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Thesis Title _ Antitubercular Activity Profiling of Terpenoid Derivatives from the
Thai Sponge Hyrtios sp.

Author Mr. Sunan Jaisamut
Major Program Pharmaceutical Sciences
Academic Year 2007

Abstract

Chemical investigation of the sponge Hyrtios sp. resulted in the isolation
and characterization of a new antitubercular sesterterpene, 12-epi-deacetyl-19a-acetoxy-
20a-methoxyscalaran (46), along with the known heteronemin (1) as the major
component, Chemical derivatizations of heteronemin (1) using various transformations,
including hydrolytic cleavage, reductive recyclization, chromate oxidation, acetylation, and
pyrolysis, also yielded a series of scalarin derivatives., All the scalarins, both from natural
products and from chemical transformations, were subjected to antitubercular activity and
cytotoxicity (against MCF-7 cell line) determination, to show that all were strongly active
in either, or both, assays. The results also suggested that the structure-activity relationship
of the antitubercular activity was positively influenced by two acetate functionalities on C-
16 and C-19 of the scalarins, whereas the polarity of the oxygenated functional groups on

C-12 may affect the cytotoxicity in this model.
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CHAPTER 1
INTRODUCTION

1.1 General introduction: Tuberculosis

Tuberculosis (TB), caused by Mycobacterium fuberculosis, is among the
most vicious infectious diseases that has plagued human beings since the ecarliest of time.
According to the recent report by the World Health Organization (WHO), a total of 8
million world’s population were infected by M. tuberculosis, and as many as 1.5 million
deaths were reported associated with tuberculosis (WHO, 2007).

Despite the efforts both by local governments worldwide and by WHO to
‘ control the spreading of the discase, the battle with tuberculosis seems to be the one that
men will always keep losing grounds. In 1993, WHO declared tuberculosis as a global
emergency, and has put high efforts both on surveillance and on treatments of the discase.
However, with one vaccine (BCG) and limited number of effective antibacterial agents as
the only measures, such efforts are never adequate. The association of tuberculosis with
poverty, .the neced of long~term treatment, and the latent nature of the disease are all
combined to worsen the epidemic situation. Also, as one of the most common infections in
immuno—-compromised patients, the coinciding recurrent of tuberculosis outbreak since the
1990’s with the pandemic of HIV/AIDS is remarkably evident.

Currently, first-line drugs used in the treatment of TB include isoniazid,
rifampicin, pyrazinamide, ethambutol, and streptomycin (Figure 1) (Sensi and Grassi,
1996). Short-course regimens using initially at least three first-line drugs are effective,
and combination therapy has been well documented to reduce the emergence of M.
tuberculosis strains that are resistant to individval agents. As mentioned earlier, the poverty
as a major problem faced in TB control leads to the lack of early diagnosis and short in
drug supply, as well as to patient’s failure to complete their course of drugs, As a result,
multi-drug resistant (MDR) strains of M. tuberculosis, defined as strains with the
resistance to at least isoniazid and rifampicin, have been emerged (Duncan, 1997,
Inderlied, 1999). There were approximately 3.2% of newly estimated TB cases world~
wild that were MDR-TB in 2000 (Espinal, 2003). Sccond-line drugs, including

ethionamide, cycloserine, kanamycin, capreomycin, amikacin, para-aminosalicylic acid and




thiacetazone, which are. less efficacious and/or more toxic than first-line ones, are

obligated in such cases (Glassroth, 2001).
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Figure 1 First-line drugs for tuberculosis

Whereas new technologies that lead to new drug discoveries including
compufer-aided drug design, molecular biology, and gene therapy, have been developed
extensively in such way that a direct- and target-oriented medicine is no longer mere
theoretical prospects, such developments seems not to be employed to a satisfying level in
the area of antitubercular drugs. In fact, over the past 30 years, no new antitubercular
agents with new mechanisms have been developed. There have been a number of practical
obstacles in developing new antituberculosis agents, Among these is the lack of economic

incentive due to the predominance of the disease in the developing world. The very slow




growth and highly contagious nature of M. tuberculosis have also discouraged the drug
discovery effort (Cantrell et al.,, 2001). Yet new—drug discovery with new and different
modes of actions is among urgent needs to control the spread of drug-resistant strains as
well as to lower the mortality rate of MDR-TB.

The oceans, covering more than 70% of the earth’s surface, have been long
known as the ecological habitats with a highly unique and wide-ranged biodiversity. The
uniqueness that earns marine biota the excellent candidacy as the producers of novel
biologically active agents is possibly due to the physical and chemical differences between
marine and terrestrial environments, such as the great density of the sea water, the reduced
light permeation thus allowing photosynthesis only in a narrow surface zone, and the
skeletons of the biosynthetic starting materials, which are protein-dominated (as compared
to the carbohydrate—dominance in terrestrial pflants). Besides these properties, the food
chain in the marine environment is also far more complex than that in the tervestrial
counterpart. The abundance of filter—feeding sessile organisms, which serve as excellent
substrata for epibionts and symbionts, extends marine ccosystéms to become more complex
communities that are either absent or rarc in terrestrial ecosystems (Scheuer, 1990).
Furthermore, ecological stresses, including predation, competition for space, and fouling on
the surface, lead to the evolution of various forms of defense mechanisms including the
accumulation of unique secondary metabolites with various biological activities toward
either predators or preys (Konig ef al, 1994). Altogether, these have proved to be
beneficial to the discovery of drugs with greater efficacy and specificity for the treatment of
several diseases than those currently used in clinic.

Among the marine organisms, sponges are the first marine invertebrate
group that were studicd for their secondary metabolites (Bergquist, 1978). To date,
sponges have yielded a great number of novel bioactive compounds (Faulkner, 1995). The
sponges, belonging to the phylum Porifera, are the most pﬁmitivc group of multicellular
animals existing as far back as Precambriam periods or approximately 600-700 niillion
years ago (Allen, 1996). They are sedentary and feed on their food by filtering the
microplanktons from sea water passing through the small holes on their bodies (Bergquist,
1978). To survive for such a long period of time, sponges have to fight off even more
sophisticated predators and to compete for space by producing distasteful or otherwise
deterrent chemicals. Interestingly, these chemicals are infrinsically bioactive and are

therefore the compounds that researchers seek today as potential medicines (Faulkner,




1995). Furthermore, the filtration of sea water makes sponges a great reservoirs of the
metabolites from marine microorganisms, Besides, the colonies of sponges also serve as
symbiotic systems, in which large number of epibionts such as bacteria and other
microorganisms reside in a unique association, Consequently, unusual metabolites that were
produced by the microorganisms can be found in sponges (Konig and Wright, 1996), It is
thus not surprising that many marine natural products from sponges are highly active in
many pharmacological assays.

Whereas most compounds from marine sponges, or even from other marine
invertebrates, have been primarily reported as cytotoxic agents, a significant number of
marine natural products are also active in other biological models, including anti-infectious
activity, Of particular interest in this review, a handful of antitubercular agents of marine

origins have readily been reported, and are listed in Table 1.




Table 1 Marine natural products as antitubercular agents

Sources Names

Structures

Antitubercular activity

References

Hyrtios sp. Heteronemin (1)

AcC
OH

»
+

MIC = 6.25 ug/mL

Kazlauskas et al.,
1976

Didemnum sp. | Ascididemin (2)

MIC = 0.25 ug/mL

Kobayashi et al.,
1988; Chung et
al., 1995

Eunicea pinta | Pregnene saponin

(3)

MIC = 6.25 ug/mL

Iguchi et al., 1989;
Shi et al., 2002




Table 1 (cont.)

Sources Names Antitu_bercu]ar activity References
Nephthea sp. | Litosterol (4) MIC = 3,13 pg/mL Liu et al., 1992
Nephthea sp. | Nephalsterol-C MIC = 12.5 ug/mL Liu et al., 1992

(5 |
Jaspis sp. Bengazole A (6) OH OH ?H MIC = 0.5 ;ig/disk Molinski et al.,
| 1993




Table 1 (cont.)

Sources

Names Structures Antitubercular activity References

Jaspis sp. Bengazole B (7) OH OH ?H MIC = 0.5 ug/disk Molinski et al.,
o 7 1993
N’»jm OH
N
|
o
7
Elysia Kahalalide F (8) o 67% Inhibition at 12 | Hamann et al.,
A g

rufescens NH

mg/mL

1996




Table 1 (cont.)

- Sources Names Structures Antitubercular activity References
Elysia Kahalalide A @\ )\ 83% Inhibition at 12 | Hamann et al.,
rufescens (9) . 0 mg/mL 1993

~_HN AN
S RP @AY
0 HOO o)
© Y BN
N o
o N >_..
OHO o)
9
Pseudomonas | Massetolide A G Y MIC = 5 ug/mL Gerard et al., 1997
sp. (10) HN)H"“
o NH 0
“~0OH OH

10

O
x

4




Table 1 (cont.)

Sources Names Structures Antitubercular activity References
Pseudomonas | Viscosin (11) 5 Y MIC = 10 ug/mL Gerard et al., 1997
sp. \

p HN)H'\‘
Os - NH
: 0
—QH
\7 . N
07 "NR o
H H
fJ\Tﬁo ooz:</\’N N
oHHN K AL © H OH
11
Hyrtios sp. Puupehenone OH IC,, = 2 ug/mL Zjawiony et al.,
(12)

12

1998;

El Sayed et al.,
2000




Table 1 (cont.)

Sources Names

Structures Antitubercular acfivity References
Acanthella Axisonitrile-3 MIC = 2.0 ug/ml Konig et al., 2000
klethra (13)
NC™
PN
13
Agelas sp. Agelasine F NH, MIC = 8.13 pg/mL Mangalindan et al.,
(14) X SN AY 2000
/
14
Potamogeton | Potamogetonin \ O/ MIC = 100 pg/mL Kittakoop et al.,
malaianus (15) 2001

01




Table 1 (cont.)

Sources Names Structures Antitubercular activity References
Potamogeton | Potamogetonin \O/ MIC = 100 ug/mL Kittakoop et al.,
malaianus analog (16) 2001
Potamogeton | Potamogetonyde + MIC = 100 pg/mL Kittakoop et al.,
malaianus (17) 2001

1T




Table 1 (cont.)

Sources Names Structures Antitubercular activity References
Potamogeton Potamogetonol 1 O/ MIC = 50 ug/mL Kittakoop et al.,
malaianus {(18) 2001
Bacillus Basiliskamides A * MIC = 1 pg/mL Barsby et al., 2002
laterosorus (19) OH QM@

HZNW
0 s
19
Bacillus Basiliskamides B Q MIC = 3.1 ug/mL Barsby et al., 2002
7
laterosorus (20) g H

HoN —_

20

(44




Table 1 (cont.)

manzamine A

(22)

Sources Names Antitubercular activity References
Haliclona sp. | Manzamine A MIC = 1.53 ug/mL Youssef et al.,
(21) 2002
Haliclona sp. | (+)-18- MIC = 0.91 pg/mL Youssef et al.,
Hydroxy- 2002

el




Table 1 (cont.)

* Sources Names Structures Antitubercular activity References
Smf;no— Aureol N,N- (CH3),N=C=S MIC = 6.25 ug/mL Hu et al., 2002
spongia aurea | dimethyl- OH

thiocarbamate
(23)

Haliclona sp.

Ircinol A (24)

24

MIC = 1.93 ug/mL

Edrada et al., 2002

PI




Table 1 (cont.)

Sources Names Structures Antitubercular References
activity
Halichondria | Halichondramide - - MIC = 0.2 gg/mL. | Donia and
sp. (25) OHC. : ' Hamann, 2003
| OMe O

Siliquaria~ Aurantoside B a OH MIC = 0.16 pg/mL | Donia and
spongia (26) Hamann, 2003
Japonica

1




Table 1 (cont.)

Sources Names

Structures Antitubercular activity References
Pseudocera- | Psammaplysin A IC,, = 30.0 uM Nicholas et al.,
tina sp. (27) 2003
NH,
27
Oceanapia sp. | Oceanapia (28) ar | IC,, = 3.0 uM Nicholas et al.,
HoN~_© NOH 2003
H
Br NMNHZ
O NH
28
Oceanapia sp. | Oceanapiside NH, OH IC,, = 10.0 zM Nicholas et al.,
(29) HO.__~ 2003
7 11
Jio 0 NH,
Oz OH
OH
29

91




Table 1 (cont.)

Antitubercular
Sources Names Structures References
activity
Phorbas sp. | Phorboxazole A MIC = 0.1 pugrdisk Donia and
OH
(30) o e ‘ Hamann, 2003
! . L N

Pseudoptero— | Pseudopteroxa- MIC = 12.5 ug/ml | Rodriguez and
gorgia zole (31) Rodriguez,
elisabethae 2003
Pseudoptero—~ | Seco-pseudopter- MIC = 12.5 ug/mL | Rodriguez and
gorgia oxazole (32) Rodriguez,
elisabethae 2003

L1




Table 1 (cont.)

Sources Names Structures Antituberéular activity References
Pseudoptero~ | Erogorgiaene = MIC = 12.5 pg/mL Rodriguez and
gorgia (33) . Rodriguez, 2003
elisabethae @O

T
33
Pseudoptero~ | 7~Hydroxy = MIC = 6.25 pg/mL
gorgia erogorgiaene :

elisabethae (34)

34

Rodriguez and

Rodriguez, 2003

81




Table 1 (cont.)

Sources Names Structures Antitubercular activity References
Theonella Swinhoeiamide A MIC = 1 ug/mL Rodriguez and
swinhoei (35) Rodriguez, 2003
Brachjaster sp. | 12-Deacetoxy MIC = 4 M Wonganuchitmeta
scalarin 19~ et al., 2004
acetate (36)

Brachiaster sp. | 12-Deacetyl-12- MIC = 16 M Wonganuchitmeta
epi-19-deoxysca et al., 2004

larin (37)

61




Table 1 (cont.)

