of compound 4.

The relative configuration of compound 4 could be established by analyses of
the NOESY correlations, showing correlations from H-12 to H-8 and H-13 to H-2.

The relative configurations of compound 4 are shown below.

On the basis of these spectral evidence, as well as data comparison of
compound 4 with those in the literature (Table 12), compound 4 was identified as
patchoulenone, which was previously isolated from Cyperus rotundes. Patchoulenone

was found to be an antimalarial again [51].



Table 12: The *H and *3C spectral data of patchoulenone and compound 4.

Patchoulenone [51]

Compound 4

position dc oy multiplicity, J in Hz dc¢ oy multiplicity, J in Hz

1 63.7 - 63.6 -

2 26.2  1.64,ddd, 13.5,9.5, 1.4 26.2 1.65, ddd, 13.6, 8.3, 1.4
1.89, dt, 13.5, 9.5 1.86, m

3 435 2.4, brdd, 18.0,9.5 43.4 2.44, brdd, 18.2, 10.1
2.78, br dt, 18.0, 9.5 2.78, brdt, 18.1, 9.7

4 1485 - 1485 -

5 139.7 - 1396 -

6 207.3 - 2070 -

7 63.0  2.051t35 63.0 2.05,,3.5

8 259  1.73,ddd, 14.0,7.0,35 25.9 1.73, br ddd, 13.2, 6.7, 3.8
1.93, ddt, 6.5, 3.5, 14.0 1.95, br ddt, 13.6, 6.6, 3.3

9 28.1 1.5, ddt, 12.0, 7.0, 14.0 28.0 1.15, ddt, 12.0, 7.1, 14.1
1.57, dt, 14.0, 6.5 1.57, br dt, 14.0, 6.7

10 346  2.16,ddg, 12.0, 6.5, 6.5 34.6 2.16,dq, 12.0, 6.4

11 414 - 41.4 -

12 190 1.01s 18.9 1.01, s

13 264 088 s 26.3 0.88,s

14 152  2.07, qlike 15.2 2.07,brs

15 179 0.84,d,6.5 17.8 0.84,d, 6.4

46
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4.1.5 Structure elucidation of compound 5.

The IR spectrum of compound 5 is shown in Figure 30 and the absorption
peaks are listed in Table 13.

Table 13: Assignments of the IR absorption bands of compound 5.

Wave number (cm™) Intensity Vibration
3053 Weak C-H stretching vibration of
5-ring-heteroaromatic
2951, 2866 Strong C-H stretching vibration of -CHs, -CH,
1750, 1712 Strong C=0 stretching vibration of carbonyl group
1242 Medium C-H bending vibration of -CHs, -CH,
1198, 1149 Medium C-O stretching vibration of ester
872 Medium C=CH out of plane vibration

The *H NMR spectrum of compound 5 (Figure 31, Table 14) revealed the
presence of two methyl groups at 0.68 (3H, s) and 1.25 (3H, s) ppm, two methoxy
groups at 3.59 (3H, s) and 3.69 (3H, s) ppm, three olefinic protons of a furanoid group
at 6.19 (1H, d, J=0.9 Hz), 7.13 (1H, s), and 7.26 (1H, t, J=1.6 Hz) ppm, one vinylic
proton at 6.57 (1H, t, J=4.3 Hz) ppm, and a number of methine and methylene protons

resonanced at 0.7-2.6 ppm.

The *C NMR (Figure 33, Table 14) and DEPT spectral data of compound 5
revealed the presence of 22 lines. Six lines of olefinic carbons appeared at 111.0,
125.1, 137.2, 138.5, 141.7, and 142.7 ppm, while-two linesat 167.0 and 174.9 ppm
should be of the carbonyl ester. Two lines at 51.1 and 51.2 ppm were of the methoxy
carbons; two lines at 19.9 and 20.8 ppm were of the methyl group; six lines at 17.1,
18.3, 21.5, 26.9, 34.8, and 40.8 ppm were of the methylene carbons; two lines at 40.4
and 49.0 ppm were of the methine carbons; and two lines were quaternary carbons at
37.2 and 38.7 ppm.

The APCITOF MS indicated the molecular formula of compound 5 as
C2oH300s. The *H-'H COSY spectrum revealed correlations of H-1 (8 1.57 and 1.70
ppm) to H-10 (64 1.35 ppm) and H-2 (6 2.13 and 2.25 ppm); H-2 to H-3 (64 6.57
ppm); H-7 (o 1.61 and 1.97 ppm) to H-6 (64 1.05 and 2.35 ppm) and H-8 (& 2.52
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ppm); C-11 (64 1.37 and 1.68 ppm) to H-12 (64 2.10 and 2.45 ppm); and H-14
(6w 6.19 ppm)to H-15 (64 7.26 ppm) and H-16 (64 7.13 ppm). In addition, the HMBC
spectrum also confirmed the structural connectivity, showing correlations of H-10 to
C-2 (8¢ 26.9 ppm), C-5 (8¢ 37.2 ppm), and C-9 (8¢ 38.7 ppm); H-3 to C-4 (6¢ 111.0
ppm) and C-18 (8¢ 167.0 ppm); H-19 to C-4, C-6 (6¢c 34.8 ppm), and C-10 (¢ 46.4
ppm); H-7 to C-5 (¢ 37.2 ppm); H-8 to C-9 (&¢ 38.7 ppm) and C-17 (6¢c 174.9 ppm);
H-20 to C-9, C-8 (6¢ 49.0 ppm), and C-11 (6¢ 40.8 ppm); H-12 to C-13 (d¢ 125.1
ppm), C-14 (6¢ 111.0 ppm), and C-16 (6¢ 138.5 ppm); and H-14 to C-15 (6¢c 172.7
ppm) and C-16.

-HMBC
-Bold lines are from the 'H-"H

COSY correlations.

Figure 7: HMBC and *H-'H COSY correlations of compound 5.
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The relative configuration was established by analyses of the NOESY
spectrum, which also demonstrated the proximities of H-8 to H-10, and H-19 to H-20.
The relative configurations of compound 5 are shown below.

Based upon these spectroscopic data, the structure of compound 5 was
secured. Compound 5 was a known diterpene, namely nasimalun B, previously
isolated from the roots of Barringtonia racemosa [49]. Comparison of *H and **C
NMR data of nasimalun B and compound 5 is shown in Table 14. Nasimalun B
exhibited antibacteria activity [54].
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Table 14: The *H and **C spectral data of Nasimalun B and compound 5.

Nasimalun B [49] Compound 5
position dc oy multiplicity, J in Hz ¢ dn multiplicity, J in Hz
1 17.2  1.53,dddd, 13.5, 13.5, 13.5, 5.0 17.1 1.57, m
1.70, dddd, 13.5, 5.5, 5.0, 5.0 1.70, m
2 269 219, m 26.9 2.13,m
2.33,ddd, 20.0, 5.0, 5.0 2.25,dt, 19.8, 4.9, 4.9
3 137.2  6.65,dd, 5.0, 3.0 1372  6.57,1,4.3
4 1418 - 141.8 -
5 373 - 37.2 -
6 349  1.13,ddd, 13.5, 135, 4.0 34.8 1.05, td, 3.6, 13.3
2.44,ddd, 13.5, 3.0, 3.0 2.35, dt, 3.4, 13.2
7 216  1.66, m 215 1.61, m
2.05, dddd, 13.5, 13.5, 13.5, 3.0 1.97, ddd, 3.4, 13.9, 13.9
8 49.1 259, dd, 12.0,6.0 49.0 2.52,dd, 3.6, 12.9
9 387 - 38.7 -
10 46.4  1.43,dd,12.0,6.0 46.4 1.35,m
11 409 145 m 40.8 1.37, m
1.77, ddd, 18.0, 13.5, 5.0 1.68, m
12 181 221, m 18.3 2.10, m
2.53,ddd, 13.5, 13.5, 3.5 2.45, td, 3.6, 13.3
13 1251 - 1251 -
14 111.0 - 6.28,d,2.0 111.0  6.19,d,0.9
15 142.7- - 7.30,dd,2.0,.1.0 1427  7.26,1,1.6
16 1385 7.22,s 1385  7.13,s
17 1749 - 1749 -
18 1675 - 167.0 -
19 208 . 1.34,s 20.8 1.23,s
20 19.9 . 0.95,s 19.9 0.86, s
21 51.2  3.71,s 51.2 3.63,8
22 51.1 . 3.68,s 51.1 359,s
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4.1.6 Structure elucidation of compound 6.

The IR spectrum of compound 6 is shown in Figure 35 and the absorption
peaks are in Table 15.

Table 15: Assignments of the IR absorption bands of compound 6.

Wave number (cm™) Intensity Vibration

3133 Weak C-H stretching vibration of
5-ring-heteroaromatic
2951 Strong C-H stretching vibration of -CHs, -CH,
1710 Strong C=0 stretching vibration of carbonyl group
1230 Medium C-H bending vibration of -CHs, -CH,
1193, 1150 Medium C-O stretching vibration of ester

873 Medium C=CH out of plane vibration

The *H NMR and **C NMR spectra compound 6 (Figure 36 and 38, Table 16)
shows a great deal of similarity to that compound 5 except the replacement of a
methylene C-12 by a ketone in compound 6.

The molecular of compound 6 was established as C;,H230¢ by the APCITOF
MS, showing the peak at m/z 389.1959 (calcd for [CasH2s0s+H]", 389.1962). The *H
NMR spectrum showed the furan signals (64 6.75, dd, J=0.6 and 1.8 Hz, &4 7.36, t,
J=1.6 Hz, and 8y 8.06, s). The *H-'H COSY spectrum (Fig. 39) of compound 6
established the partial structure from H-14 to H-16, while the HMBC spectra (Fig. 40)
revealed correlations of H-15 to C-13, C-14, and C-15; and H-11 to C-12 and C-16.

X

-HMBC
-Bold lines are from the "H-"H

COSY correlations.

Partial structure A was elucidated by analyses of the 'H-'H COSY and HMBC

spectral data.
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Partial structure B was obtained by analyses of the *H-'H COSY and HMBC
spectral data. The *H-'H COSY spectrum allowed the assignment from H-10 to H-3
and H-6 to H-8. In addition, the HMBC showed correlations from H-3 to C-18 and C-
5; H-19 to C-5, C-6, and C-10; and H-8 to C-9, C-17, and C-20

|
2.08 168H Hiss [a%2a®a%al CHWM ,,nln,\ZO m
H -HMBC

-Bold lines are from the "H-"H

COSY correlations.
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Partial structure B was elucidated by analyses of the *H-'H COSY and HMBC
spectral data.

The connectivity of two substructures was established with the help of the
HMBC spectrum, showing correlation of H-10 and H-20 to C-11. The relative
configuration could be established by analyses of the NOESY spectrum (Fig. 41),
showing the correlations of H-8 to H-10 and H-19 to H-20.

The *H and *3C NMR spectral data of compound 6 are displayed in Table 16.



Table 16: The *H and **C spectral data of compound 6.

Compound 6
Position  &;  on multiplicity, J in Hz COSsYy HMBC

1 183 153, m H-10,H-2,H-1b  C-2,C10,C-5

1.68, m H-10,H-2,H-la  C-2, C-10, C-5,C-9
2 268 2.08,m H-1, H-3, H-2b C-1,C-3,C4

2.22,dt,4.9,4.9,19.7 H-1, H-3, H-2a C-1,C-3,C-4,C-10
3 137.6 6.60,dd, 2.8, 4.5 H-2 C-1,C-5,C-18
4 1411 -
5 374 -
6 342 1.20,td,3.7,13.6,13.6 H-7, H-6b C-5

2.40, dt, 3.4, 3.4, 13.2 H-7, H-6a C-5,C-8, C-10
7 215 1.97,1d,3.2,13.3,13.3 H-6, H-8 C-6
8 49.0 3.19,dd, 3.9, 13.0 H-7 C-7,C-9, C17
9 402 -
10 46.1 2.02,m H-11 C-1,C-2,C-6,C-9,C-11
11 476 2.93,s H-10 C-8, C-9, C-10, C-12
12 194.2 -
13 129.2 -
14 108.7 6.75,dd, 0.6, 1.8 H-15, H16 C-12, C-13, C-15,C-16
15 1441 7.36,t,16 H-14, H16 C-13,C-14,C-16
16 147.1 8.06,s H-14, H-15 C-13,C-14,C-15
17 1750 -
18 167.0 -
19 269 1.01,s C-4,C-6, C-10
20 195 1.31,s C-8, C-9, C-10, C-12
17 511 3.62,s C-17
18’ 51.1 - 3.67,s C-18

53
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4.1.7 Structure elucidation of compound 7.

The IR spectrum of compound 7 is shown in Figure 43 and the absorption
peaks are assigned in Table 17.

Table 17: Assignments of the IR absorption bands of compound 7.

Wave number (cm™) Intensity Vibration
3140 Weak C-H stretching vibration of
5-ring-heteroaromatic
2926, 2870 Strong C-H stretching vibration of -CHs, -CH,
1767, 1728 Strong C=0 stretching vibration of carbonyl group
1663 Strong C=CH stretching vibration of alkene
1263 Medium C-H bending vibration of -CHs, -CH,
1192, 1146 Medium C-O stretching vibration of ester
872 Medium C=CH out of plane vibration

The *H NMR and **C NMR spectra of compound 7 (Figure 44 and 46, Table
16) demonstrated general features very similar to those compound 2. The significant
differences between compounds 2 and 7 were the absence of the carbonyl ketone
(C-12, 193.6 ppm) and replacement of the methylene carbon (H-3,=2.18, m; H-
3,=2.63, td, J=4.2, 13.4m, 13.4 Hz).

The molecular formula of C,;H2605 for compound 7 was deduced from the
APCITOF MS. The 'H-'H COSY spectrum (Fig. 47) of compound 7 revealed
correlations of H-14 to H-16, while the HMBC spectrum (Fig. 48) showed
correlations of H-11 to C-12; H-12 to C-13, C-14, and C-16; and H-15 to C-13, C-14,
and C-16.




55

N

-HMBC
-Bold lines are from the "H-"H

COSY correlations.

Partial structure A was elucidated by analyses of the *H-'H COSY and HMBC

spectral data.

Partial structure B was obtained by analyses of the *H-'H COSY and HMBC
spectral data. The *H-"H COSY spectrum showed the correlations from H-10 to H-3
and H-6 to H-8. In addition, the HMBC showed correlations from H-3 to C-18 and
C-5; H-19 to C-4, C-6, and C-18; and H-8 to C-10, C-17, and C-20

-HMBC
-Bold lines are from the 'H-"H

COSY correlations.

Partial structure B was elucidated by analyses of the *H-'H COSY and HMBC

spectral data.
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The connectivity of two substructures was established with the help of the
HMBC spectrum, showing correlation of H-10 and H-20 to C-11. The relative
configuration was established by analyses of the NOESY (Fig. 49) spectrum where

the correlations between H-8 to H-10 and H-19 to H-20 are shown below.

The *H and **C NMR spectral data of compound 7 are shown in Table 18.