Sources Names Structures Antitubercular activity References
Brachiaster sp. | 12-epi-19- MIC = 117 :M Wonganuchitmeta
Deoxyscalarin et al., 2004
(38)
Brachiaster sp. | Heteronemin MIC = 6 @M Wonganuchitmeta
acetate (39) et al., 2004
Brachiaster sp. | Manoalide-25- o MIC = T 1M Wonganuchitmeta
acetate (40) et al., 2004
| ©
HO., O
. S OAc
40

08




Table 1 (cont.)

Sources Names Structures Antitubercular activity References
Brachiaster sp. | (E)- Neomano MIC = 51 @M Wonganuchitmeta
alide 24,25~ et al., 2004
diacetates (41)
41
Brachiaster sp. | (Z)-Neomano OAe MIC = 3.0 uM Wonganuchitmeta .
alide 24,25~ et al., 2004

diacetates (42)

Hyrtios sp.

3-Acetylsestersta
tin 1 (43)

MIC = 6.25 ug/mL

Youssef et al.,
2005

1@




Table 1 (cont.)

Sources

Names

Structures Antitubercular activity References
Hyrtios sp. 16-epi-Scalaro} o MIC = 6.25 ug/mL Youssef et al.,
butenolide (44) OH O 2005
OAc
44
Hyrtios sp. Sesterstatin 7 MIC = 6.25 ug/mL Youssef et al.,

(45)

2005

44
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1.2 The scalarin-type sesterterpenes

Sesterterpenoids are a group of pentaprenyl terpenoid substances derived
directly from geranylfarnesyl diphosphate, Whereas the sources of sesterterpenes are
widespread, having been isolated from various groups of organisms including terrestrial
fungi, lichens, higher plants, and insects, the majority of sesterterpenes are of marine
origins, particularly from sponges. Sesterterpenoids exhibit diverse biological rproperties,
such as anti-inflammatory, cytotoxic, antifeedant, platelet—aggregation, and antimicrobial
effects (Dewick, 1997).

Despite being relatively the smallest class of terpenoid compounds, the
chemical structures of sesterterpenes are otherwise widely varied, ranging in term of
numbers of carbocyclic systems from non-cyclic to as high as tetra-carbocyclic core
skeletons. Among various groups of sesterterpenes, the scalarins, which are the focus of this
investigation, is possibly the most common and most extensively studied class.

Chemically, scalarin-type sesterterpencs possess tetracarbocyclic core
skeleton (Figure 2), occasionally with a furanoid extension attached to ring D. The
compounds are exclusively marine, found primarily in the sponges, especially of the family
Thorectidae. Certain scalarins were also reported from nudibranches, however with evident
association to the sponges reportedly containing related scalarin precursors (Hanson,
1992). Please note that, due to the inconsistency among related publications, the atom
numbering hereafter is referred to that shown in Figure 2 (Wonganuchitmeta et al., 2004).

To date, there have been up to more than 100 naturally occurring
scalarine—type sesterterpenes reported. These can be classified into two categories, namely

furanoscalarins and non-furanoscalarins (Tables 2 and 3).

Figure 2 Scalarane skeleton




Table 2 Biological sources and activities of furanoscalarin~type sesterterpenoids

24

Compounds Sources Activities References
Scalarin Cacospongia N/A Fattorusso et al.,
scalaris {sponge) 1972
Deoxoscalarin Spongia officinalis | N/A Cimino et al.,
(sponge) 1973
Heteronemin Heteronema erecta | Cytotoxic (IC,, 1.2 Kazlauskas et al.,

12-epi-Scalarin

Deoxoscalarin

12-epi-Deoxo

scalarin

Furoscalarol

Scalardysin A

Scalardysin B

(sponge)

Spongia nitens

(sponge)

Spongia officinalis

(sponge)

Spongia nitens

(sponge)

Cacospongia

mollior (sponge)

Dysidea herbacea

(sponge)

Dysidea herbacea
(sponge)

Jg/mL against KB);
Antitubercular (MIC
6.25 pg/ml. against
strain Hy Ra})

N/7A

N/7A

N/A

N/A

N/A

N/A

1976; Doi et al.,
1993; El sayed et
al., 2000;
Wonganuchitmeta

et al., 2004

Cimino et al,,

1979

Cimino et al.,

1977

Cimino ¢t al.,

1877

Cimino ef al,,

1978

Kashman et al.,

1979

Kashman et al.,
1979
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Compounds Sources Activities References
Scalarolide Spongia idea N/A Walker ef al.,
(sponge) 1980
Scalarafuran Spongia idea Cytotoxic (IC,, 7.2 Walker et al.,
(sponge) Hg/mL against KB) 1980;

23-Hydroxy-20-

methylscalarolide

12-Deacetyl-20-
methyl-12-epi-

deoxoscalarin

23-Hydroxy-20~

methyldeoxoscalarin

12-a-Acetoxy-
19,20~-epoxy-20-
hydroxy-20,22-

dimethy! scalarin

Heteronemin acetate

12-epi~

Heteronemin acetate

Chromodoris sedna
(nudibranch)}

Chromodoris sedna
(nudibranch)
Chromodoris sedna

(nudibranch)

Carteriospongia

foliascens (sponge)

Hyrtios erecta

(sponge)

Hyrtios erecta
(sponge)

N/A

N/A

N/A

Ichthyotoxic (LD, 40
mg/mL against

Lebistes reticulatus)

Cytotoxic (IC,, 6.4
Heg/ml, against MCF-
7); Antitubercular
(MIC 6.25 1M

against strain H,,Ra)

Cytotoxic (IC, 2.7
He/ml, against KB)

Doi ef al., 1993

Hochlowski and

Faulkner, 1983

Hocchlowski and

Faulkner, 1983

Hocchlowski and

Faulkner, 1983

Brackman et al.,
1985

Crews and
Bescansa, 1986;
Wonganuchitmeta
et al.,, 2004

Crews and
Bescansa, 1986;
Dot ¢t al., 1993
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Compounds Sources Activities References
Deoxoscalarin Spongia officinalis | N/A De Giulio et al.,
acetate (sponge) 1989
(-)-12-epi- Spongia officinalis | N/A De Giulio et al.,
Deoxoscalarin (sponge) 1989
24-Acetoxy-12- | Hyatella intestinalis | N/A Karoso et al.,
deacetyl-12-epi- | (sponge) 1989
deoxoscalarin
16-Deacetyl-12~ | Spongia officinalis | N/A De Giulio et al.,
epi-scalafuran (sponge) 1989
acetate
Phyllofolactone A | Phyllospongia N/A Zeng et al., 1991

foliascens (sponge)
Phyllofolactone B Phyllospongia N/A Zeng et al,, 1991
foliascens (sponge)
Phyllofolactone B Carteriospongia N/A Barron ¢t al.,
acefate foliascens (sponge) 1992

Phyllactone A

Phyllactone B

Phyllactone C

Phyllospongia

foliascens (sponge)

Phyllospongia

foliascens (sponge)

Phyllospongia

foliascens (sponge)

Cytotoxic (IC,, 20
Hg/ml against KB)

Cytotoxic (IC,, 20
Hg/mL against KB)

N/A

Fu et al., 1992

Fu et al.,, 1992

Fu et al,, 1992
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Compounds Sources Activities References

Phyllactone D Phyllospongia N/A Fu et al., 1992
foliascens (sponge)

Phyllactone E Phyllospongia N/A Fu et al., 1992
foliascens (sponge)

Phyllactone I Phyllospongia N/A Fu ef al., 1992
foliascens (sponge)

Phyllactone G Phyllospongia N/A Fu et al., 1992
foliascens (sponge)

12-0-Deacetyl Hyrttios sp. Nerve growth factor Doi et al., 1993

scalarin (sponge) synthesis-stimulating

Isoscalarafuran A

Isoscalarafuran B

12-0~Deacetyl

furoscalarol

12-epi-

Heteronemin

Spongia hispida
(sponge)

Spongia hispida
(sponge)

Hyrtios sp.
(sponge)

Hyrtios erecta

(sponge)

(concentration 30~

100 yg/mL)

N/A

N/A

Nerve growth factor
synthesis-stimulating
(concentration 30-

100 pg/mL)

N/A

Davis and Capon,
1993

Davis and Capon,
1993

Doi et al., 1993

Bourguet-
Kondracki ef al.,
1994
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Compounds

Sources

Activities

References

16-0-Deacetyl-
16-~epi-scalarol

butenolide
12~Deacetoxy-

21-acetoxyscalarin

12-epi-Acetylscala

rolide

19-Deoxyscalarin

16-Acetyl

furoscalarol

12-Deacetyl-12-
epi—19-deoxy

scalarin

Sesterstatin 1

Hyrtios erecta

(sponge)

Hyttios erecta

(sponge)

Cacospongia
scalaris

(sponge)

Cacospongia

scalaris (sponge)

Cacospongia
scalaris

(sponge)

Hyrtios erecta

(sponge)

Hyrtios erecta

(sponge)

Cytotoxic (IC,, 0.4
Hg/mL against P-
388)

Cytotoxic (IC,, 0.9
peg/mL against P-
388)

Cytotoxic (EDy, 1-2
Hg/mL against P--
388, Schabel, A-
549, HT-29 and
MEL-28)

N/A

Cytotoxic (ED,, 2.5~
10 pg/mL against P—
388, Schabel, A-
549, HT-29 and
MEL-28)

Cytotoxic (ED,, 2.9
Hg/mL against P-
388)

Cytotoxic (IC,, 0.46
fg/ml, against P-
388)

Ryu et al.,, 1996

Ryu et al., 1996

Rueda et al.,
1997

Rueda et al.,
1997

Rueda et al.,
1997

Pettit et al., 1998

Pettit et al., 1998
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Compounds Sources Activifties References
Sesterstatin 2 Hyrtios erecta Cytotoxic (IC,, 4.2 Pettit ef al., 1998
(sponge) Hg/mL against P-
388)

Sesterstatin 3

12-0-Desacetyl

furoscalar-16-one
12-0-Acetyl-16-
O-deacetyl-12,16
-epi~scalarol

butenolide

Phyllofolactones C

Phyllofolactones D

12-epi-Deoxoscala

rin-3-one

Deoxoscalarin-3-

one

Hyrtios erecta
(sponge)

Cacospongia sp.

(sponge)

Chromodoris
inornata

(nudibranch)

Phyllospongia

foliascens (sponge)

Phyllospongia

foliascens (sponge)

Chromodoris
inornata
(nudibranch)

Chromodoris

inornata

(nudibranch)

Cytotoxic (IC,, 4.3
Hg/mL against P-
388)

N/A

Cytotoxic (IC,, 2.4

Hg/mL against
L1210)

N/A

N/A

Cytotoxic (IC,, 6.6
Hg/mL against
L1210)

Cytotoxic (IC,, 0.95
He/mL against
L1210)

Pettit ef al., 1998

Cambie et al.,

1998

Miyamoto et al.,

1999

Fu ef al,, 1999

Fuetal, 1999

Miyamoto et al.,

1999

Miyamoto et al.,
1999
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21-Acetoxydeoxo | Chromodoris Cytotoxic (IC,, 0.35 | Miyamoto et al.,
scalarin inornata Mg /mL against 1999

(nudibranch) L1210)
21-Hydroxydeoxo | Chromodoris Cytotoxic (IC;, 4.1 Miyamoto ef al.,
scalarin inornata He/mL against 1999
(nudibranch) L1210)
12-Deacetoxy- Glossodoris Cytotoxic (25% of Fontana ef al.,
12-oxodeoxosca atromarginata mortality against 1999
larin (nudibranch) human thyroid
carcinoma)
12-Dacetyl-12- Glossodoris N/A Fontana et al.,
epi-deoxoscalarin atromarginata 1999
(nudibranch)
Hyrtiolide Hyttios erecta N/A Miyamoto et al.,
(sponge) 2000
16-Hydroxy Strepsichordaia N/A Miyamoto ef al.,
scalarolide aliena (sponge) 2000
Phyliofolactone H | Strepsichordaia N/A Jimenez ef al.,'
aliena (sponge) 2000
Phyllofolactone I Strepsichordaia N/A Jimenez et al.,
aliena (sponge) 2000
Phyliofolactone J Strepsichordaia N/7A Jimenez ¢f al.,

aliena (sponge)

2000




Table 2 (cont.)

31

Compounds Sources Activities References

Phyllofolactone K Strepsichordaia N/A Jimenez ef al.,
alicna (sponge) 2000

12-Deacetyl-23- | Glossodoris sedna N/A Fontana ef al.,
acetoxy-20- {nudibranch) 2000
methyl-12-epi-
deoxoscalarin
3-Acetylsesterstatin | Hyrtios erccta N/A Youssef et al.,
1 (sponge) 2002
19-Acetylsester— Hyrtios erecta N/A Youssef ef al.,
statin 3 (sponge) 2002
Salmahyrtisol B Hyrtios erecta N/A Youssef et al.,

12-O-Deacetyl

scalarafuran

12-0O-Deacetyl-

12-epi-scalarin

12-O-Acetyl-16-
O-methylhyrtiolide

(sponge)
Spongia sp.