Table 18: The *H and **C spectral data of compound 7.
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Compound 6
position ¢ oy multiplicity, J in Hz COSsYy HMBC
1 192  1.11,dq,3.7,12.2,12.2,12.2,12.2  H-10, H-2, H- C-3,C-9, C-10
1.75,m 1b C-3
2 275 2.20,m H-10, H-2, H- C-4
243, m la C-4,C-10
3 1359 6.79,dd,2,7.4 H-1, H-3,H-2b C-1,C-2,C-5,C-18
4 1380 - H-1, H-3, H-2a
5 452 - H-2
6 334  1.23,m C-4,C-5,C-7,C-19
2.03,dt,3.1,3.1,13.2 C-7
7 220 1.85m H-7, H-6b C-9
211, m H-7, H-6a C-8
8 488 2.78,dd,4.0,13.5 H-6, H-7b, H-8 C-7,C-9, C-17
9 388 - H-7a, H-8
10 477 179, m H-7 C-2, C-5,C-6, C-9, C19
11 398 1.57,m C-9, C-10
1.68, m H-1 C-9, C-10
12 183 218 m H-11b,H-12  C-9, C-13, C-14, C-16
2.63,td,4.2,13.4, 13.4 H-11a,H-12  C-9, C-13, C-14, C-16
13 1245 - H-11, H-12b
14 1108 6.27,s H-11,H-12a  C-13,C-15,C-16
15 142.9  7.37,t,16 C-13,C-14,C-16
16 1385 7.23,s H-15, H16 C-13,C-14,C-15
17 173.8 - H-14, H16
18 169.0 - H-14, H-15
19 719 3.95,dd,2.0,8.1 C-6
4.40,d, 8.2 C-5,C-6,C-18
20 193 079, s C-8,C-9, C-10, C-11
17’ 514 3.70,s C-17
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4.1.8 Structure elucidation of compound 8.

The IR spectrum of compound 8 is shown in Figure 51 and the absorption
peaks are in Table 19.

Table 19: Assignments of the IR absorption bands of compound 8.

Wave number (cm™) Intensity Vibration

3133 Weak C-H stretching vibration of
5-ring-heteroaromatic
2960, 2889 Strong C-H stretching vibration of -CH3, -CH,
1739 Strong C=0 stretching vibration of carbonyl group
1276 Medium | C-H bending vibration of -CHj3, -CH,
1198 Medium | C-O stretching vibration of ester
1160, 1133, 1113 Medium C-O stretching vibration of ether

801 Medium | C=CH out of plane vibration

The *H NMR spectrum of compound 8 (Figure 52, Table 18) revealed the
presence of one methyl group at 0.95 (3H, d, J=6.4 Hz); two oxygenated methine
groups at 4.51 (1H, dd, J=0.9 and 5.7 Hz) and 5.33 (1H, dd, J=7.4 and 9.0 Hz) ppm;
two ketal methine groups at 5.14 (1H, d, J=1.1 Hz) and 5.28 (1H, s) ppm; three
olefinic protons of furanoid groups at 6.39 (1H, br d, J=0.9 Hz), 7.38 (1H, br t, J=1.7
Hz), and 7.40 (1H, br s) ppm, one methoxy group at 3.71 (3H, s) ppm; and a number
of methine and methylene protons resonanced at 1.7-2.5 ppm.

The **C NMR  (Figure 54, Table 18) and DEPT ‘spectral of compound 8
revealed the presence of 15 carbons, including sixteen sp® carbons (two methyl
carbons at 16.8 and 51.6 ppm; five methylene carbons at 20.2, 26.5, 30.5, 31.5, and
38.6 ppm; seven methine carbons at 37.4, 38.8, 54.0, 74.9, 75.7, 100.6, and 104.3
ppm; and two quaternary carbons at 44.3 and 50.4 ppm), three sp® carbons (three
methine carbons at 108.6, 139.3, and 143.4 ppm), and a carbonyl ester.

The molecular formula of compound 8 was established as C;1H260¢ by the
APCITOF MS showing the peak at m/z 375.1804 (calcd for [CoiH2606+H]",
375.1802). The 'H-'H COSY spectrum of compound 8 established the partials
structure from H-1 (34 1.85 and 2.30 ppm) to H-10 (o 2.40 ppm) and H-2 (6y 1.58
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and 1.95 ppm); H-3 (64 4.50 ppm) to H-2 and H-4 (64 2.85 ppm); and H-7 (o4 1.45
and 2.05 ppm) to H-6 (6 1.35 and 1.73 ppm) and H-8 (o 1.73 ppm), H-8 to H-17 (64
0.95 ppm), H-11 (64 2.15 and 2.25 ppm) to H-12 (64 5.33 ppm), and H-14 (64 6.39
ppm) to H-15 (64 7.38 ppm) and H-16 (64 7.40 ppm), while the HMBC spectrum
revealed correlations of H-4 to C-5 (8¢ 44.2 ppm), C-18 (6¢ 170.2 ppm), and C-19 (8¢
104.3 ppm); H-10 to C-1 (6¢ 20.1 ppm), C-9 (8¢ 50.2 ppm), and C-20 (3¢ 100.6 ppm);
H-19 to C-10 (8¢ 38.8 ppm)and C-20; H-17 to C-9 and C-7 (3¢ 31.4 ppm); H-12 to C-
13 (8¢ 127.1 ppm), C-14 (6¢ 108.6 ppm), and C-16 (6¢ 139.3 ppm); and H-14 to C-15
(6¢c 143.4 ppm) and C-16.

N

-HMBC
-Bold lines are from the 'H-"H

COSY correlations.

}_ZiSS COOCH 3"
170.2 51.6 3

Figure 8: HMBC and *H-'H COSY correlations of compound 8.

The relative configuration was established by analyses of the NOESY
spectrum, demonstrating the proximities of H-8 and H-10. The relative configurations

of compound 8 are shown below.

Comparison of spectroscopic data to those published in the literature (Table

20) confirmed that compound 8 was crovatin. Crovatin was previously isolated from



the stem barks of Croton levatii [53], however, its biological activity has not been

investigated todate.

Table 20: The *H and **C spectral data of crovatin and compound 8.

Crovatin [53] Compound 8
position dc Sy multiplicity, J in Hz dc oy multiplicity, J in Hz
1 202  19,m 20.1 1.85, m
23, m 2.30, m
2 265 1.6,m 26.4 1.58, m
19 m 1.95;m
3 758  4.48,ddd,5.6,4.3,1.2 75.7 451,brt, 4.9
4 54.0  2.83,dd, 1.0,5.6 54.0 2.85,dd, 0.9, 5.7
5 443 - 44.2 -
6 305  1.35m 30.4 1.35,m
1.70, m 1.73, m
7 31.5 145 m 31.4 1.45, m
2.00, m 2.05, m
8 375  1.7,m 37.4 1.73, m
9 50.4 - 50.2 -
10 389 24,m 38.8 2.40, m
11 386  222,134,73 38.5 2.15,7.3
2.13,9.2 2.25,9.3
12 750 531,dd,7.3,9.2 74.9 5.33,dd, 7.4, 9.0
13 1272 - T N
14 108.7  6.37,dd, 1.7,0.8 1086  6.39,brd, 0.9
15 1435  7.63,dd, 1.7,1.7 1434  7.38,brt, 1.7
16 1393  7.37,dd,1.7,0.8 139.3  7.40,brs
17 169 ~ 0.93,d, 6.5 16.8 0.95,d,6.4
18 1702 - 1702 -
19 104.4 . 5.11,d,1.0 104.3 - -5.14,d,1.1
20 100.7 = 5.26,s 1006 = 528,s
21 51.7  3.69,s 51.6 3.71,s
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4.1.9 Structure elucidation of compound 9.

The IR spectrum of compound 9 is shown in Figure 56 and the absorption
peaks were assigned as shown in Table 21.

Table 21: Assignments of the IR absorption bands of compound 9.

Wave number (cm™) Intensity Vibration
3135 Weak C-H stretching vibration of
5-ring-heteroaromatic
2924 Strong C-H stretching vibration of -CHs, -CH,
1765, 1727 Strong C=0 stretching vibration of carbonyl group
1672 Medium | C=CH stretching vibration of alkene
1276 Medium C-H bending vibration of -CHg, -CH,
1177, 1173 Medium | C-O stretching vibration of ester
872 Medium | C=CH out of plane vibration

The *H NMR spectrum of compound 9 (Figure 57, Table 20) revealed the
presence of three methyl groups at 0.70 (3H, s), 0.77 (3H, d, J=6.5 Hz), and 1.19 (3H,
s) ppm; three olefinic protons of furanoid groups at 6.19 (1H, s), 7.14 (1H, s), and
7.28 (1H, t, J=1.6 Hz) ppm; one vinylic proton at 6.79 (1H, t, J=3.0 Hz) ppm; and a
number of methine and methylene protons resonanced at 1.0-2.4 ppm.