(sponge)

Spongia sp.
(sponge)

Spongia sp.
(sponge)

Cytotoxic (IC,, 19.5
Hg/mL against
L1210)

Cytotoxic (IC,, 2.3~
15 pg/mL against
L1210, Hela, A549
and KB)

Cytotoxic (IC,, 2.2-
156.6 pg/mL against
1.1210, Hel.a, A549
and KB)

2002

Tsoukatou ef al.,

2003

Tsoukatou et ai.,

2003

Tsoukatou et al,,
2003
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16-Acetoxy-di- Cacospongia N/A Tsoukatou et al.,
hydrodeoxoscalarin | scalaris (sponge) 2003
12-a-0- Hyrtios erectus N/A Qiu ef al., 2004
Acetylhyrtiolide (sponge)

12-Deacetoxy

scalarin-19-acetate

Hyrtiosin A

Hyrtiosin B

Hyrtiosin C

Sesterstatin 6

Sesterstatin 7

Hyatelone A

Brachiaster sp.

(sponge)

Hyrtios erecta
(sponge)

Hyrtios erecta
(sponge)

Hyrtios erecta
(sponge)

Hyrtios erecta
(sponge)

Hyitios erccta

(sponge)

Hyatella

intestinalis

(sponge)

Antitubercular (MIC 4
MM against strain
H,Ra)

N/A

N/A

N/A

Cytotoxic {(ED;, 0.17
Jig/mL against P-388)

Antitubercular (MIC
6.25 pg/mL against M.

tuberculosis H,,Rv)

Cytotoxic (Gl,, 5.4-9.2
Hg/mL against MDA~
MB-231 and HT29)

Wonganuchitmeta
ef al., 2004

Yu ef al., 2005

Yu et al., 2005

Yu ef al,, 2005

Pettit ef al., 2005

Youssef et al.,
2005 |

Hernandez—
Guerrero ef al.,

2006
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Hyatelone B Hyatella intestinalis | N/A Hernandez-
(sponge) Guerrero ef al,,
2006
Hyatelone C Hyatella intestinalis | N/A Hernandez—
(sponge) Guerrero et al.,
2006
Hyatolide A Hyatella intestinalis | N/A Hernandez—
(sponge) Guerrero et al.,
2006
Hyatolide B Hyatella intestinalis | N/A Hernandez-
(sponge) Guerrero ef al.,
2006
Hyatolide E Hyatella intestinalis | N/A Hernandez~
(sponge) Guerrero ¢f al.,
2006
12 @~Acetoxy- Phyllospongia N/7A Li et al., 2007

20,24 -dimethyl-
16,24-dioxosca
lara-14,17~dien~
24-0l-25,24-

olide

papyracea (sponge)
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(12a,24R)-12- Phyllospongia N/A Lan et al., 2007
[(8-Hydroxypen— | papyracea (sponge)
tanoyl)oxy] 20,24
~dimethyl-25-
oxéscalara- 15,17~
dien—-25,24-olide
(12,248)-12- Phyllospongia N/A Lan et al., 2007

[(8-Hydroxypen-
tanoyl)oxy] 20,24
~dimethyl-25-
oxoscalara-15,17-

dien-25,24-olide

papyracea (sponge)

Note: N/7A = Not available
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Table 3 Biological sources and activities of non—furano scalarin-type sesterterpenoids

Compounds Saurces Activities References
Scalaradial Cacospongia mollior | Brine shrimp lethality | Cimino et al.,
(sponge) (LD,, 0.18 pg/mL); | 1974; De Rosa et
Fish antifeedant (MIC | al., 1994;
60 Jug/'cm2 against Fontana et al.,,
Carassius carassius); 2000
PLA, inhibiting (IC,,
0.6 uM)
Disidein Dissidea pellscens N/A Cimino et al.,
(sponge) 1975
12-epi-Scalaradial | Spongia nitens N/A Cimino et al.,
(sponge) 1979
12,18~Di-epi- Spongia nitens N/A Cimino et al.,
scalaradial (sponge) 1979
Scalarherbacin A Dysidea herbacea N/A Kashman and
(sponge) Zviely, 1979
Scalarherbacin B Dysidea herbacea N/7A Kashman and
{(sponge) Zviely, 1979
Scalarherbacin A Dysidea herbacea N/7A Kashman and
acetate (sponge) Zviely, 1979
Scalarherbacin B Dysidea herbacea N/A Kashman and

acetate

(sponge)

Zviely, 1979




Table 3 (cont.)

36

Compounds Sources Activities References
24—Mcthyi— 24,25~ | Phyllospongia spp. N/A Kashman and
dioxoscalar-16-en- | (sponge) Zviely, 1979
120-yl-3-hydroxy
butanoate
120-Acetoxy-24- | Phyllospongia spp. N/A Kashman and
methyl-24-oxo-sca | (sponge) Zviely, 1979
lara -16-en-25-al
12-Deacetyl- Spongia idea N/A Walker ef al.,
12,18-di-epi- (sponge) 1980
scalaradial
12-Deacetyl Cacospongia scalaris | Cytotoxic Yasuda and Tada,
scalaradial (sponge) (ED,, 0.58 ug/mL | 1981

against L-1210)
Foliaspongin Phyllospongin Antiinflammatory Kikuchi et al.,

Sednolide

Sednolide-23-

acetate

foliascens (sponge)

Chromodoris sedna

(nudibranch)

Chromodoris sedna
(nudibranch)

(18.1% inhibition at
concentration
10ug/disk utilizing
chrio~-allantoic
membrane of chick

embryo)

N/A

N/A

1983

Hocchlowski and

Faulker, 1983

Hocchlowski and
Faulker, 1983
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Hyrtial Hyrtios erecta Antiinflammatory Crews et al.,
(sponge) (439 decrease in ear | 1985; Crews and
weight of PMA Bescansa, 1986
induced inframmation
at concentration 50
Hg/ml)
12--16-5- Carteriospongia Ichthyotoxic Brackman et al.,
Diacetoxy-20,22~ | foliascens (sponge) | (LD, 20 mg/L 1985

dimethyl-20-o0xo~

19-norscalarane

12- - Acetoxy -
16--hydroxy-
20,22-dimethyl-
20-oxoscalar-19-

al

12-Deacetyl-12-

epi-scalaradial
12-Deacetyl-18-
epi-12-oxoscala

radial

Triacetyl disidein

6'—Chlorodisidein

Carteriospongia

foliascens (sponge)

Hyrtios erecta

(sponge)

Chromodoris
youngbluthi
(nudibranch)

Disidea pallescens

(sponge)

Disidea pallescens

(sponge)

against Lebistes

reticulatus)

Ichthyotoxic
(LD;, 5 mg/L against

Lebistes reticulatus)

N/A

N/A

N/A

N/A

Brackman et al.,
1985

Crews and

Bescansa, 1986

Terem and

Scheuer, 1986

Cimino ef al.,

1987

Cimino et al.,

1987
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Compounds

Sources

Activities

References

6’ -Brorodisidein

Phyllofoliaspongin

Dehydrofoliaspongin

Phyllofenone A

Phyllofenone B

12-Deacetoxy

scalaradial

18-¢pi-Scalaradial

Disidea pallescens

(sponge)

Phyllospongia

foliascens (sponge)

Phyilospongia

foliascens (sponge)

Phyliospongia

foliascens (sponge)

Phyllospongia

foliascens (sponge)

Cacospongia mollior

(sponge)

Cacospongia scalaris

(sponge)

N/A

Cytotoxic (849%
inhibitory at 5 ffg/mL
against P-388);
Antithrombocyte (IC,
2.35 pg/mL against

adenosine diphosphate)

N/A

N/A

Cytotoxic (IC,, 5
Hg/mL against P-388)

Fish antifeedant (MIC
30 ,ug/cmz against
Carassius carassius);
Brine shrimp lethality
(LD,, 0.77 pg/mL)

Cytotoxic (ED,, 0.2~

0.5 pg/mL against P-
388, Schabel, A-549,
HT-29 and MEL-28)

Cimino et al.,

1987

Kitakawa et al.,

1989

Kitakawa ef al.,

1989

Zeng et al,, 1991

Zeng et al., 1991

De Rosa et al.,

1994

Rueda et al.,
1997
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19-Dihydro Cacospongia scalaris | Cytotoxic (ED, 2- Rueda ef al., .
scalaradial (sponge) 2.5 pg/ml, against 1997

P-388, Schabel, A-
549, HT-29 and
MEL-28)
Norscalaral A Cacospongia scalaris | Cytotoxic (ED, 1 Rucda ef al.,
(sponge) -2 pg/mL against P- | 1997
388, Schabel, A-
549, HT-29 and
MEL-28)
Norscalaral B Cacospongia scalaris | Cytotoxic (ED,, 0.2~ | Rueda et al.,
(sponge) 0.5 pg/mL against 1997
P-388, Schabel, A-
549, HT-29 and
MEL-28)
Norscalaral C Cacospongia scalaris | Cytotoxic (EDy, 2 Rueda et al.,
(sponge) Hg/mL against P- 1997

25,26-Bishomo

scalarin

1 2~Deacctyl-A”-
hyral

Cacospongia scalaris

(sponge)

Hyitios erectus

(sponge)

388, Schabel, A~
549, HT-29 and
MEL-28)

N/7A

Antiproliferative

(1C,, 2.82 pg/mL
against KB)

De Rosa et al.,
1998

Miyaoka et al.,
1998
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Sources

Activities

References

Phyllofenone C

12-Deacetyl-23-
acetoxy-20-methyl

12-epi-scalaradial

16~ - Acetoxy-
20,24 -dimethyl-
12,24-dioxo-25-

norscalarane
12-f-Hydroxy-
20,24 -dimethyl-
13,18-0xa-25-

norscalarane

Mooloolabenes A

Mooloolabenes B

Mooloolabenes C

Strcp;icbordaia
aliena (sponge)

Glossodoris sedna

(nudibranch)

Phyllospongia
madagascarensis

(sponge)

Phyllospongia
madagascarensis

(sponge)

Hyattella intestinalis

(sponge)

Hyattella intestinalis

(sponge)

Hyattella intestinalis

(sponge)

N/A

Ichthyotoxic (0.1 ppm
against Gambusia
affinnis); Inhibited
PLA, (IC,, 18 zM)

N/A

N/A

Cytotoxic (IC,, 0.8
fg/ml, against P-
388)

Cytotoxic (IC;, 1.2
Hg/ml against P-

388)

N/A

Jimenez et al.,

2000

Fontana ef al.,
2000

Ponomaremko et

al., 2004

Ponomaremko et

al., 2004

Somerville et al.,

2006

Somerville et al.,

2006

Somerville et al.,

2006
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12~ Acetoxy~ Phyllospongia N/A Li et al., 2007
16-a-(3'-hydroxy | papyracea (sponge)
pentanoyloxy)-24-
oxoscalaran—-25- -
oic acid
12-a-Acetoxy- Phyllospongia N/A Li ef al., 2007
20,24-dimethyl- | papyracea (sponge)
24-oxoscalar-16-
en—25-3-oic acid
25-Nor-12-0- Phyllospongia N/A Liet al.,, 2007

acetoxy-20,24~
dimethyl-24-
oxoscalar—16-en-

18-5-ol

(12a,184)-12-
Acetoxy-16-
hydroxy-20,24-
dimethyl-25-nor
scalar-17-en-24-

one

papyracea (sponge)

Phyllospongia
papyracea (sponge)

Cytotoxic (IC,, 5
He/mL against P-
388)

Lan and Li, 2007

Note; N/A = not available
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1.3 Background and objectfives

Thai marine bioresoures, considered to be among the most diverse and most
abundant of the world, have long been recognized as one of the promising sources of new
drugs and biologically active agents, The investigation towards new drug discovery from
Thai marine natural products has been initiated, and various groups of biologically active
compounds are now investigated. Among these include the antitubercular sesterterpenes of
the scalarin family. Recently, one of the colleagues at Faculty of Pharmaceutical Sciences,
Prince of Songkla University, isolated a series of antitubercular scalarins, of which
heteronemin predominated as major components, from the sponge Brachiaster sp. In order
to gain an indepth knowledge towards the further development of such compounds, various
derivatives, obtained either from natural source or from chemical derivatization, are needed.
The objectives of this investigation are therefore as the followings;

1) to isolate the minor sesterterpene derivatives, namely the scalarin-
family, from the sponge Hyrtios sp.,

2) to medify the chemical structures of the scalarins, based on the main
skeleton of heteronemin, especially toward the functionalities presumably affecting the
biological activities, and

3) to determine the biological activities and the activity profiles of the

derivatives obtained according to (2).




CHAPTER 2
EXPERIMENTAL

2.1 General

Unless stated otherwise, all chemicals are used as purchased. All solvents

for general purposes and chromatography were commercial grade and were re-distilled prior

®
to use. Thin layer chromatography (TLC) was performed on Merck  pre-coated silica gel

60 F,;, plates (0.20 mm thickness). Chromatographic separations were petforimed over the

columns of SiO, 60 (Merck®; particle size 0.04-0,06 mm), Visualization was done with
observation under UV light (254 nm), and with vanillin spraying reagents (dark spot on
white background). Melting point was recorded on a Fisher-Johns melting point apparatus,
and was uncorrected. Optical rotations were measured on a Jasco P-1020 polarimeter
(Department of Chemistry, Faculty of Science, Prince of Songkla University). Ultraviolet
spectra were recorded on a Specord S 100 (Analytikjena) and UV-160A
spectrophotometer (Shimadzu), Principle bands (4__ ) were recorded as wavelengths (nm)
with log & in methanol solutions, Infrated spectra were recorded on an FIS FI-IR
spectrophotometer, and major bands (V) were recorded in wave number (cm™). 'H and “°C
NMR spectra were recorded on an FT-NMR, Varian® Unity Inova 500 spectrometer
(Germany). Chemical shifts are recorded in patts per million (& ) relative to the solvent
signals of either CyD, (7,15 ppm of residual C,D;H for '"H NMR, and 128.0 ppm for °C
NMR) or CDCl, (7.26 ppm of residual CHCI, for 'H NMR, and 77.0 ppm for Be
NMR). The EI-MS and ESI-TOF-MS were performed using a MAT 95 XL and
Micromass LCT mass spectrometer, respectively.

For the chemical reactions, CH,Cl, was distilled over calcium hydride to
4A molecular sieve, THF was distilled over sodium-benzoquinone to 4A molecular sieve,
MeCN was distilled over calcium hydride to 4A molecular sieve, and pyridine was distilled
over NaOH to NaOH pellets. All chemical reactions were conducted under dried nitrogen
atmosphere in oven-dried, flame-dried vessels, using either oven-dried or seal-tight

disposable glassware.
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2.2 Animal material

The sponge Hyitios sp. (Figure 3) was collected using SCUBA at the depth
of 15-20 metres, from Koh-Tao, Surat-Thani Province, Thailand, (10° 07 569" N; 99°

48.665' E) in May, 2005. The sponge material was frozen immediately and kept frozen
at —20 °C until extraction. The sponge was identified as Hyrtios sp. (class Demospongiae,
order Dictyoceratida, family Thoractidae) by Dr. Somchai Bussarawit of the Phuket Marine
Biology Center, Phuket, Thailand. The texture of the sponge is firmly incompressible with a
dense, spongy interior, Some fine white fibres are apparent macroscopically. The surface is
slightly glossy with fine conules close together. The colors were black-brown exterior and
dark-brown interior. Primary and secondary fibres are cored with detritus. The primary
fibres are fasciculate under the conules, up to 0.25 cm wide. Some secondary fibres, 0.05
em wide, are not cored. The voucher specimen (PMBC 24608) was deposited at the

Phuket Marine Biology Center, Phuket, Thailand,

Figure 3 The sponge Hyrtios sp.




45

2.3 Bioactivity determination
2.3.1 Antitubercular activity

The antitubercular activity was assessed against Mycobacterivm fuberculosis
H,,Ra  (non-virulent strain) using the microplate alamar blue assay (Collins and
Franzblau, 1997) with the service provided by the Central Bioassay Lab, National Center
for Genetic Engineering and Biotechnology (BIOTEC), Pathumthani. Initial sample
dilutions were prepared in DMSO, and subsequent two-fold dilutions, starting from 200
Hg/mL, were performed in 0.1 mL of THIGC in the microplate. BACTEC 12B-passaged
inocula were initially diluted two fold in TH9GC, and 0.1 mL of this inoculum was added
to each well. Subsequent determination of bacterial titers yielded 2.5 x 10° CFU/mL in
plate wells for Hy,Ra. Frozen inocula were initially diluted 20 fold in BACTEC 12B
medium followed by a 50 fold dilution in 7H9GC, Addition of 0.1 mL to wells resulted in
final bacterial titer of 5 x 10" CFU/mL. Additional control wells consisted of bacteria only
(B) and medium only (M). Plates were incubated at 37 °C. Starting on day 4 of
incubation, 20 L. of 10% alamar blue solution and 12.5 ul of 20% Tween 80 were
added to one B well and one M well, and plates were reincubated at 37 °C. Wells were
observed at 12 and 24 hours for a color change. from blue to pink. If the B wells became
pink within 24 hours, alamar blue reagent was added to the entire plate. If the wells
remained blue, additional M and B wells were tested daily until a color change occurred, at
which time the reagents were added to all remaining wells. Plates were then incubated at 37
°C and resulted colors were recorded at 24 hours post-reagent addition. For the positive
control, isoniazid, rifampicin, and kanamycin surfate were used as standard drugs. The
MICs of agents in the test system were 0.02, 0.04, and 2.58 4M, respectively. Visual
MICs were defined as the lowest concentration of samples that prevented a color change

from blue to pink.
2.3.2 Cytotoxic activity
The cytotoxic determination was kindly supported by Assist. Prof. Dr.

Supreeya Yuenyongsawad of Department of Pharmacognosy and Pharmaceutical Botany,

Faculty of Pharmaceutical Sciences, Prince of Songkla University, The cell line utilized as
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the targeted cell line in this test was MCF-7 (breast adenocarcinoma). The
sulphorhodamine B (SRB) assay was used in this study to assess growth inhibition. The
following protocol is modified from that originally described by Skehan ef al (1990).

For the assay, monolayered culture in a 96-well microtiter plate (2 x 10°
cells/well) was treated with a serial dilution (at least five concentrations) of each sample in
suitable culture medium. All the plates were incubated according to the reported condition
for seven days, at the midway of which time the medium was refreshed once (exposure
time 72 hours). On the seventh day of culture period, ice-cold 40% trichloroacetic acid
(TCA) was added to each well. The plates were washed five times with water. The TCA-
fixed cells were stained for 30 min with 0,4% SRB in 1% acetic acid, The plates were
washed five times with 19 acetic acid and allowed to dry overnight. Once dried, bound dye
was dissolved with 10 mM Tris base for 20 min on a gyratory shaker. Survival percentage
was measured via the intensity of the resulted purplish-pink color at 492 nm (Power Wave
X plate reader). The IC,, values were calculated from the dose-response curves and

referred to that of standard camptothecin (Aldrich, IC,, toward MCF-7 0.72 nM).
2.4 Isolation and purification

The sponge Hyrtios sp. was collected in April 2005. The freeze-dried
sponge (101 g) was crushed and macerated exhaustively (3 L. x 5) in methano! to yield a
crude extract after evaporation of the solvent in vaccuo. The crude extract was partitioned
with the procedure modified from Kupchan and Tsou (1973), and hexane-, CH,ClL,~ and
n~BuOH-soluble materials were obtained (2.60 g, 2.57%; 4.29 g, 2.25%,; 6.01 g,
5.95%, respectively). The hexane— and CH,Cl,-fractions, which exhibited antitubercular
activity against Mycobacterium tuberculosis H,,Ra, both with MIC of 26 ug/ml, were
chosen for the isolation of the bioactive compounds. '

The hexane-fraction (2.60 g) was separated using the quick
chromatographic technique over a column of SiO, (hexane:EtOAc:acetone 7:2:1).
Fractions ivith similar chromatographic pattern were combined to yield three main fractions.
The first fraction was recrystallized from hexane:EtOAc mixture (5:1) to afford compound
1 (817 mg, 12.2% of hexane fraction), which was identified to be heteronemin. The

second fraction (48 mg) was subjected to the silica gel column chromatography (1.2 x 40
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cm) and eluted with hexane-FtOAc gradient from (7:3 to 5:5) to yield compound 46 (5
mg; 0.2% of hexane fraction).

The CH,Cl, fraction (4.29 g) was fractionated using the quick
chromatographic technique over a column of SiO, (hexane!EtOAc:acetone 7:2:1).
Fractions containing compound 1 as major component were all combined, and were

subjected to a recrystallization process to yield 1 (1.08 g; 20.3% of CH,Cl, fraction).

2.5 Chemical characteristics

Heteronemin (1). White needles, mp: 180-181 °C, [a],: ~39.1° (¢ = 0.11, CHCL);
UV (MeOH) A (log &) 216 (3.65) nm; IR (neat) v, 3490, 1742, 1236 em’
HREIMS: m/z [M] 428,2838 (caled for C,,H,0,, 428.2927); ‘H and "C NMR
(C D, 500 MHz for 'H), see Table 5.

12-epi-Deacetyl-1 9 a~acetoxy-20 a-methoxyscalaran (46). White solid; [o],: +7.1°
(c = 0.21, CHCL); UV (McOH) A__ (log &) 208 (4.47), 218 (4.45) nm; IR (neat)
v 3444, 1734 cm ; HRESIMS: m/z {M+Na]' 483.3071 (caled for C,,H,,O;Na,

max

483.3087); 'H and "*C NMR (CDCl,, 500 MHz for 'H), see Table 4.

Heteronemin acetate (39), Acetylation of 1 (30 mg; 0.061 mmol) was accomplished
using standard acetylation condition; i.e., stiring with Ac,0 (2 mL; 21.2 mmol) in
pyridine (1 mL) at room temperature for 18 h. The mixture was purified over a SiO,
column (EtOAc:hexane 3:7) to yield 39 (26 mg; 79%). White solid; [a],: -155.9° (¢
= 0.32, CHCL); UV (MeOH) A, (log &) 212 (4.48) nm; IR (neat) v__ 1741, 1237,
1023 cm”'; HRESIMS: m/z {M+Na]' 553.3121 (caled for C,,H,,0,Na, 553.3142); 'H
and "'C NMR (C,D,, 500 MHz for 'H), scc Table 11. '

1 2-Deacetyl-12-epi-scalaradial (47). To the ice-cold solution of 1 (850 mg; 0.717
mmol) in MeCN (15 mL) was added BF,*OEt, (180.97 gL; 1.434 mmol) and a few

drops of water. The solution was stirred at 0 °C for 1 h, at which time NaHCO, solution
was added., The mixture was extracted with EtOAc (50 mL x 3) and purified over a Si0,
column (acetone:EtOAc:hexane 1:2:7) to yield 47 (267 mg; 96%), along with 48 as
minor component (4 mg; 3%). White solid; {o],: +15.5° (¢ = 0.13, CHCl,); UV
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(MeOH) A (log &) 225 (4.56) nm; IR (neat) v, 1745, 1704, 1233 cm’;
HREIMS: m/z [M]' 386.2818 (caled for C,H,,0,, 386.2821); 'H and °C NMR
(C,D,, 500 MHz for 'H), see Table 6.

12-Deacetyl-12,18-di-epi-scalaradial (48). White solid; [a],: +172.6° (¢ = 0.15,
CHCL); UV (MeOH) 4, (log &) 226 (3.86) nm; IR (neat) v, 1732, 1718, 1264
em’’; HREIMS: m/z [M]' 386.2808 (caled for C,,H,,0,, 386.2821); 'H and "'C NMR
(C.D,, 500 MHz for "H), sce Table 7. '

12-Deacetyl-12-epi-deoxoscalarin (49). To a solution of 47 (38 mg; 0.0984 mmol)
in THF (10 mL) was added LAH (2.0 M in THF, 0.6 mL; 0.590 mmol). The mixture
was refluxed for 1 h. The solution was cooled in ice, and the reaction mixture was
quenched with EtOAc (20 mL), which was added dropwise with vigorous stirring,
followed by the addition of 10 mL of H,0. The mixture was purified over a SiOZ_chumn
(EtOAc:hexane 3:7) to yield 49 (4 mg; 11%). White solid; [al,: +77.0° (¢ = 0.17,
CHCL); UV (MeOH) A, (log &) 207 (3.88), 224 (3.69), 273 (8.24) nm; IR (neat)
v 3400, 1453, 1394 cm_l; HRESIMS: m/z [M+Na]’ 411.2866 (calcd for

max

C,.H,,0,Na, 411.2875); 'H and "°C NMR (C,D,, 500 MHz for 'H), see Table 8.

12-Oxoheteronemin (50). To the suspended PCC/SiO, (1:1; 43 mg, 0.204 mmol of
PCC) in CH,Cl, (6 mL) was added 1 (50 mg, 0.102 mmol). The reaction mixture was
stirred at room temperature for 2.5 h, and the resulting brown suspension was filtered by
mean of celite, then washed with Et,O (50 mL). The purification was done by means of
Si0, column chromatography (acetone:EtoActhexane 1:2:7) to yield 50 (49 mg; 98%).
White solid; [al,: +2.4° (¢ = 0.15, CHCL,); UV (McOH) 4_,, (log £) 220 (4.41) nm;
IR (neat) v 3485, 1736, 1242, 752 cm ' HREIMS: m/z [M-C,H,0,]' 426.2788
(caled for C,,H,,0,, 426.2770); 'H and “°C NMR (C,D,, 500 MHz for 'H), sce Table
9.

12-Deacetyl-12-oxoscalaradial (51). The oxidation of 47 (30 mg; 0.130 mmol) was
accomplished using the similar protocol as described for 50. The purification was done
over a SiO, column (acetone:EtOActhexane 1:2:7) to yield 51 (26 mg; 879 ). White
solid; [adg: +90.2° (¢ = 0.12, CHCL); UV (MeOH) A, (log &) 223 (5.02) nm; IR
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(neat) v, 1702 cm "y HREIMS: m/z [M]" 384.2668 (caled for C, H,,0,, 384.2664);
'H and °C NMR (C,D,, 500 MHz for 'H), sce Table 10.

1 2-epi-Scalaradial (52). Acetylation of 47 (23 mg; 0.0596 mmol) was accomplished
using standard acetylation condition, i.e., using Ac,0 (2 mL) in pyridine (1 mL) at room
temperature for 18 h. The mixture was dried under reduced pressure. After the usual
workup, the reaction mixture was purified over a SiO, column (EtOAc:hexane 3:17) to
yield 52 (8 mg; 319%). White solid; [¢],: +46.5° (¢ = 0.28, CHCL,); UV (MeCH) A _,
(log £) 210 (8.14), 223 (3.18) nm; IR (neat) v, 1735, 1241 cm™'; HRESIMS: m/z
[M+Nal' 451.2837 (caled for C,,H,0,Na, 451.2877); 'H and "C NMR (C,D,, 500
MHz for 'H), see Table 12.

Pyrolysis of 1. Dry portion of 1 (30 mg, 0.061 mmol) was placed under a dry nitrogen
atmosphere and exposed to the 220 °C temperature for 2,5 min, The vessel was then
allowed to cool to room temperature, and the mixture was purified over a SiO, column
(EtOAc:hexane 1:4) to yield compounds 53, 54 and 48 (4 mg, 16%, 2 mg, 8% and 4,
179, respectively).

Scalarafuran (53). Whitc solid; [a],: +8.6° (c = 0.21, CHCL); UV (MeCH) 4, (log
£) 206 (3.50), 278 (2.90) nm; IR (neat) v, 1457, 1265 cm '; HREIMS: m/z [M]’
428.2965 (caled for C,,H,,0,, 428.2986); 'H and °C NMR (C,D,, 500 MHz for 'H),
see Table 13.