The *C NMR (Figure 59, Table 20) and DEPT spectral data of compound 9
revealed the presence of 20 signals, of which 13 carbons are sp® (three methyl carbons
at 15.9, 18.3, and 20.5, six methylene carbons at 17.4, 18.1, 27.2, 27.5, 35.8, and 38.6
ppm; two methine carbons at 36.2 and 46.6 ppm; and two quaternary carbons at 37.5
and 38:8 ppm) and 7 carbons are sp? (four methine carbons at 111.0, 1384, 140.3, and
142.7 ppm and three quaternary carbons at 125.6, 141.4, and 172.5 ppm) hybridized
carbons, together with carbonyl carbon of a carboxylic acid.

The APCITOF MS indicated the molecular formula of compound 9 as
CaoH2803. The *H-'H COSY spectrum revealed correlations of H-1 (8 1.54 and 1.63
ppm) to H-10 (64 1.33 ppm) and H-2 (6 2.13 and 2.25 ppm); H-2 to H-3 (64 6.79
ppm); H-7 (64 1.37 and 1.47 ppm) to H-6 (64 1.10 and 2.37 ppm) and H-8 (&4 1.52
ppm); H-8 to H-17 (64 0.77 ppm); H-11 (3 1.47 and 1.57 ppm) to H-12 (34 2.13 and
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2.23 ppm); and H-14 (&4 6.19 ppm)to H-15 (64 7.14 ppm) and H-16 (64 7.28 ppm). In
addition, the HMBC spectrum fully established the structure of compound 9, showing
correlations of H-3 to C-4 (6¢ 141.3 ppm) and C-18 (6¢ 172.5 ppm); H-19 to C-4,
C-10 (6¢c 46.6 ppm), and C-6 (8¢ 35.8 ppm); H-6 to C-5 (d¢ 37.5 ppm) and C-19
(6¢ 20.5 ppm); H-17 to C-7 (&¢ 27.2 ppm), C-8 (d¢ 36.2 ppm), and C-9 (5¢ 38.8 ppm);
H-20 to C-10, C-7, and C-12 (¢ 18.1 ppm); H-12 to C-11 (d¢c 38.6 ppm), C-13
(6c 125.6 ppm), and C-14 (3¢ 111.0 ppm); H-14 to C-15 (d¢ 138.4 ppm) and C-16
(6¢c 142.7 ppm); and H-16 to C-13.

N

-HMBC
-Bold lines are from the "H-"H

COSY correlations.

3
COOH

Figure 9: HMBC and *H-'H COSY correlations of compound 9.

The relative configuration of compound 9 was established by analyses of the
NOESY spectrum, showing the proximities of H-8 and H-10; and H-19 and H-20.

The relative configurations of compound 9 are shown below.

Based on these NMR spectral data and literature data comparison (Table 22),
compound 9 was identified as (-)-hardwickiic acid, previously isolated from
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genus Croton[37], Salvia[56], Solidago[57], and Clerodendrum[58]. (-)-Hardwickiic

acid was reported to possess cytotoxicity.

Table 22: The *H and **C spectral data of (-)-hardwickiic acid and compound 9.

(-)-Hardwickiic acid [30] Compound 9
Position dc Sy multiplicity, J in Hz dc oy multiplicity, J in Hz
1 186  1.87,m 174 154, m
1.63,m
2 280 233, m 275  213,m
225, m
3 138.1  6.90,m 140.3  6.79,dd, 3.0, 4.4
4 1428 - 1414 -
5 383 - 375 -
6 370 113, m 358  1.1,td,5.2,12.9,12.9
2.37,dt,3.2,3.2,13.0
7 271 1.41,m 27.2 1.37,m
1.47, m
8 366  1.55,m 36.2 1.52,m
9 395 - 388 -
10 476 149, m 466  1.33,m
11 395  1.72,m 386  1.47,m
1.57, m
12 186  230,m 181 213, m
223, m
13 1265 - 1256 - -
14 1118  6.25s 1110  6.19,dd, 08, 1.7
15 1394 <« 7.37,brs 1384 7.14,brs
16 1435  7.23,s 142.7 ' 7.28,t, 1.7
17 16.2  0.85,d,6.0 159  0.77,d,65
18 173.2 [\ - 1725 = -
19 209  1.27s 205  1.19,s
20 182  0.80 183  07Ls
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4.2 Biological activity.

The compounds investigated for cytotoxic activity were 15-hydroxy-cis-ent-
cleroda-3,13(E)-diene (compound 3), patchoulenone (compound 4), nasimalun B
(compound 5), and methyl-15,16-epoxy-3,13(16),14-clerodatriene-18,19-olide-17-
oate (compound 7). Compound 3 showed weak cytotoxicity against T47D, HepG2,
and A549 cell lines with the 1Csy values of 17.0, 14.5, and 7.4 pg/ml, respectively.
Compound 4 showed weak cytotoxicity against HL-60 cell line at respective 1Cs
value of 15.38 pg/ml and exhibited strong cytotoxicity against P388 cell line with 1Csg
value of 1.06 pg/ml. Compound 5 showed weak cytotoxicity against HUCCA-1 and
T47D cell lines with 1Cs, values of 18.0 and 13.0 pg/ml. Compound 7 displayed non-
specific weak cytotoxicity against T47D, HL-60, and P388 cell lines at respective 1Cs
values of 10.0, 16.38, and 16.52 pg/ml. Compounds 1, 2, 6, 8, and 9 were inactive
against all cell lines tested. The bioactivity results of compounds 1-9 are summarized
in Table 23.



Table 23: Cytotoxic activity against cell lines of compounds 1-9

ICs0 (ug/ml)
Sample
HUCCA-1 KB HeLA | MDA- | T47D | H69AR | HepG2 | A549 S102 HL-60 P388
MB231

Compound 1 Inactive Inactive Inactive | Inactive 50.0 Inactive >50 >50 >50 ND ND
Compound 2 Inactive 50.0 47.0 40.0 43.0 50.0 >50 >50 >50 ND ND
Compound 3 28.0 28.0 28.0 25.0 17.0 25.0 145 7.4 275 ND ND
Compound 4 Inactive 44.0 Inactive 46.0 32.0 Inactive ND ND ND 15.38 1.065
Compound 5 18.0 20.0 27.0 26.0 13.0 39.0 ND ND ND ND ND
Compound 6 39.0 27.0 29.0 27.0 25.0 Inactive ND ND ND ND ND
Compound 7 36.0 26.0 30.0 29.0 10.0 41.0 ND ND ND 16.38 16.52
Compound 8 ND ND ND ND ND ND ND ND ND ND ND
Compound 9 45.0 30.0 32.0 28.0 35.0 Inactive 38.5 35.0 >50 ND ND
Etoposide 48 03 0.3 0.23 0.02 27 022 05 0.83 1.41 0.21

ND = not determine
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Type of cell lines
HuUCCA-1
KB =
HeLa =
MDA-MB-231=
T47D
H69AR
HepG2
A549
S102
HL-60
P388
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Human cholangiocarcinoma

Human epidermoid carcinoma in mouth
Human cervical carcinoma
Hormone-independent breast cancer
Hormone-dependent breast cancer

Lung cancer, small cell, multidrug resistance
Human hepatocellular carcinoma

Human lung cancer, non-small cell

Human liver cancer

Human promyelocytic leukemia cell

Mouse lymphoid neoplasm



CHAPTER V

CONCLUSION

Chemical examination of the roots of Croton oblongifolius Roxb. led to the
isolation of nine clerodane diterpenoids. These isolated compounds included two new
compounds,  19,20-dimethyl-15,16-epoxy-3,13(16),14-clerodatriene-17,18-oate-12-
one (compound 6) and methyl-15,16-epoxy-3,13(16),14-clerodatriene-18,19-olide-17-
oate (compound 7), and seven known compounds namely levatin (compound 1),
crovatin (compound 8), nasimalun A (compound 2), nasimalun B (compound 5), 15
hydroxy-cis-ent-cleroda-3,13(E)-diene (compound 3), patchoulenone (compound 4)
and (-)-hardwickiic acid (compound 9). The derivatives of compound 3, 15-(3,5-
dinitrobenzoyl)-cis-ent-cleroda-3,13(E)-diene  (compound 3a), cis-ent-cleroda-
3,13(E)-diene-15-al  (compound 3b), and cis-ent-cleroda-3,13(Z)-diene-15-al

(compound 3c) were synthesized.