16-~Deacetoxy-15,16-dehydroscalarafuran (54). White solid; [¢],: +15.3° (¢ = 0.21,
CHCL,); UV (MeOH) A__ (log &) 208 (3.41), 218 (3.44), 273 (2.46) nm; IR (neat)
v 3443, 1735, 1046 cm’'; HREIMS: m/z [M]' 368.2710 (caled for C,H,0,,
368.2715); 'H and °C NMR (C,D,, 500 MHz for 'H), see Table 14.




CHAPTER 3
RESULTS AND DISCUSSION

The investigation reported in this thesis is aiming toward the establishment
of chemical library for the marine~derived sesterterpenes, namely the scalarin derivatives.
The activity profiles that are the focal points of this report included the antitubercular
activity and cytotoxicity. The sources of the targeted compounds are both the natural
products from the sponge Hyrtios sp., and the derivatized products using heteronemin as
starting material. The discussion in this chapter, therefore, will be presented in three main
parts; the isolation and structure determination of the natural products, the derivatization of

the sesterterpenes, and the structure—activity relationship of the scalarin derivatives.
3.1 Isolation and structure elucidation
3.1.1 Isolation

The Thai sponge, Hyrtios sp. was collected at the depth of 15-20 metres,
from Koh-Tao, Suratthani Province, Thailand, in May, 2005. The specimen was extracted
with MeOH exhaustively (3 L x 5), then partitioned with organic solvents to yield
hexane—, CH,CL,- and n-BuOH-soluble materials (2.6, 4.3, and 6.0 g, respectively).
The hexane extract was fractionated, and the major active compound, heteronemin (1),
was obtained (817 mg), along with a new compound, 12-epi-deacetyl-19a—acetoxy-
20-methoxyscalaran (46) (5 mg). The CH,Cl, fraction was subjected to the

chromatographic isolation to yield heteronemin (1) as the major component (1.08 g).

50
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3.1.2 Structure elucidation
3.1.2.1 12-epi-Deacetyl-19 a-acetoxy~20 a-methoxyscalaran (46)

Compound . 46 was obtained as white amorphous solid (5 mg) from the
hexane-soluble material using the chromatographic technique over a SiO, column (hexane-

EtOAc gradient from 7:3 to 5:5).

Compound 46 has a molecular formula of C,;H,,O, as established by
means of the ESI mass spectrum, which shows a molecular ion peak at m/z 483
(IM+Na]"). This was confirmed by the high resolution ESI mass spectrum, which also
showed a peak of [M+Na] at 483.3071 (caled for C,H,O,Na 483.3087). The
proposed molecular formula requires the unsaturation degree of 7, one of which is a
carbonyl, and another is an olefin; therefore five rings are needed. The infrared absorptions
at v 3444 and 1734 cm™' are consistent with the presence of the hydroxyl and ester
carbony! functionalities. The UV spectrum shows the maximal absorption at 4 208 nm (log
£4.47).

The '"H NMR spectrom of 46 (Table 4, Figure 4) exhibited five aliphatic
methyl singlets (5 0.69, H-25; 0,74, H-22; 0,78, H-21; 0.78, H-23 and 0.83, H-
24), one methoxy group (& 3.32, s, 3H; H-28), one acetate methyl (& 2.04, s, 3H; H-
27), one olefinic proton (& 5.79; H-16) and two acetal protons (J 5.09; H-20, and
6.45; H-19, respectively), along with multiplet methylene signals, integrated to belong to
14 protons. The ®c NMR spectrum (Table 4, Figure 5) revealed 28 carbons, including
one methoxy group (& 54.6), one ester carbonyl (5 171.0), six quarternary carbons, eight
methines, seven methylenes, and six methyls, accounted for 43 hydrogen atoms; one
exchangeable proton as a hydroxyl group, therefore, complemented the proposed molecular
formula.

Interpretation of 'H-"H COSY cross peaks in the aliphatic methylene region
led to four partial structures, including fragment A [& 0.81 (m, H-1ax), 1.56 (m, H-
leq), 1.29 (m, H-2ax), 1.45 (m, H-2eq), 1.07 (m, H-3ax) and 1.24 (m, H-3eq)];
fragment B [5 0.72 (dd, J = 14.0, 2.0 Hz, H-5), 1.26 (m, H-6ax), 1.40 (m, H-6eq),
0.85 (m, H-7ax) and 1.51 (m, H-7eq)]; fragment C [§ 0.86 (m, H-9), 1.33 (m, H-
1lax), 1.64 (m, H-11eq) aﬁd 3.38 (dd; J = 12.0, 4.5 Hz, H~12)]; and fragment D [§
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Figure 4 *°C NMR spectrum of compound 46 (CDCl,; 125 MHz)
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Figure 5 'H NMR spectrum of compound 46 (CDCl,; 500 MHz)
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1.15 (dd; J = 11.0, 5.5 Hz, H-14), 1.95 (m, H~15ax), 2.08 (m, H-15¢q) and 5.79
(dd; J = 6.5, 3.0 Hz, H-16)] as shown below. The assignments of axial and equatorial
orientations as stated were carried out by means of the coupling constant analysis, along
with the observation for the chemical shift of each signal. The axial proton, shielded by the
1,3-diaxial repulsion, is gencrally found at a comparatively higher—fielded chemical shift
than that of its equatorial counterpart (Crews and Bescanza, 1986).

The remaining resonances, which include those of an acetal proton at &
6.45 (d; J = 3.0 Hz, H-19) coupled to a methine signal at § 2.61 (t; J = 3.0 Hz, H-
18), a methine proton at § 5.09 (s, H-20), and disubstituted olefinic carbon at & 135.8
(C-17), belonged to the y-oxygenated lactol. An acetoxy group (&, 171.0, C-26; §,
2.04, s, 3H; H~-27) was placed at C~19 based on the HMBC data. This structure part is

shown as fragment E,

o r 12 20
20N nane 14 | %18 OMe
3(; ‘“ffl’\a)7 éé; 2)14\1516 17

A B C D E

The crucial HMBC correlations (Figure 6) included those from C-3, C-4,
and C-5 to H~21 and H-22; from C-1, C-9, and C-10 to H-23; from C-8, C-93, and
C-14 to H-24; from C-13 and C-14 to H-25. Thus, the tetracarbocyclic moiety (rings
A-D) was linked together., The HMBC correlations from C-20 to H-16 and from C~18
to H-14, H-16, and H~25 indicated that fragment E fused to ring D at C-17 and C-18.
The structure of 46 was therefore proposed as 12-epi-deacetyl-19a-acetoxy-200-

methoxyscalaran, a new member of scalarane sesterterpenes, as shown.

Figure 6 Chemical structure of 46 with crucial HMBC correlation (C — H).
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The conformation of tetracarbocyclic ring system of 46 was determined via
a close observation of the '"C chemical shifts of ring junction methyls, i.e., C~23 (&
16.5), C-24 (5 17.3) and C-25 (& 8.8), respectively. On the basis of the observation of
B¢ shifts in the models by Crews and Bescansa (1986), ring junction methyls on frans-
fused ring in a chair conformation are shielded (thus resonating at as low frequency as 20
ppm or lower) relative to those on frans-fused ring in a boat conformation and cis-fused
ring of both conformation. Thus, the conformation of rings A, B and C was assigned as all
trans. Consequently, H-5, H-9 and H-14 are all assigned as « and axial protons.

The configuration of C-18 was assigned on the basis of coupling constant
analysis and were confirmed by the nOe observation (Figure 7). Allylic coupling between
H-18 and H-16 (J = 3.0 Hz) suggested an axial orientation at H-18 (Pretsch et al.,
1989). Nuclear Overhauser enhancements among H-12, H-14 and H-18 indicated that
all the three protons resided on the same ¢ plane, all also in the axial orientation. A small
enhancement at H-20 upon irradiation of H~19 also indicated that the two protons resided
on the same plane. In order to propose the possible configuration of either protons, MM2
calculations of two possible conformers (Figure 8) were carried out. The major difference
affecting the NMR spectrum of 46 was observed at H-20. Whereas conformer A, in which
H-20 was at the « orientation, provided an approximately 154° allylic angle, that of
conformer B, with the 20/ orientation was rather close to 72°. Based on the absent allylic
coupling between H-16 and H-20, which suggested the allylic angle close to 90°, the
orientations of H-20 and H-19 were therefore proposed to be £ as seen in Figure 8b. The
absolute configuration as shown here was presumed to be coherent to that of heteronemin

(see 3.1.2.2).

Figure 7 Selected nQe correlations of compound 46
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Figure 8 MM2-calculated conformers of 46; (a) with 18¢, 20~ and (b) with 19/,

200- orientations
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Table 4 'H and C NMR spectral data and HMBC correlation of compound 46 (CDCL;
500 MHz for 'H)

positions H (mult.; J in Hz) ¢ (muit.)  HMBC correlation (C—> H)
1eq 1.56 (m) 39.9 (CH,)  H-5, H-23
ax 0.81 (m)
2 eq 1.45 (m) 18.0 (CH,) H-1
ax 1.29 (m)
3eq 1.24 {(m) 41.3 (CH,) H-1, H-21, H-22
ax 1.07 (dt; 8.5, 13.0)
4 - 33.3 (C) H-21, H-22
5 0.72 (dd; 14.0, 2.0)  56.4 (CH)  H-1, H-7, H-21, H-22, H-
23
6 cq 1.40 (m) 18.5(CH,) H-5
ax 1.26 (m)
Teq 1.51 {m) 42.0 (CH,) 11-9, I-24
ax 0.85 (m)
8 - 37.3 (C) H-6, H-7, H-9, H-11, H-
14, H-24
9 0.86 (m) 58.6 (CH)  H-5, H-11, H-23, H-24
10 - 37.5 (C) H-1, H-2, H-6, H-9, H~
11, H-23
11 eq 1.64 (m) 27.6 (CH,)  H-9
ax 1.33 (m)
12 3.38 (dd; 12.0, 4.5)  80.5(CH)  H-9, H-25
13 - 39.2 (O) H-11, H-14, H-25
14 1.15 (dd; 11.0,5.5)  53.1(CH)  H-9, H-24, H-25
15¢q  2.08 (m) 22.4 (CH,) H-14
ax 1.95 (m)
16 5.79 (dd; 6.5, 3.0)  121.8 (CH)  H-20
17 - 135.8 (C) H-18, H-20
18 2.61 (t; 3.0) 56.8 (CH) H-14, H-20, H~25
19 6.45 (d; 3.0) 99.6 (CH)  H-20, H-27
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Table 4 (cont.)

positions 'H (mult.; J in Hz) ¢ (mult.)  HMBC correlation (C — H)
20 5.09 (s) 104.6 (CH) H-19, H-28

21 0.78 (s; SH) 33.2 (CH,)  H-8, H-5, H-22

22 0.74 (s; 3H) 21.3 (CH,)  H-3, H-5, H-21

23 0.78 (s; 3H) 16.5 (CH,)  H-9

24 0.83 (s; 3H) 17.3 (CH,)  H-7,H-9, H-14

25 0.69 (s; 3H) 8.8 (CH,) H-14

26 - 171.0 (C) H-19, H-27

27 2.04 (s; 3H) 21.3 (CH,) = -

28 3.32 (s; 3H) 54.6 (CH,)  H-20

3.1.2.2 Heteronemin (1)

Compound 1 was cystallized as white needles from the mixture of
hexane:EtOAc (5:1). The molecular formula of 1 was proposed to be C,H,O, as
observable in the EI mass spectrum, which showed a molecular peak at m/z 428 [M]*,
along with 44 protons and 29 carbons seen in the NMR spectra (Table 5). The proposed
molecutar formula was confirmed by the molecular peak at m/z 428.2938 in the HREI
mass spectrum (caled for C,H,,0, 428.2927). Accordingly, the resulting degree of
unsaturation of 8 was determined as two carbonyls, an olefin, and five ring systems. The
major absorption band in the IR spectrum at 3490 cm ' was assigned to the hydroxyl
group, whereas those at v 1742 and 1236 cm ' were assigned to the cster functionality.
The UV spectrum shows the absorption maximum at 4 216 nm (log £ 3.65).

The *°C NMR spectrum (Figure 10) displayed 29 carbons including those
of two ester carbonyls at 8 170.6 (C-26) and 169.4 (C-28), and a trisubstituted olefin
composed of two carbons at & 135.9 (C-20) and 101.8 (C-19). The 'H NMR spectrum
of 1 (Figure 11) displayed five fertiary methyl groups at & 0.98 (H-25), 0.89 (H-21),
0.79 (H-22), 0.67 (H-23), and 0.60 (H-24), and two methyls of acetyl groups at & 1.69
(H-29) and 1.67 (H-27).

The 'H,"H COSY spectrum of 1 indicated that the fragments similar to A,
B and D of compound 46 were to be constructed. Fragment C, ie., C-14 - C-16,
differed from that of 46 in that a carbonol carbon (& 69.6, C-16) replaced the olefinic




|IJlﬁl;[llll]|_|—l-_ITF_.F1F]ITIITIITI1IlnlIlIl1T1|Il]lJlL‘[IiﬁTiillx‘i]T-|{|I.|];|‘|1,xlls.|1;||

1610 140 120 16t 80 60 40 2t ppm

Figure 9 °C NMR spectrum of compound 1 (C,D,; 125 MHz)
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Figure 10 ‘H NMR spectrum of compound 1 (C,D,; 500 MHz)
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one formerly seen in 46. Similar HMBC correlations, i.e., from C-14 to H-7, H-15, H~
16, H-18, H-24 and H-25, and from C-16 to H-20, H-18 and H-29, helped
connecting rings A-D of 1. The extension of C-17 to C-20 via an allylic coupling (J =
2.5 Hz) between H-16 and H-20 (& 6.25) led to the connection toward ring E, which
- was composed of an acetal carbon at & 101.8 (C-19), and a methine at § 64.3 (C-18).
By comparison of the 'H and °C spectral of 1 with the previously reported data, compound
1 was proposed to be heteronemin (Kazlauskas et al., 1976; Crews and Bescansa, 1986;
Wonganuchitmeta et al., 2004). The absolute configuration as shown was proposed after
that in Kazlauskas et al. (1976).

Table 5 'H and "°C NMR spectral data of compound 1 (CyD,; 500 MHz for "H)

positions 'H (mult.; J in Hz) ¢ (mult.)

1eq 1.52 (m) 40.0 (CH,)
ax 0.59 (m)

2 eq 1.31 (m) 18.3 (CH,)
ax 1,10 (m) )

3 eq 1.39 (m) 42.4 (CH,)
ax 1.14 (m)

4 - 33.3 (C)

5 0.63 (dd; 8.5, 3.5) 56.4 (CH)

6 eq 1.37 (m) 18.9 (CH,)
ax 1.565 (m)

7 eq 1.41 (m) 41.6 (CH,)

ax 0.51 {m)
8 - 37.4 (C)
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positions 'H (mult.; J in Hz) B¢ (mult.)
9 0.49 (m) 58.4 (CH)
10 - 38.0 (C)
11 eq 1.50 (m) 27.5 (CH,)
ax 1.25 (m)
12 3.19 (dd; 11.5, 4.1) 80.5 (CH)
13 - 42.8 (O)
14 0.54 (dd; 11.0, 2.0) 54.4 (CH)
15 eq 2.03 (ddd; 12.0, 6.0, 2.0) 28.3 (CH,)
ax 1.35 (m)
16 5.12 (ddd; 10.5, 6.0, 2.5) 69.6 (CH)
17 - 114.7 (C)
18 2.39 (br s) 64.3 (CH)
19 7.18 (d; 1.5) 101.8 (CH)
20 6.25 (dd; 2.5, 1.5) 135.9 (CH)
21 0.89 (s; 3H) 33.5 (CH,)
22 0.79 (s; 3H) 21.4 (CH,)
23 0.67 (s; 3H) 16.4 (CH,)
24 0.60 (s; 3H) 17.4 (CH,)
25 0.93 (s; 3H) 9.0 (CH,)
26 - 170.6 (C)
27 1.67 (s; 3H) 20.8 (CH,)
28 - 169.4 (C)
29 1.69 (s; 3H) 20.5 (CH,)
12-0OH 2.91 (brs) -

3.2 Chemical derivatization of marine-derived scalaranes

As postulated by Crews and Bescansa (1986), the activity of heteronemin

(1) was influenced by the oxygenation pattern surrounding rings C, D, and E. In order to

extend the chemical library and to establish an activity profile of the scalarins, a series of

scalarin derivatives were synthesized using heteronemin as starting material. Primary
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transformations were focused on the furan moicty and the oxygenated functionalities on C-

12 and C-16, All the transformations are summarized in Scheme 1.

OAc CHO

Scheme 1 Summarized chemical transformations of scalarin derivatives.
3.2.1 Hydrolytic cleavage of furanol acetate

Among the first attempts to modify the chemical structure of heteronemin
was the manipulation of the acetoxy groups on C-16 and C~19, namely towards a more
casily transformable hydroxyl ones. Unfortunately, the acetal moiety of 1 proved to be too
labile to most chemical transformation, including sapenification and transesterification
(Scheme 2). Surprisingly, the compound however cleanly underwent the hydrolytic
cleavage with BF,*OEt, in wet MeCN (Askin et al.,, 1987), and the dialdehyde 47
(969%) was obtained, along with the epimeric 48 (8%) as traced minor product (Scheme
3). Due to the cleanliness and high yield, 1 and 47 were hereafter used as major platforms

for the further transformations.
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a) KGOy &0 //
b) NaCN,H,0 //

BF4-OEt,, MeCN

0°C,1h,

(96%}) (3%)

Scheme 3 Hydrolytic cleavage of 1

To manipulate the polarily of the dialdehyde 47, hydride reduction with
LAH was carried out (Kuehne et al., 1988). Instead of the expected triol (56), however,
a re-cyclized lactol 49 was obtained (11%; Scheme 4). The configuration of the furanol

moiety was proved by means of nOe, as expected to be dictated by Cram’s rule.
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THF, A

a7 49 (11%)

Scheme 4 Reduction of 47
3.2.1.1 1 2—Deacétyl—1 2-epi-scalaradial (47)

Compound 47, was isolated as white solid from the hydrolytic cleavage of

1 with BF,-OEt,. The HREIMS indicated a formula of C,H,0, according to the
molecular jon peak at m/z 386.2818 [M]' (calcd for C,gll,,0,, 386.2821). As expected,
all the resonances in the NMR spectra (Table 6) related to the acetate groups formerly seen
in the spectra of 1 were entirely removed. In fact, along with the acetate functionalities, the
resonances for the furan moiety were completely replaced by two aldehydes (&, 10.02, d;
J = 3.0 Hz, H-19; and 9.15, br s, H-20; and &.202.7, C-19; and 192.2, C-20). The
aldehydic carbon C-20, in particular, also correlated to an olefin at & 151.3 (C-16).
These indicated the cleavage of furan moiety of 1 into two aldehydes attached to C-17 and
C-18. From the NOSEY correlations, the aldehydic proton H-19 showed the dipolar
coupling to the methyl protons at & 0.74 (s, 3H; H-25), and the proton at & 3.00 (br s,
H-18) correlated to the methine protons of H-12 (& 8.28, dd; J = 11.5, 4.0 Hz) and H-
14 (50.57, dd; J = 11.5, 5.0 Hz), suggesting that C-19, C~25 and 12-OH adopted the
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[ orientation, whereas H-12, H-14, and H-18 did the o one. Concurred to the
previously reported spectral data (Crews and Bescansa, 1986), the structure of 47 was
confirmed to be 12-deacetyl-12-epi-scalaradial.

Table 6 'H and °C NMR data of compound 47 (C,D,; 500 MHz for 'H)

positions "H (mult.; J in Hz) B¢ (mult.)

1leq 1.56 (m) 40.0 (CH,)
ax 0.63 (m)

2 eq 1.38 (m) 18.3 (CH,)
ax 1.12 (m)

3 eq 1.34 (in) 41.3 (CH,)
ax 1.31 (m)

4 - 33.3 (C)

5 0.65 (dd; 8.5, 2.0) 56.3 (CH)

6 eq 1.57 (m) 18.8 (CH,)
ax 1.53 (m)

7 eq 1.35 (m) | 42.4 (CH,)
ax 1.12 (ddd; 12.5, 7.0, 3.5)

8 - 37.4 (C)

9 0.47 (brd; 12.5) 57.9 (CH)

10 - 37.4 (CH)

11eq 1.43 (ddd; 13.0, 4.0, 3.5) 27.3 (CH,)

ax 1.15 (ddd; 13.0, 11.5, 7.5)

12 3.28 (dd; 11.5, 4.0) 80.8 (CH)

i3 - 43.7 (C)
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Table 6 (cont.)

positions 'H (mult.; J in Hz) B¢ (mult)

14 0.57 (dd; 11.5, 5.0) 52.9 (CH)

15 eq 1.68 (ddd; 14.0, 5.0, 2.0) 23.4 (CH,)

ax 1.72 (ddd; 14.0, 11.5, 2.5)

16 6.14 (dd; 5.0, 2.5) 151.3 (CH)
17 - 139.8 (C)

18 3.00 (brs) 60.7 (CH)

19 10.02 (d; 3.0) 202.7 (CH)
20 9.15 (s) 192.2 (CH)
21 0.87 (s; 3H) 33.5 (CH,)
22 0.80 (s; 3H) 21.4 (CH,)
23 0.69 (s; 3H) 16.6 (CH,)
24 0.61 (s; 3H) 17.1 (CH,)
25 0.74 (s; 3H) 10.0 (CH,)

3.2.1.2 12-Deacetyl-12,18-di-epi-scalaradial (48)

Compound 48 was isolated as a minor products from hydrolytic cleavage

of 1 with BF,+OEt,. The HREIRMS spectrum showing the signal at m/z 386.2803 (calcd
for C,.H,,0,, 386.2821, [M]") revealed a molecular formula of C, H .0, The 'H and
C NMR spectra of 48 (Table 7) were entircly identical to 47, indicated that the two
compounds are in fact stercoisomers. The major difference observable as the downfield shift
of H-14 (& 1.29, dd; J = 11.0, 5.5 Hz), as compared to that resonating at 5 0.57 for
47, was accounted for the anisotropic effect posted on H-14 by the aldehyde carbonyl.
The relative stereochemistry of the aldehyde C-19 was determined to be a-oriented, based
on the nOe enhancement at H-19 (§ 10.00, d; J = 2.5 Hz) upon the irradiation of H-12
(8 3.31, dd; J = 11.0, 4.0 Hz). The structure of 48 was therefore proposed to be 12-
deacetyl-12,18-di-epi-scalaradial (Walker et al., 1980).




Table 7 'H and "°C NMR data of compound 48 (C,D,; 500 MHz for 'H)

positions 'H (mult.; J in Hz) c (mult.)

leg 1.46 (br d; 13.5) 39.8 (CH,)
ax 0.56 m

2 eq 1.55 (qt; 13.5, 4.0) 18.3 (CH,)
ax 1.37 (m)

3eq 1.36 (m) 42.1 (CH,)
ax 1.11 (m)

4 - 33.3 (C)

5 0.53 (dd; 9.5, 2.5) 55.9 (CII)

6 eq 1.35 (m) 18.2 (CH,)
ax 1.15 (m)

7 eq 1.33 (m) 41.0 (CH,)
ax 0.57 (m)

8 - 37.3 (C)

9 0.50 (dd; 9.5, 2.0) 58.0 (CH)

10 - 37.4 (C)

11 eq 1.26 (m) 27.0 (CH,)

ax 1.18 (m)

12 3.31 (dd; 11.0, 4.0) 75.5 (C)

13 - 43.5 (C)

14 1.29 (dd; 11.0, 5.5) 48.0 (CH)

15 g 1.90 (dt; 20.5, 5.5) 23.9 (CH,)

ax 1.65 (m)
16 6.21 (dd; 5.0, 2.5) 151.2 (CH)

68
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Table 7 (cont.)

positions "H (mult.; J in Hz) ¢ (mult.)

17 : - 137.9 (C)

18 3.89 (brs) 55.3 (CH)

19 10.00 (d; 2.5) 202.0 (CH)
20 9.21 (s) 192.0 (CH)
21 0.86 (s; 3H) 33.3 (CH;)
922 0.80 (s; 3H) 21.5 (CH,)
23 0.70 (s 3H) 16.9 (CH,)
24 0.59 (s; 3H) 16.8 (CH,)
25 0.68 (s; 3H) 15.9 (CH,)

3.2.1.3 12-Deacetyl-12-epi-deoxoscalarin (49)

Compound 49, was obtained as a reductive recyclized product from the
reduction of 1 with LAH (119). The compound showed a pseudo-molecular ion peak at
m/z 411,2866 [M+Na] in the HRESIMS (calcd for C,;H,,O,Na, 411.2875); therefore
a molecular formula of C,H,,0, was proposed. The 'H and C NMR spectra of 49
(Table 8) differed from 1 by the absence of two acetate groups and the presence of the
oxymethylene protons at § 4.50 (br d; J = 12.0 Hz, H-20a) and 4.18 (br d; J = 12.0
Hz, H-20b). In addition, an olefinic proton signal at & 5.48 (br s, H-16) of 49 was
found at the higher field than that of 1 duc to the double bond migration away from the
electronegative oxygen. For the furan moiety, the reduction led to the recyclization towards
a tetrahydrofuranol functionality, composed of an acetal proton at & 5.25 (d; J = 6.5 Hz,
H-19), an oxymethylene at & 4.50 (br d; J = 12.0 Hz, H-20a) and 4.18 (br d; J =
12.0 Hz, H-20b), and a methine at § 2.19 (br s, H-18). The structure of 49 was
proposed to be 12-deacetyl-12-¢pi-deoxoscalarin, and was confirmed by comparison with

the published data (Fontana et al., 1989).




Table 8 'Hand °C NMR data of compound 49 (C,D,; 500 MHz for 'H)

positions 'H (mult.; J in Hz) B¢ (mult.)

1leg 1.70 (m) 39.9 (CH,)
ax 0.78 (m)

2 eq 1.50 (m) 18.1 (CH,)
ax 1.33 (m)

3 eq 1.66 (m) 41.6 (CH,)
ax 0.85 (m)

4 - 33.3 (C)

5 0.77 (dd; 11.0, 2.5) 56.5 (CH)

6 eq 1.58 (m) 18.6 (CH,)
ax 1.38 (m)

7 eq 1.34 (m) 42.1 (CH,)
ax 1.11 (m)

8 - 37.4 (C)

9 0.87 (m) 58.8 (CH)

10 - 37.4 (C)

11 eq 1.69 (m) 25.8 (CH,)

ax 142 (q; 12.0)

12 3.50 (dd; 12.0, 4.0) 81.2 (CH)

13 - 39.9 (C)

14 1.00 (dd; 11.0, 6.0) 53.3 (CH)

15 eq 2.04 (m) 22.1 (CH,)
ax 1.98 (m)

16 5.48 (brs) 117.2 (CH)

17 - ‘ 135.0 (C)
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positions "M (mult.; J in Hz) B¢ (mult.)
18 2.19 (br s) 60.8 (CH)
19 5.25 (d; 6.5) 99.5 (CH)
20 4.50 (br d; 12.0) 68.7 (CH,)
4,18 (br d; 12.0)

21 0.82 (s; 3H) 33.4 (CH,)
22 0.78 (s; 3H) 21.3 (CH,)
23 0.89 (s; 3H) 16.5 (CH,)
24 0.90 (s; 3H) 17.0 (CH,)
25 0.81 (s; 3H) 8.7 (CH,)

3.2.2 Modification of 1 2-0H functionality

In order to manipulate the electronic field surrounding C-12, the hydroxyl

group was planned to be transformed into oxo, alkoxyl and acyloxy functionalities.