The isolated compounds from C. oblongifolius were tested for their
cytotoxicity against human tumor cell line HUCCA-1 (Human cholangiocarcinoma),
KB (Human epidermoid carcinoma in mouth), HeLa (Human cervical carcinoma),
MDA-MB-231 (Hormone-independent breast cancer), T47D (Hormone-dependent
breast cancer), H69AR (Lung cancer, small cell, multidrug resistance), HepG2
(Human hepatocellular carcinoma), A549 (Human lung cancer, non-small cell), S102
(Human liver cancer), HL-60 (Human promyelocytic leukemia cell), and P388
(Mouse lymphoid neoplasm). Compound 3 showed weak cytotoxicity towards T47D
and HepG2 cell lines at ICs, values of 17.0 and 14.5 pg/ml and showed strong
cytotoxicity against A547 cell line at 1Csq value of 7.4 ug/ml; compound 4 exhibited
strong cytotoxicity against P388 cell line with 1Cs, value of 1.06 pg/ml, but weak
cytotoxicity towards HL-60 cell line with 1Csy value of 15.38 pg/ml; compound 5
showed weak cytotoxicity against HUCCA-1 and T47D cell lines at 1Csp values of
18.0 and 13.0 pg/ml; and compound 7 showed weak cytotoxicity activity against
T47D, Hela, and P388 cell lines at respective I1Cs values of 10.0, 16.38, and 16.52
pg/ml. Compounds 1, 2, 6, 8, and 9 were inactive against all cell lines.



REFERENCES

1. Available online from :
http://nationaalherbarium.nl/ThaiEuph/ThCspecies/ThCroton.htm

a 4

4 Jd A a A a Y Y A =}
2. 1rl"“]ﬁJf]“lql NTALUDT, WUAT ANTPUNT LA 'Jllﬁ'?liiﬂ! UAITYNI. ﬂ‘l—!“lN!NEN!?‘i‘HE]. WUN

Y
[

Ased 1. ngumnunuas o Tasamsdamansiayli, 2543.

3. Icihari, Y., Takeya, K., Hitotsuyanagi, Y., Morita, H., Okuyama, S., Suganuma, M.,
Fujiki, H., Motidome, M. and Itokawa, H. Anti-infammatory diterpenes from
Croton cajucara. Planta Med., 1991, 58, 549-551.

4. Thongtan, J., Kittakeop, P., Ruangrungsi, N., Saenboonrueng, J and Thebtaranonth,
Y. New antimycobacterial and antimalarial 8,9-secokaurane diterpenes from
Croton kongensis. J. Nat. Prod., 2003, 66, 868-870.

5. Roengsumran, S., Musikul, K., Petsom, A., Vilaivan, T., Sangvanich, P.,
Pornpakakul, S., Putong, S., Chaichantipyuth, C., Jaiboon, N. and Chaichit, N.
Crobolngifolin, a new anticancer clerodan from Croton oblongigolius. Planta
Med., 2002, 68, 274-277.

6. Aguilar, A. B., Guadarrama, A. B. and Rios, M. Y. Three new sesquiterpenes from
Croton arboreous. J. Nat. Prod., 2004, 67, 914-917.

7. Tchissambou, L., Chaiaroni, A., Riche, C. and Khuong-Huu, F. Crotocorylifuran
and crotohaumanoxide, new diterpenes from Croton haumanianus J. Leonard.
Tetrahedron., 1990, 46, 5199-5202.

8. Amaral, A. C. F. and Barnes, R. A. A tetrahydroprotoberberine alkaloid from
Croton-hemiargyreus. Phytochemistry., 1998, 47, 1445-1447.

9. Graikou, K., Aligiannis, N., Skaltsounis, A. L., Chinou, I., Michel, S., Tillequin, F.
and Litaudon, M. New diterpenes from Croton insularis. J. Nat. Prod., 2004,
67, 685-688.

10. Nihei, K. I., Asaka, Y., Mine, Y. and Kubo, I. Insect antifeedants from Croton
jatrophoides: Structures of zumketol, zumsenin and zumsenol. J. Nat. Prod.,
2005, 68, 244-247.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

69

Sutthivaiyakit, S., Nareeboon, P., Ruangrungsi, N., Ruchirawat, S.,
Pisutjaroenpong, S. and Mabhidol, C. Labdane and pimarane diterpenes from
Croton joufra. Phytochemistry., 2001, 56, 811-814.

Itokawa, H., Ichihara, Y., Takeya, K., Morita, H. and Motidome, M. Diterpenes
from Croton salutaris. Phytochemistry., 1991, 30, 4071-4073.

El-Mekkawy, S., Meselhy, M. R.., Nakamura, N., Hattori, M., Kawahata, T. and
Otake, T. Anti-HIV-1 phorbol esters from the seeds of Croton tiglium.
Phytochemistry., 2000, 53, 457-464

Giang, P. M., Jin, H. Z., Son, P. T., Lee, J. H., Hong, Y. S. and Lee, J. J. ent-
Kaurane diterpenes from Croton tonkinensis inhibit LPS-Induced NF-kB
Activation and NO Production. J. Nat. Prod., 2003, 66, 1217-1220.

Ngadjui, B. T., Folefoc, G. G., Keumedjio, F., Dongo, E., Sondengam, B. L. and
Connolly, J. D. Crotonadiol, a labdane diterpenoid from the stem bark of
Croton zambesicus. Phytochemistry., 1999, 51, 171-174,

Rao, P. S., Sachdev, T. R. and Singh, H. B. Isolation and constitution of
oblongifoliol, a new diterpene of Croton oblongifolius. Tetrahedron Letter.,
1968, 45, 4695.

Aiyar, V. N., Rao, P. S., Sachdev, T. R. and Singh, H. B. Isolation and
constitution of deoxyoblongifoliol. Indian J. Chem.; 1969, 7, 838.

Aiyar, V. N. and Seshadri, T. R. Components of Croton oblongifolius Roxb. 111
constitution of oblongifolic acid. Tetrahedron., 1970, 26, 5275-5279.

Aiyar, V..N. and Seshadri, T. R. Chemical components of Croton oblongifolius
Roxb. Part 1V Constitution of oblongifoliol and deoxyoblongifoliol. Indain J.
Chem.;-1971, 9, 1055-1059.

Aiyar, V. N. and Seshadri, T. R. Chemical components of Croton oblongifolius
Roxb. Part V. Indain J. Chem., 1971, 9, 613-614.

Aiyar, V. N. and Seshadri, T. R. Isolation of acetyl aleuritolic acid from Croton
oblongifolius Roxb. Indiam J. Chem., 1971, 9, 1028-1029.

Aiyar, V. N. and Seshadri, T. R. 11-dehydro-hardwickiic acid from Croton
oblongifolius Roxb. Phytochemistry., 1972, 11, 1473-1746.




23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

70

Aiyar, V. N. and Seshadri, T. R. Chemical components of Croton oblongifolius
Roxb. Part V. Curr. Sci., 1972, 41, 839.

Roengsumram, S., Achayindee, S., Petom, A., Pudhom, K., Singtothong, P.,
Surachetapan, C. and Vilaivan, T. Two new cembranoids from Croton
oblongifolius Roxb. J. Nat. Prod., 1998, 61, 652.

Roengsumran, S., Petsom, A., Sommit, D. and Vilaivan, T. Labdane diterpenoids
from Croton oblongifolius Roxb. Phytochemistry., 1999, 50(3), 449-453.

Reongsumran, S., Singtotong, P., Pudhom, K., Ngamrojanavanich, N., Petsom, A.
and Chaichantipyuth, C. Neocrotocembranal from Croton oblongifolius Roxb.
J. Nat. Prod., 1999, 62, 1163-1164.

Reongsumran, S., Petsom, A., Kuptiyanuwat, N., Vilaivan, T., Ngamrojanavanich,
C., Chaichantiyuth, C. and Phuthong, S. Cytotoxic labdane diterpenoids from
Croton oblongifolius Roxb. Phytochemistry., 2001, 56(1), 103-107.

Reongsumran, S., Pornpakakul, S., Muangsin, N., Sangvanich, P., Nhujak, T.,
Singtotong, P., Chaichit, N., Puthong, S. and Petsom, A. New halimane
diterpenoids from Croton oblongifolius Roxb. Planta Med., 2004, 7, 1-3.

Surachethapan, C. Chemical constituents of the stem bark of Croton
oblongifolius Roxb. M. Sc. Thesis, Department of chemistry, Faculty of
science, Chulalongkorn University, 1996.

Singtotong, P. Chemical and biological activity of deterpenoid from Croton
oblongifolius Roxb. Ph. D. Dissertation, Department of chemistry, Faculty of

science, Chulalongkorn University, 1999.

Tanwattanakul, T. Chemical constituents and their biological activity of stem
bark of Croton oblongifolius Roxb. From Amphoe Muang, Uttaradit
Province. M. Sc. Thesis, Department of chemistry, Faculty of science,
Chulalongkorn University, 1999.

Achayindee, S. Chemical constituents form the leaves of Croton oblongifolius
Roxb. M. Sc. Thesis, Department of chemistry, Faculty of science,

Chulalongkorn University, 1996.

Boontha, B. Cytotoxicity of chemical constituents of the stem bark of Croton



34.

35.

36.

37.

38.

39.

40.

41.

71

oblongifolius Roxb. from Amphoe Muang, Prachuap Khiri Khan
Province. M. Sc. Thesis, Department of chemistry, Faculty of science,
Chulalongkorn University, 2000.

Siriwat, K. Chemical constituents abd biological activity from stem bark of
Croton oblongifolius Roxb. from Amphoe Dan Sai, Loei Province. M. Sc.
Thesis, Department of chemistry, Faculty of science, Chulalongkorn
University, 2000.

Ruangraweewat, N. Chemical constituents and biological activity from stem
bark of Croton oblongifolius Roxb. from Amphoe Phurua, Loei Province.
M. Sc. Thesis, Department of chemistry, Faculty of science, Chulalongkorn
University, 2001.

Baigern, S. Chemical constituents and biological activity from stem bark of
Croton oblongifolius Roxb. from Amphoe Muang, Udon Thani Province.
M. Sc. Thesis, Department of chemistry, Faculty of science, Chulalongkorn
University, 1999.

Sriyanok, S. Chemical constituents and biological activity from stem bark of
Croton oblongifolius Roxb. from Amphoe Pran Buri, Prachuap Khiri
Khan Province. M. Sc. Thesis, Department of chemistry, Faculty of science,
Chulalongkorn University, 2000.

Bunyamanee, P. Cytotoxicity to cancer cell lines of diterpenoid compounds
from stem barks of Croton oblongifolius Roxb. from Chachoengsao
Province. M. Sc. Thesis, Department of chemistry, Faculty of science,

Chulalongkorn University, 2000.

Sirimongkhon, S. Kauranne diterpenes from stem bark of Croton
oblongifolius Roxb. from Kui Buri, Prachuap Khiri Khan Province. M.
Sc. Thesis, Department of chemistry, Faculty of science, Chulalongkorn
University, 2000.

Sommit, D. Structure analysis of diterpenoid compounds from stem barks of
Croton oblongifolius Roxb. M. Sc. Thesis, Department of chemistry, Faculty
of science, Chulalongkorn University, 1996.

Kuptiyanuwat, N. Chemical constituents of stem barks of Croton oblongifolius



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

72

Roxb. and their biological activity from Amphoe Wangsapung, Loei
Province. M. Sc. Thesis, Department of chemistry, Faculty of science,
Chulalongkorn University, 1999.

Pattamadilok, D. Chemical constituents of Croton oblongifolius stem bark
from Chainat. M. Sc. Thesis, Department of chemistry, Faculty of science,

Chulalongkorn University, 1998.

Permpanya, L. Chemical constituents of the stem barks of Croton roxburghii
from Nahaew district, Loei Province. M. Sc. Thesis, Department of

chemistry, Faculty of science, Chulalongkorn University, 2003.

Khamlaeid, C. Chemical constituents of stem barks of Croton oblongifolius
from Amphoe Phanat Nikhom, Chonburi Province. M. Sc. Thesis,
Department of chemistry, Faculty of science, Chulalongkorn University, 2003.

Pata, P. Chemical constituents with cytotoxicity of Croton oblongifolius from
Nan Province. M. Sc. Thesis, Department of chemistry, Faculty of science,
Chulalongkorn University, 2004.

Dewick, P. M. Medicanal natural product a biosynthetic approach. 2" de.
John Wiley & Sons, 2001, 169-191.

Devon, T.K. and Scott, A. L. Handbook of naturally occurring compounds.
New York and London : Academic press, 1972.

Moulis, C. and Fouraste, |. Levatin, an 18-norclerodane diterpene from Croton
levatii. J. Nat. Prod., 1992, 55, 445-449.

Hansan, C.M., Khan; S., Jabbar, M. A, and Rashid, A:-M. Nasimaluns A and B:
neoclerodan diterpenes from Barringtonia racemosa. J. Nat. Prod., 2000, 63,
410-411.

Blas, B., Zapp, J., and Becker, H. ent-Clerodane diterpenes and other constituents
from the liverwort Adelanthus lindenbergianus (Lehm.) Mitt. Phytochemistry,
2004, 65, 127-137.

Thebtaranonth, C., Tebhtaranonth, Y., Wanauppathamkul, S., and Yuthavong, Y.
antimalarial sesquiterpenes from tubers of Cyperus rotundus: structure of

10,12-peroxycalamenene, asesquiterpene endoperoxide. Phytochemistry,




73

1995, 40, 125-128.

52. Monti, H., Tiliacos, N., and Faure, R. Copaiba oli : Isolation and characterization
of a new diterpenoid with the dinorlabdane skeleton. Phytochemistry., 1999,
51, 1013-1015.

53. Moulis, C., Bon, M., Joel, J., and Fouraste, I. Crovatin, a furanoid diterpene from
Croton levatii. Phytochemistry., 1992, 31, 1421-1423.

54. Khan, S., Jabbar, A., Hasan, C.M., and Rashid, M.A. Antibacterial activity of
Barringtonia racemosa. Fitoterapia., 2001, 72, 162-164.

55. Tenchaisri, T., Chawengkirttikul, R., Rachaphaew, N., Reutrakul, V., Sangsuwan,
R., and Sirisinha, S. //. Cancer L etters., 1998, 133, 169-175.

56. Ortega, A., Cardenas, J., Gage, D.A., and Maldonado, E. Abietane and clerodane
diterpenes from Salvia regia. Phytochemistry., 1995, 39, 931-933.

57. Lu, T., Vargas, D., Franzblau, S.G., and Fischer, N. H.Diterpenes from Solidago
rugosa. Phytochemistry., 1995, 38, 451-456.