Methylation based on Williamson’s ether synthesis (Benedict ef al., 1979), however,

failed fo yield the expected methoxy analogues, either from 1 or from 47 (Scheme 5).

This is possibly due to the steric hindrance surrounding C-12, providing an environment

similar to a neopentyl system, thus retarding the substitution onto Mel.

a) Mel, Ag:Q; or

b) NaH, than Mel

a) Mel, Ag.O; or

//,
//

/],

b) NaH, than Mel

Scheme 5 Methylation of 1 and 47

7
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On the other hand, PCC surprisingly oxidized the C-12 hydroxy group and
provided ketones, both from heteronemin itself and from the dial 47, without observable
hydrolysis or epimerization (Adams and Luzzio, 1989). The oxo 50 was obtained from
the reaction of 1 with PCC in CH,CL, in a good yield (989%). Likewise, the dial 47 was
oxidized smoothly to yicld the oxo-dial 51 (87%) (Scheme 6).

PCC/SIO;

Y

CH,Cly, 2.5 h, 1t

PCC/SIO,

Y

CH,Clp, 2.5 i, tt

Scheme 6 Oxidation of 1 and 47

Unlike the sluggish alkylation, acetylation of 1 was accomplished using a
standard acetylation condition to gave heteronemin acetate 39 in a reasonable yield (79%).
The acetylation of dial 47 was carried out using the similar protocol to give compound 52

as the acetate analog of 47 in a lower yield (31%) (Scheme 7).
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Acz0, pyridine
18 h, 1t

Y

Ac,O, pyridine
18h, 1t

47

Scheme 7 Acetylation of 1 and 47
3.2.2.1 12-Oxocheteronemin (50)

Compound 50 was obtained from an oxidation of 1 with PCC (98%). The
molecular formula of 50 \Qas proposed to be C,H,,0, as established by the EI mass
spectrum, which shows a molecular peak at m/z 426 [M]’, and by its 27 carbon signals
. observed from the °C NMR spectrum. The proposed molecular formula was confirmed by
the [M]° peak at m/z 426.2788 in the high resolution ESI mass spectrum (caled for
C,,H,;0,, 426.2770).

The 'H and "°C NMR spectral data (Table 9) resembled those of 1, except
that the signal of the oxymethine carbon of 1 at & 80.5, previously assigned to C-12, was
replaced by a carbonyl carbon at § 213.3. Also, the downfield shift of H-11 (6 2.12, dd;
J = 14,0, 2.5 Hz; and 2.05, t; J = 14.0 Hz) due to the anisotropic effect from the
carbonyl was observed. The assignment of thé carbonyl as C-12 was supported by the
HMBC spectrum, in which the correlations from C-12 to H-9, H~18, H-11 and H-25
were found. Thus, the structure of 50 was assigned as 12-oxoheteronemin as shown

(Crews and Bescansa, 1986),




Table 8 ‘Hand C NMR data of compound 50 (C,D,; 500 MHz for 'H)

positions 'H (mult.; J in Hz) ¢ (mult.)

leq 1.29 (m) 39.2 (CH,)
ax 0.52 (m)

2 eq 1.41 (m) 18.0 (CH,)
ax 1.25 (m)

3 eq 1.31 (m) 42.0 (CH,)
ax 1.00 (m)

4 - 33.2 (©)

5 0.46 (dd; 12.0, 2.5) 55.9 (CH)

6eq 1.23 (m) 18.6 (CH,)
ax 1.04 (m)

7 eq 1.37 (m) 41.1 (CH,)
ax 1.28 (m)

8 - : 37.7 (C)

9 0.69 (dd; 14.0, 2.5) - 54.4 (CH)

10 - 37.9 (C)

11 eq 2.12 (dd; 14.0, 2.5) 35.1 (CH,)
ax 2.05 (t; 14.0)

12 - 913.1 (C)

13 - 50.0 {C)

14 0.85 (dd; 12.0, 2.5) 56.0 (CH)

15 eq 1.95 (dt; 6.5, 2.5) 27.8 (CH,)

ax 1.23 (m)




75

Table 9 (cont.)

positions  'H (mult.; J in Hz) Be (mult.)
16 5.43 (m) 69.2 (CH)
17 - 113.0 (C)
18 3.06 (d; 1.0) 56.8 (CH) -
19 7.11 (d; 2.0) 99.4 (CH)
20 6.26 (dd; 2.19, 1.75) 137.0 (CH)
21 0.84 (s; 3H) 33.3 (CH,)
22 0.73 (s; 3H) 21.3 (CH,)
23 0.53 (s; 3H) 15.3 (CH,)
24 0.55 (s; 3H) 16.6 (CH,)
25 0.76 (s; 3H) 13.1 (CH,)
26 - 169.3 (C)
27 1.69 (s; 3H) 20.5 (CH,)
28 - 169.3 (C)
29 1.78 (s; 3H) 20,7 (CH,)

3.3.2.2 12-Deacetoxy-12-oxoscalaradial (51)

Compound 51 was obtained as an oxidative product of 47 with PCC. The
molecular formula of C,H,0, was inferred by means of HREIMS spectrum (m/z
384.2668 [M]"; caled for C,H,0O,, 384.2664), The 2 mass unit less that of 47
suggested that 51 was a dehydro-product of 47. The similarity between the NMR spectra
of 47 (Table 6) and 51, with the absence of an oxymethine C-12 (& 80.8) formerly
seen in 47, and the presence of a carbonyl (5 212.6, C-12) in 51, suggested that the
oxidation took place on the hydroxyl group on C-12. This was confirmed as a series of
HMBC correlations from C-12 to H-9, H-11, and H~25 were observed. Compound 51

was therefore proposed as 12-deacetoxy-12-oxoscalaradial (Gavagnin et al., 2004).
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Table 10 'H and *°C NMR data of compound 51 (C,D,; 500 MHz for "H)
positions "M (mult.; J in Hz) P (mult.)
1eq 1.31 (m) 39.2 (CH,)
ax 0.39 (m)
2 eq 1.45 (m) . 18.0 (CH,)
ax 1.21 (m)
3 eq 1.38 (m) 42.0 (CH,)
ax 1.01 (m)
4 - ' 33.4 (C)
5 0.51 (m) 56.1 (CH)
6 eq 1.47 (m) 18.5 (CH,)
ax 1.17 (m)
Teq 1.26 (m) 41.0 (CH,)
ax 1.12 (m)
- 37.1 (C)
9 0.72 (dd; 11.4, 2.1) 58.5 (CH)
10 - 37.7 (C)
1leq 2.18 (dd; 4.2, 2.0) 35.0 (CH,)
ax 2.00 (t; 4.1)
12 - 212.6 (C)
13 - - _ 53.3 (C)
14 0.85 (m) , 54.6 (CH)
15 ¢q 1.72 (m) 23.1 (CH,)
ax 1.58 (m)
16 6.02 (brt; 2.7) 148.8 (CH)
17 - 142.0 (C)

18 3.70 (br d; 1.7) 53.9 (CH)
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Table 10 {cont.)

positions 'H (mult.; J in Hz) ¢ (mult.)
19 10.76 (d; 1.9) 200.2 (CH)
20 9.14 (s) 191.5 (CH)
21 0.83 (s; 3H) 33.2 (CH,)
22 0.75 (s; 3H) 21.4 (CH,)
23 0.54 (s; 3H) 15.6 (CH,)
24 0.58 (s; 3H) 16.2 (CH,)
25 0.87 (s; 3H) , 15.1 (CH,)

3.2.2.3 Heteronemin acetate (39)

Acetylation of 1 using Ac,O in pyridine afforded compound 39 in a good
yield (79%). The molecular formula of compound 39 was deduced to be C,H, 0, by
means of the analysis of its HRESI mass spectrum, which showed pseudo-molecular ion
peak at m/z 553.3121 ([M+Nal'; calcd for C,H,,0,Na, 553.3142). The 43 mass units
higher than that of 1 suggested the additional acetyl group. The 'H and °C NMR spectra
(Table 11) of 39 displayed characteristic resonances similar to those of 1, however, with
an additional methyl group at & 1.97 (s, H-31). The "'C NMR spectra indicated the
presence of an ester carbony! carbon at § 169.9 (C-30). The connectivity of the added
acetate was confirmed by the HMBC spectrum as the correlation from C-12 (& 82.2) to
H-31 (1.97) was observed. The nOe enhancement of H-14 (& 0.58) and H-18 (&
2.59) upon irradiation of H-12 indicated the conserved configuration of C-12 as R.
Therefore, compound 39 was identified as heteronemin acetate. The spectral data of 39 are

consistent with those previously reported (Crews and Bescansa, 1986).




‘Fable 11 'H and *°C NMR data of compound 39 (C,D,; 500 MHz for 'H)

positions 'H (mult.; J in Hz) ¢ (mult.)

1eq 1.37 (m) 39.7 (CH,)
ax 0.71 (m)

2 eq 1.34 (m) 18.2 (CH,)
ax 1.17 (m)

3 eq 1.32 (m) 42.2 (CH,)
ax 1.17 (m)

4 - 33.3 (C)

5 0.61 (m) 56.1 (CH)

6 eq 1.48 (m) 18.8 (CH,)
ax 1.28 (m)

7 eq 1.46 (m) 41.4 (CH,)
ax 0.47 (m)

8 - 37.4 (C)

9 0.55 (m) 57.6 (CH)

10 - 37.8 (C)

11eq 1.67 (m) | 24,0 (CH,)

ax 1.22 (m)

12 4.67 (dd; 11.2, 4.4) 82.2 (CH)

13 - 40.8 (C)

14 0.58 54.6 (CH)

15 eq 2.00 (ddd; 12.0, 7.5, 2.0) 27.8 (CH,)

ax 1.25 (m)

16 5.48 (dd; 11.0, 6.0) 69.3 (CH)

17 - 113.6 (C)

18 2.59 (br s) 62.3 (CH)

19 7.08 (d; 2.0) 98.8 (CH)

20 6.21 (t; 2.0) 136.2 (CH)

21 0.87 (s; 3H) 33.4 (CH,)

22 0.76 (s; 3H) 21.3 (CH,)

23 0.62 (s; 3H) 16.4 (CH,)

24 0.57 (s; 3H) 17.3 (CH,)
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Table 11 (cont.)

positions 'H (muilt.; J in Hz) e (mult)
25 0.93 (s; 3H) 10.0 (CH,)
26 - 169.7 (C)
27 1.70 (s; 3H) 20.6 (CH,)
28 - 169.3 (C)
29 1.69 (s; 3H) 20.5 (CH,)
30 - 169.9 (C)
31 1.97 (s; 3H) 21.1 (CH,)

3.2.3.4 12-epi-Scalaradial (52)

Acetylation of 47 using Ac,0 led to compound 52 as white solid (319,
Gavagnin ef al., 2004). The molecular formula of 52 was proposed as C,,H,,O, due to
the molecular mass observed at m/z 451.2837 in HREIMS spectrum (caled. for
Cy,H,,0,, 428.2527). The 'H and '“C NMR spectra (Table 12) of 52 displayed
characteristic signals similar to those of 51, except for the presence of an additional methyl
group at &, 1.78 (s, 3H, H-27) in 52, which correlated to a carbon at &§169.9 (C-26)
in the HMBC spectrum. This additional acetate group was placed on C-12 due to its
HMBC spectrum, in which C-12 (8 81.7) showed correlation to the protons at & 1.85
(ddd; J = 13.0, 4.5, 2.0 Hz, H-11eq), 1.15 (ddd; J = 13.0, 12.0, 12.0 Hz, H~11ax),
1.78 (s, H-27) and 0.85 (s, H-25). The relative stercochemistry of hydroxyl and
aldehyde groups was determined based on the nOe enhancement. Irradiation of H-12
caused the signal enhancement of H-14 and H-18, indicating the S-oriented of the 12-
acetoxy and the carboxaldehyde C-19. Thus, the structure 52 was deduced to be 1_2—epi—

scalaradial (Crews and Bescansa, 1986).




Table 12 ‘Hand "’C NMR data of compound 52 (C,Dg; 500 MHz for 'H)

positions 'H (mult.; J in Hz) B¢ (mult.)