58. Ganapaty, S., and Rao, D. V. Cleroflavone, a new C-methylflavone from the
leaves of Clerodendrum neriifolium. JCS. Section B., 1990, 29, 289-290




AONUUINYUINNS )
ANRINTUNAINENRE



75

: 29/
3
1700
873.55
81546
1
0. Iﬂl.ﬂ 115589 9‘8‘.?3 733‘”
-5
.s.n T T T T T T T T T T T 1
4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

cm-1

Figure 11: IR Spectrum of compound 1



15, 16

76

Figus‘qi S PV e £ 0 )



o S8 B £ o oy e
3 A 33 2 g3 RELEE 3 £3
EE - o g =E EEAEE 85 3
]| Vi \[ ]

{

25583
L

29,049
33

— ) 45

— 3243

I

(11 180 1 It“l] IL5] | o 120 1no oo 0 0 » Ly =

245

95

157

Relative Abundance
'

o

Figure 15: EIMS Mass spectrum of compound 2

2968 312

7

313 39
298 ] _ﬂ_{;a@

a4



78

B
95 | {V
90 |

85 351333 B3 |

80 | 313585

o 45

35 ] 2924.50

COOMe
17

0 176531

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0
cm-1

Figure 16: IR Spectrum of compound 2

OMe

20

=
o
ra

g 5] o
[ ] 1 Sl
u._j L VC I W W

1‘:‘ ?‘o is a‘ﬂ 7‘5 :0. (%} L) 1‘5 D 43 40 s 10 :ls 0 15 Lo [E) a0 MI
i B Y e HE

Figure 17: "H NMR (400 MHz) Spectrum of compound 2 (CDCl,)




— jaLEs

JULLLLL

Figure

i oka

— 108474

-t
aT

w1
i AL
TS
123
11
TO5 ‘
S
| qza
A0
18
Rl
L 1Y
, |
- el
I
|l
|
f=1=1
100 150

miz

19: EIMS Mass spectrum of compound 3

AmE
=1 e
BT
175
1FF Fask ]
206
2189
227
200

243

259

250

277

271

269

287

289

291

30

79



80

1000
— \ il |
95 | — — |
/ST .
\ .
w R 93
85 | s i
s | i
80 | 7%2.
2300.00 :
75 ]

- :‘ U \ } p ]
. =y

18333 '\ /
i 1651.87 1444 46 123000 1035'.5?
0 2937.02 137867 1006.66 ntes
-5 i
-s‘o T T - -T T T T T T T T 1
4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 6500
cm-1

Figure 20: IR Spectrum of compound 3

15

T T T T T T T T
o5 20 BS B0 135 0 L% it

T T T T T T T T T T T ]
50 4.5 40 35 30 T3 F (5] (] o5 oo ppm

"Wy ——

Figure 21: "H NMR (400 MHz) Spectrum of compound 3 (CDCl,)



Figure 22: Expansion of 1I-QNMR spectrum of compound 3

NOIUUINUUINTT N
E(JIW']NQ NAIEUNRTIVIEINE

81



nETEED
arazis

R PG

7,300
R
BB

=428

T VoW
= 1
20

19 ? |

Figure 23: °C NMR (100 MHz) Spectrum of compound 3 (CDC,)

Voo

TERTY
1T s

JE:;“ nL |J . T, il o m IJ'M[L..I mh h‘ |L lJJ Ilj

R = L= (=1 =] pels el

Feie Abwnéate
R oad
ood
L

o

2

[

Figure 24: EIMS Mass spectrum of compound 4

82



83

65 337;\4“

i
ll 18 \ U / e
" ! I
? 8 el40 | 12063 | 103333 71598
- \‘ ” j Thane  uner |
1
4

i I
1657.92 i
126328

|

|

|

|
1093.33

40000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 6500

Figure 25: IR Spectrum of compound 4

15 9
a 8
/
14
@)
N
o | Ul
. ; ; , T R e s R A T S e > L .
5 94 a5 80 75 0 (%] 60 s 30 a3 40 s o 23 0 LS o s 00 Pm

e —

§ )
¥ e
Figure 26: "H NMR (400 MHz) Spectrum of compound 4 (CDCl,)



12

84

2 |
II
||||8 ”' | 9 |!| ||1| g |
r ll"rhlll'l'r';l I||||| |'“|||||.'| f || | : | | ||
~ /II\\ "lu“.."L"U Fil A Lk UL L
_hu-u"— :?'.-.; .:'.;1-1“ 148 1y 155 ppm 1.3 | 1m ||_'- LD m nas L :\-;_-l-m“;:c:";;:u
& 5
10 | ,
H T
i | f‘l |
’ ) ‘ ' ﬁ “m M ||| %
i . yite |||'| ||||\| |
) b |||' ? 8H|.I||U| ||
xﬂ | (A 1 \ S TITARTITA /|
:\Illl ||“| |.llL I I| { thll |III|‘ J.IJ'“' Hlu : \. |r.II 1 'fljl'. I| IU IJ|U| 'u' | L{{/
/ {IR] VAR : v 1 AVAYATRY
i i~ - 3 J/‘ L y,
Figure 27: Expansion of 'H NMR spectrum of compound 4
2 8 2 g 5§ op
i L i
\V \/
II |
2
3
6 10
10 7
'} T~ 1 14
8
/
14
O
1
4 g : |
6 | [

Figure 28: "°C NMR (100 MHz) Spectrum of compound 4 (CDCI,)



91
5 159
105
95
118
87 77 | g4 3
107 145
0
] iy ol
2 55
65 121 167
0 14
| 147
1 83 1 |
10 57 || 69 ’ I
: A
| i Ll |u| Il
40 80 a0 100 120 140 160

Figure 29: EIMS Mass spectrum of compound 5

% 454

30

! .|l

180

219

_ e FH_‘_'_\

4000.0 3600 3200 2800

Figure 30: IR Spectrum of compound 5

85

650.0



86

ﬂﬂ&l‘lﬁﬂ’ﬁ

J[nwwmr TUEINENRY.

LA

'J '- lﬂ "- m = 'I-ID m.— 3-” 250 a8 140 235 230 s k= ris o e

Figure 32: Expansion of 'H NMR spectrum of compound 5



Relative Abundance

74554

128008
[JLLEE

-
IhaTs
ThmsE

<;

BLdc g428
?FT? iTl;T.
|
\.I |' f |II IIII |

T -
20 (L[] Li4) 0 L] ]

e

v TR ETYRAg AR EEERTIEN Ly R T rTTI

.
0 0 £ L] 20 0 U

Figure 33: "°C NMR (100 MHz) Spectrum of compound 5 (CDCI,)

g

]

2

i
PP TP

e

?nn FEn

Loty

3.8.8.8

a0 2.5.8.8.8.8.8.8,

o

2
2]a

231
246
389
247
232 157
279
390
233 278 l
3
28?83 s * e 388.
3 391
244l 255 ||| 2T:"nill‘a:i Z\IBIT 209 328 355'| 8 . |
| I S E I S S S e s S B S A S N S S N S e e |

240 260 280

Figure 34: EIMS Mass spectrum of compound 6

300 320 340 380 380 400

87

-
Fpm



88

%T 45 |
|
1323.3

i
137113

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

Figure 35: IR Spectrum of compound 6

A

JALUMAL |

T T T T

T T T ¥ 5 5
5 w0 Lt} L 1] 75 e

W Y ¥ W oY WE e

Figure 36: "H NMR (400 MHz) Spectrum of compound 6 (CDCl,)

3
om



89

e

i
T T T
H llr li 30 ::_1 L:n 11 -w M- :m I'R.‘l Iv:l |i5 |.m 1‘.!5 :'.h‘n 165 160 n\ uiu us |An |:\ :3n l L] 133 1|3 1|n 08 100 nvs ow ou\

e

22
21

16

o 53 i
|
L _J L ! ML J o

LA [ l'i‘"'l ﬁ'.ll\ E,TJ m m LT p;n 165 b !‘_'U 1.I!¢ Fpm 153 pm

Figure 37: Expansion of 'H NMR spectrum of compound 6

: EE : 1238
l |

194,180
175044
167354
14705
e [4.067

N
—— ARET
— .
—

Figure 38: "°C NMR (100 MHz) Spectrum of compound 6 (CDCI,)