1eq 1.51 (m) 39.6 (CH,)
ax 0.75 (m)

2 eq 1.47 (m) 18.7 (CH,)
ax 1.35 (m)

3 eq 1.32 (m) 41.2 (CH,)
ax 1.08 (m)

4 - 33.4 (C)

5 0.62 (dd; 12.0, 2.5) 56.2 (CH)

6 eq 1.39 (m) 18.2 (CH,)
ax 1.10 (m)

7 eq 1.28 (m) 42,0 (CH,)
ax 0.45 (ddd; 16.5, 11.5, 3.5)

8 - 37.3 (C)

9 0.69 (m) 57.2 (CH)

10 - 37.4 (C)

11 eq 1.85 (ddd; 13.0, 4.5, 2.0) 23.7 (CH,)

o 1.15 (ddd; 13.0, 12.0, 12.0)

12 4.75 (dd; 12.0, 4.5) 81.7 (CH)

13 - 41.1 (C)

14 0.61 (m) 52.8 (CH)

15 eq 1.68 (ddd; 15.5, 4.0, 3.5) 23.3 (CH,)

ax 1.65 (ddd; 15.5, 12.0, 3.0)

16 6.05 (dd; 4.0, 3.0) 151.2 (CH)

17 - 139.4 (C)

i8 2.97 (br d; 2.0) 60.2 (CH)

19 9.85 (d; 4.0) 199.0 (CH)

20 .09 (s) 191.7 (CH)

21 0.87 (s; 3H) 33.3 (CH,)

22 0.78 (s; 3H) 21.4 (CH,)

923 0.65 (s; 3H) 16.6 (CH,)

80
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Table 12 (cont.)

positions 'H (mult.; J in Hz) . B¢ (mult.)
24 0.61 (s; 3H) 16.9 (CH,)
25 0.85 (s; 3H) 11.0 (CH,)
26 - 169.6 (C)
27 1.78 (s; 3H) 20.9 (CH,)

3.2.3 Pyrolysis of heteronemin

All the transformation discussed earlier mostly involve the lost of the
acetoxyl groups either, or both, on C-17 and C-19. In order to extend the chemical profile
of the scalarins in such way that the oxidation state and saturation of the furan moiety could
be manipulated, compound 1 was subjected to a pyrolytic conditions under an inert
atmosphere of N,. As predicted, 1 was heat-labile and large portion of the compound
degraded promptly upon only quick exposure to the high temperature (220 °C). Two
pyrolytic products obtained were the furan 53 and the vinyl furan 54 analogues of

heteronemin along with a cleavage product 4 8.

heteronemin (1)

Scheme 8 Pyrolysis of heteronemin
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3.2.3.1 Scalarafuran (53)

Compound 53 was obtained as a pyrolytic product of heteronemin (14%).
The HREIMS mass measurement at m/z 368.2710 (caled for C, H,,0,, 368.2706)
indicated the molecular formula at C,H;,0,. The UV absorptions at A4, 208, 218 and
273 nm, suggested the presence of an aromatic chromophore in the molecule. The 'H and
¥C NMR spectral data (Table 13) of 53 were comparable to those of 1 with the
disappearance of dioxymethine H-19, a methine H-18, and the acetate of H-16 (5 5.97,
dd; J = 12.0, 2.0 Hz). On the other hand, additional resonances of furan moiety at & 7.80
(d; J = 2.0 Hz, H-19) and 7.48 (t; J = 1.5 Hz, H-20) were found. The HMBC
correlation from both C-17 (5 135.3) and C-18 (& 121.8) to H-19 and H-20 helped
connecting the furan onto ring D, substituting the furanol moiety formerly seen in 1.

Compound 53, therefore, was proposed as scalarafuran (Kazlauskas et al., 1976).

Table 13 "H and °C NMR data of compound 53 (CyDg; 500 MHz for 'H)

positions 'H (mult.; J in Hz) B¢ (mult.)
1 eq 1.51 (m) 39.9 (CH,)
ax 0.49 (m) -
2 eq 1.60 (m) 18.3 (CH,)
ax 1.40 (m)
3 eq 1.53 (m) 41.4(CH,)
ax 0.53 {m)
4 - ' 33.3 (©)

0.60 (dd; 12.5, 2.0) 56.4(CH)




Table 13 (cont.)

positions "H (mult.; J in Hz) B¢ (mult.)
6 eq 1.68 (m) 18.8 (CH,)
ax 1.43 (m)
7 eq 1.35 (im) 42.4(CH,)
ax 1.11 (m)
- 37.3 (C)
9 0.85 (m) 53.8 (CH)
10 - 37.5 (C)
11 eq 1.32 (m) 27.8 (CH,)
ax 1.14 {(m)
12 3.27 (br d; 11.0) 79.2 (CH)
13 - 40.4 (C)
14 0.49 (dd; 12.5, 2.0) 58.1 (CH)
15 eq 2.09 (ddd; 12.0, 7.5, 2.0) 25.0 (CH,)
ax 1.18 (m)
16 5.97 (dd; 12.0, 2.0) 68.3 (CH)
17 - 135.3 (C)
18 - 121.8 (C)
19 7.80 (d; 2.0) 137.8 (CH)
20 7.48 (t; 1.5) 139.6 (CID)
21 0.90 (s; 3H) 33.5 (CH,)
92 0.82 (s: 3H) 91.4 (CH,)
23 0.71 (s; 3H) 17.5 (CH,)
24 0.67 (s; 3H) 16.3 (CH,)
95 1.18 (s; 3H) 18.9 (CH,)
26 - 170.5 (C)
27 1.67 (s; 3H) 20.9 (CH,)
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3.2.3.2 16-Deacetoxy-15,16~dehydroscalarafuran (54)

Compound 54 was obtained as another pyrolytic product along with 53.
The molecular mass at 428.2965 (caled for C,,H,,0,, 428.2986, [M]') obtained from
the HREIMS revealed a molecular formula of 54, The NMR data (Table 14) of 54 were
almost idcntiqal to those of 53, however, with the absence of all acetate-related
resonances. The '~C NMR spectra exhibited two olefinic carbons at § 127.4 (C-15) and
119.5 (C-16), corresponding to two protons at & 6.43 (dd; J = 9.5, 3.0 Hz, H-16) and
5.68 (dd; J = 9.5, 3.0 Hz, H-15). Confirmed by the comparison with those reported by
Kazlauskas et al. (1976), the structure of 54 was assigned as 16-deacetoxy-15,16-

dehydroscalarafuran.

Table 14 “H and °C NMR data of compound 54 (C,D,; 500 MHz for "H)

positions 'H (mult.; J in Hz) ¢ (mult.)

leq 1.53 (m) 39.9 (CH,)
ax 0.61 (m)

2 eq 1.40 (m) 18.1 (CH,)
ax 1.24 (m)

3eq 1.49 (m) 42.3 (CH,)
ax 1.31 (m)

4 - 33.3 (C)

5 0.60 (dd; 12.5, 2.5) 56.5 (CH)

6 cq 1.38 (m) 18.9 (CH,)
ax 0.65 (m)

7 eq 1.70 (dt; 13.5, 3.5) 41.0 (CH,)
ax 0.65 (m)

8 - 36.9 (C)




Table 14 (cont.)
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positions 'H (mult.; J in Hz) Be (mult.)
9 0.61 (dd; 13.0, 2.0) 57.9 (CH)
10 - 317.5 (C)
11 eq 1.42 (m) 27.9 (CH,)

ax 1.13 (m)
12 ax 3.62 (br d; 8.5) 78.3 (CH)
13 - 40,9 (C)
14 1.81 (t; 3.3) 56.9 (CH)
15 5.68 (dd; 9.5, 3.0) 127.4 (CH)
16 6.43 (dd; 9.5, 3.0) 119.5 (CH)
17 - 121.5 (C)
18 - 133.4 (C)
19 7.71 (d; 1.5) 136.6 (CH)
20 7.09 (d; 1.5) 136.1 (CH)
21 0.85 (s; 3H) 33.5 (CH,)
22 0.82 (s; 3H) 21.5 (CH,)
23 0.74 (s; 3H) 16.3 (CH,)
24 0.85 (s; 3H) 18.6 (CH,)
25 1.08 (s; 3H) 16.3 (CH,)

3.3 Biolegical activities of the scalarins

All the sesterterpenes obtained in this investigation were assessed for the

antitubercular activity against Mycobacterium tuberculosis (H,,Ra) using MABA technique

(Collins and Franzblau, 1997), and for cytotoxic activity against cancer cell line (MCF-—

7), using SRB assay (Skehan et al., 1990). The results are shown in Table 15.




Fable 15 Antitubercular activity and cytotoxicity of compounds 1, 39 and 46-54

Anti-TB Cytotoxicity
Compounds
(MIC; M) (IC,, + SD; nM)
AcO,
OH 7

OAc 3 157 £ 13.55

o
Heteronemin (1)

AcO,
OAc

l:

3 612 £ 9.27
Heteronemin acetate (39)
AcO,
OH 70
10Me
54 315 1+ 2.96
12-epi-Deacetyl-19 ar—acetoxy- 20—
methoxyscalaran (46)

OH CHO
64 13 £ 0.77
Inactive” 122 £ 8.35

12-Deacetyl-12,18-di-epi-scalaradial
(48)




Table 15 (cont,)

Anti-TB Cytotoxicity
(MIC; M) (IC,, + SD; nM)

Compounds

HO,
OH

Inactive® 18 £5.73
12-Deacetyl-12-epi-deoxoscalarin (49)
0.23 17 £0.18
Q0 CHO
130 43 + 5.04
QAc CHO
58 - 474 + 25.79
14 18 £ 0.35

Scalarafuran (53)
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Table 15 (cont.)

Anti-TB Cytotoxicity

Compounds
(MIC; uM) (IC,, £ SD; nM)

135 9+1.12
i
16-Deacetoxy-15,16~-dehydro
scalarafuran (54)

Isoniazid _ 0.02 0.256 £ 0.02 mM
Rifampicin 0.04 1.6+ 0.16 uM
Kanamycin - 2.58 -

Camptothecin - 0.72

Note; a) The tested sample were inactive at the highest concentration of 50 gg/mL.

The results demonstrated that all compounds, but 48 and 49, exhibited
antitubercular activity against M. tuberculosis with the MICs ranging from 0,23 to 135
/M. Among these, compounds 1, 39 and 50 were the most potent with MICs in the
magnitude of 107'-10° H#M. On the other hand, the significant cytotoxicity was observed
with all targeted compounds, with the IC,, in 2 nM range, Here, compound 54 was the |
most cytotoxicity (IC,, ¢ * 1.12 nM). The antitubercular activities of 1 and 39 were afl
in good agreement with those previously reported (Wonganuchitmeta et al.,, 2004). The
antitubercular activity and cytotoxicity determination led to the conclusion regarding the
structure—activity relationships of the scalarins as followed.

(I) The acetoxy group on C-16 was predominantly necessary for
antitubercular activity, Compounds 1, 39, 50, and 53, each of which possessed the 16~
acetoxy group, were strongly active, wherecas compounds 46, 47, 51, 52, and b4 were
found otherwise.

(II) The acetoxy group substituted as an acetal on C-19, in a subsequent
manner to the 16-acctoxy group, also positively influenced the antitubercular activity. (Sec
compounds 1, 39, 50, and 53.)

(ITI) The oxidation states and/or the aromaticity of the furan moiety did

not post a strong effect on the antitubercular activity. However, this could be reflected from
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the fact that the effect from the furan moiety was overshadowed by those from the acetoxyl
groups both on C-12 and C-19. .

(IV) The polarity of the functionalities on C-12, therefore the electrostatic
field on such region, affected the cytotoxicity on the MCF~-7 cell line. The more polar of
the functional groups, the stfonger activity of the compounds. Thus, the 12-oxo derivatives

were the least cytotoxic, whereas the hydroxyl ones were the most potent.




CHAPTER 4
CONCLUSION

Chemical investigation of the Thai sponge Hyrfios sp. from Koh-Tao, Surat
Thani, led to the isolation of one new naturally-occuming sesterterpene, 12-epi-deacetyl-
19 a—acetoxy-20 a-methoxyscalaran .(46), along with a known sesterterpene, heteronemin
(1). Using heteronemin as starting material, a series of chemically-derived scalarin
derivatives were also obtaine_d. These include heteronemin acetate (39), 12-deacetyl-12-
epi-scalaradial (47), 12-deacetyl-12,18-di-epi-scalaradial (48), 12-deacetyl-12-
epi-deoxoscalarin  (49), 12-oxoheteronemin (50), 12-deacetyl-12-oxoscalaradial
(51), 12-epi-scalaradial (52), scalarafuran (53) and 16-deacetoxy-15,16-
dehydroscalarafuran (54).

The results from bioactivity evalvation of all the scalarins-type
sesterterpenes (compounds 1, 39 and 46-54) showed the strong activities in both
antitubercular and cytotoxic bioassays, with the MICs in antitubercular assay ranging from
0.23-135 M and IC,,’s for cytotoxicity in a range of 9~612nM. Compounds 1, 39,
and 47 were the most potent in antitubercular assay (MICs 3, 3 and 0.23 uM,
respectively). On the other hand, compounds 47, 49, 50, 51, 53 and 54 were most
cytotoxic {IC’s 13, 18, 17, 43, 18 and 9 nM, respectively). The incoherence between
the antitubercular and cytotoxic activities suggested that the functionalities that affect each
activity were different. Based on the chemical and activity profiles of the compounds
investigated here, it can be proposed that the acetoxy functional groups on C-16 and C-
19, in a subsequent manner, positively influence the antitubercular activity. For the
cytotoxicity, the polarity of the oxygenated functionalities on C-12 affect the potency of
the compounds.

Whereas certain conclusion regarding the structure~activity relationships
can be drawn, it is too early to make an ultimate summary for the scalarins, as a series of
extensive investigations are required. These include the in vitro cytotoxicity based on
normal cell lines, selectivities of the compounds regarding other mycobacterial strains and
cell lines, and larger library size that could represent the whole class of the compounds. All

of these are now under investigation. Also, for drug design propose, a more mathematical

30
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conclusion on quantitative structure-activity relationship based on CoMFA and CoMSIA
approaches is in progress.

Overall, this work has demonstrated that Thai marine organisms are among
the potential sources of chemotherapeutic agents that may be vseful in drug development.
The further exploration will lead to the compounds with greater efficacy and specificity for
the treatment of tuberculosis, as welli as other infectious and cancerous diseases. The
pharmaceutical potentials of marine bioresources hopefully will lead to the national policy
for a better and more sustainable utilization of bioresources, as well as to a strong and
positive impact on pharmaceutical research and development both in the governmental and

public sectors in Thailand,.
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