90

20 19

21

17

I SR, ST P

FEE | o

Figure 39: 'H-'H COSY Spectrum of compound 6 (CDCI,)

SR PR W

Figure 40: HMBC Spectrum of compound 6 (CDCL,)



91

Figure 42: EIMS Mass spectrum of compound 7



92

65655

sezxzzzdf

%T

]26{;.1'5

Y smTs
ns2el 102241

| Vi
i 1146.66 P!
176724 999.90

40000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 6500
cm-1

Figure 43: IR Spectrum of compound 7

)
7/
UL I
B & d W R W W

Figure 44: "H NMR (400 MHz) Spectrum of compound 7 (CDCl,)



2
U] 1
i ! 10
e
1% 245 240 13 130 H m 15 0 205 20 195 1% 15 (6 R o R B I ¥ 6 1% pm
21
16
14 i
14
| it
g
i i by 18
g | ||
I | Wy i) 12
| | l "
__J . | JL J llﬂ}l
| 0 %9 NI k.
T T ¥ ™t T T T T . aff T T T T T T T T T T T
k] PR 128 (] (%] o 630 28 ppm L0 prm 400 P 0 ppm 280 374 1 165 160 ppm

Figure 45: Expansion of 'H NMR spectrum of compound 7

£ & A FI588
= RAA 2
| V|
1
) 2
0
11 B 7 I
18
g
0
15163 |
| | |
! 14
21
| g
|
g
17 |
| 13
|
15
i 1 ] I
1 1 ¥
J I J | 1 AL
' 1-:3 II:O (] [0 l_l‘ﬂ 140 130 b Ty {[1] L] 40 i} m (L] [Ir -';:

Figure 46: °C NMR (100 MHz) Spectrum of compound 7 (CDCI,)



94

Y » . o= g iF@ P g &
i . i . ’ ) = cof L T i 1 . ! - I
Bl S ﬁm O =8 e WAL T e IR RN 1SRN M
NV a sl dlio P @
R WY WS RS TS A H ! ' i 1 H =1 i 1
S ETAF 7S RIAR .0 N i e
4, | o Lt T i ¥ D ok PN
y 3 : [ T i
H . H A 1 - [ ek AL 4
-4 > ..._.‘H..mﬁ - R nUu il . 1
{ M E :
ol : i — : ik I :
freaned I e e L m. .Euru.n_._.ﬂ. g =
: : ! : L AN m w ik, & : O H .
] | H e - L (1 | H : : . H - ]
== t Ny Wy X AR ... .. {] - s i i
P ; RN Ty, W 1 © O | eN i
s : LR T T e | R : P
P m LN . 2 1 <%
S OGRS | |
; i ; H ] L 9 @© : :
..... ;ood m L WL YER. WEE, :
P : M o) : : :
i o o ...“ ........... He C T - “ _ “
= TR O B PR T . T -y _ - _ A
T T A M = o : ; : = m |
o T g il T : i | i | | !
IS N CO N NN N (s el SRy, la~— 1 = e -3 _
= TR I R S R b : ~ 2 : : : = Um e {
w Voo i ] ! P e o< 10 P : | Ol e | !
= | o T E e 1 s s e e G | SV IR SIS Y S S RS M ar> L= —~ SR g
- : : SIS S S S S SO O O T I O R\ T !
S hr ey we: YaRr S SUREE ST I Va0e: Y005 NARAT IARD e T > S B i —
E 2 2 3 a4 a &2 3 2 8§ ]F & F3 & 7 _.mu E A m § % § R ® 8 8 2 8 R & 3 8 E @

as

0

Figure 48: HMBC Spectrum of compound 7 (CDCl,)



95

[
i —

il
.

4

134~
==

T

Figure 49: NOESY Spectru

jj

w

J ==X
==}

U A

I
;

NOTUUINBUINTT
ANIANNIUNENINEINE

9

145

300

180

160

Figure 50: EIMS Mass spectrum of compound 8



96

100.0 _

ss_i

%T

143653 1276.56

138191
i I !
U
||9sq i i
i 4N
13 [
i

116032 99408 | 80190

i i
111332 91427

8.0 - - —

4000.0 3600 3200 2800 24@ 2000 1800 1600 1400 1200 1000 800 650.0

Figure 51: IR Spectrum of compound 8

-

T T T T T T T T T T T =T T 1
95 0 BS &0 LS L 5 s 30 25 20 15 0s 00 ppe

W WY WY

Figure 52: 'H NMR (400 MHz) Spectrum of compound 8 (CDCl,)



97

T T T T L) T T T L T T T T T T T T T T T T T T
143 14 233 M I3 IN ¥ XM B 100 19 1% 12 W 1N [ 5 P L 1 L5 Lay [E] (5] 1M i e

21
20 19

15 :

18 14 ] i . 4 17
§ h
I ‘ 1y
12 )
“ i

™ e PP s Pt o W ey, GLASIAR s AE e 1 IE mm | on e

Figure 53: Expansion of "H NMR spectrum of compound 8

i =
: FEEE P

e | T 178
e | $5. 135
— 3708

Zn
B

Figure 54: °C NMR (100 MHz) Spectrum of compound 8 (CDCI,)



Relative Abundance

.38

P
8 & 8
TosislnasiTasay

2.5.8.8.

-

TS

8

79

118 189
130
161
‘ 149
A

T T

ifs,'

173

176

185

202
187

| 177
ATl

201
189
y W

8

T TR T

140 160

180
miz

205

206

220

219

222

L=

217 |||| 225 237
_r_L‘
220

240

98

283
209
301
sos 316
263 2"[" oz 328
=TT T
260 280 300 320 240

4000.0

3600

3200

2000

Figure 56: IR Spectrum of compound 9

1800
cm-1

1600




99

i L SN M‘W“ﬁ

T
23 0 13 e 00 ppm
— L L
e ' § &)

e ,,#é g

Figure 57 "H NMR (400 MHz) Spectrum of compound 9 (CDCI.)

84 LI

16w VD TH e

T - T T v ¥ T T T T T T T T
I 1% 143 DS ST S0 0WEL N, 18N 1N 13 B2CFRE 10 JT08 000 G4 peei

NSNS

!“H TI-l

T e o1 1N e

Figure 58: Expansion of "H NMR spectrum of compound 9



100

3 ELC N R¥3 3 85358 §88A248
= ::Tﬂ = = Ee€e F %‘T.\,!ﬂfﬂ ..E",ﬁ‘lﬁ=;‘_"
| v N VNN

T +
[ 150 170 1 15 140 i) ]

Figure 60: EIMS Mass spectrum of compound 3a



100.0 .
95

9T 45

1729.09

1628.92

1459.18

1380.98

127 u

1160.57

1074.44

101

82532

T73.54

720.54

Figure 61: IR Spectrum of compound 3a

Figure 62: "H NMR (400 MHz) Spectrum of compound 3a (CDCl,)

=




19
16

; 1,2,8, 12

- 7
_JJ'ULJULN wk L J

III Mg "J

I : ) "|'I'

Ll an L wis L A1 2 LR L

Figure 63: Expansion of 'HNMR spectrum of compound 3a

1
2

— 43404
— 458640

139776
— |3 Hh

102

- e T T T =, T T T
1540 130 m L] 150 140 130 120 1 [ 50 =0 ™ 4 3

Figure 64: °C NMR (100 MHz) Spectrum of compound 3a (CDCI,)
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Figure 66: "H NMR (400 MHz) Spectrum of compound 3b (CDCl,)
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Figure 68: °C NMR (100 MHz) Spectrum of compound 3b (CDCI,)
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Figure 72: *C NMR (100 MHz) Spectrum of compound 3¢ (CDCl,)
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