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CHAPTER|

INTRODUCTION

Natural products are organic compounds produced by microbes, plants, and
marine organisms. Some of these natural products exhibit biological activities in
human being such as anticancer, antibacterial, antifungal, anti-inflammatory, and
antiviral activities (Rinehart et al., 1990b).

Natural products from marine plants and animals are interesting. There are
severa well-known marine natural products that have been in use, for example, cod
liver oil, protamine sulfate, and marine macroalgae. Seaweeds, as they are more
generally known, have been used as crude drugs in the treatment of iodine deficiency
states, such as hypothyroidism and goitre (Evans, 1996). Natural products, especially
those produced by organisms in the marine environment, have received increasing
attention from chemists because numerous novel compounds have been isolated from
marine organisms and many of these substances have been demonstrated to possess
interesting biological activities. In the decade from 1977 to 1987, approximately
2500 new metabolites were reported from awide variety of marine organisms ranging
from prokaryotic microbes and soft-bodied invertebrates to vertebrate fish. An
analysis of the phyletic distribution of these compounds covering the years 1977-1985
shows that the majority are confined to four groups, macroalga, coelenterates,
echinoderms, and sponges. - The modest compounds are from microbes, bryozoans,
and tunicates. Sponges are prominent source of marine organisms because they have
a wider range of biosynthetic capabilities than any other groups of marine
invertebrates.  Although the contribution from: tunicates remains modest, there is
increasing interest in this group. Interest in the former reflects recognition that in
spite of their small size and general difficulty in collecting, tunicates produce an array
of very potent bioactivities (Ireland et al., 1993) and some compounds have reached
clinical trial. The first example, didemnin B, a cyclic depsipeptide, was isolated from
the tunicate Trididemnum sp. (family Didemnidae) that is most often found as a gray-
green, flat, pancake-like coating on rocks or corals at the depth of upto 120 feet. The
compound exhibited antitumor activity, antiviral activity (Rinehart et al., 1981;



Canonico et al.,1982) and immunosuppressive activity (Montgomery and Zukoski,
1985). Didemnin B is the most prominent member of this group; it showed the best
antitumor activity and was evaluated in phase | and phase 11 clinical trials by Nationa
Cancer Institute (Sakai et al., 1996b). The second example, ecteinascidin 743, atris-
tetrahydroisoquinoline alkaloid isolated from the Caribbean tunicate, Ecteinascidia
turbinata, possesses cytotoxic (Sakai et al., 1996a) and anticancer activity against
breast, non-small cell lung, melanoma, colon, and ovarian cancer (Hendriks et al.,
1999).

In the course of our investigation for bioactive marine natural products, the
author has found a species of tunicate Ecteinascidia sp. growing around Phuket
Island. Based on our knowledge, the Ecteinascidia tunicate from Tha marine
environment had never been chemically studied, therefore the tunicate had been
chosen to be investigated for its chemical constituents.

The main objectives of this study are to

1. isolate ecteinascidin compounds and other chemicals from the tunicate
Ecteinascidia sp.

2. elucidate the structures of the isolated compounds.

3. evauate cytotoxic activity of the isolated compounds.



CHAPTERII

LITERATURE REVIEW

In addition to the 48,000 more familiar species contained in the
subphylum Vertebrata, the phylum Chordata also includes some 1,400 invertebrate
species in the subphyla Urochordata and Cephalochordata. The nonvertebrate
chordates are all marine. About 90% of the invertebrate chordate species are
contained within the subphylum Urochordata. The Urochordata is one of the few
major taxonomic groups to contain no parasitic species; all urochordates feed by
straining small particles (especially phytoplankton) from the surrounding water. The
method of generating the water current from which these food particles are obtained
differs dramatically among different urochordate classes. Members of this subphylum
are commonly referred to as “tunicates’” and are distributed among three classes:
Ascidiacea, Thaliacea, and Appendicularia (Scheme 1). None of these animals have
left afossil record (Pechenik, 1996).

Figurel A Tha Ecteinascidia tunicate.



Scheme 1 Tunicate phylogenetic chart (Sterrer, 1986).

Subphylum

Class

Order

Family

Genus

| U rochlordata |
AsTiolliacea Thaliacea Appendicularia
| | |
Apl ousjbranchi a Phl eborranchi a Stoli dorranchi a
| | | | | | |
Pol yﬁ.:I inidae Di derpni dae Polyﬁitori dae PeroPhori dae Ascildi idae Sty?l idae Pyurl dae
-Aplidium -Trididemnum  -Cystodytes -Ecteinascidia -Ascidia -Botrylloides  -Microcosmus
-Polyclinum -Diplosoma -Eudistoma -Perophora -Phallusia -Botryllus -Pyuratorpida
-Lissoclinum -Distaplia -Symplegma
-Polysyncraton  -Clavelina -Metandrocarpa
-Didemnum -Stolonica
-Polyandrocarpa
-Polycarpa

-Styela



1. General characteristicsof tunicates

Most of the approximate 1,500 species of urochordates are tunicates or
ascidians or sea squirts. Tunicates have notochord and nerve cord in free-swimming
larva only. They are sessile as adults and are either solitary or colonial. Sessile
tunicates attach their saclike bodies to rocks, shell, pilings, ship bottoms, wrecks, alga,
sea grasses, and mangrove roots, and are particularly common in shaded areas (on
overhangs, in caves and on the underside of stones). In a colonia tunicate, there are
severa to many members, call zooids. Each zooid of a colonia tunicate contains two
siphons that permit seawater to circulate through the body. One siphon is the oral
siphon which isthe inlet for water circulating through the body and is usually directly
opposite the attached end of the tunicate. It also serves as the mouth opening. The
second siphon isthe atrial siphon which is the opening for excurrent water (Miller and
Harley, 1999). The body is bag-like and covered by a secretion of the epidermal.
This secreted, protective cover, also called the tunic, is composed largely of protein
and a polysaccharide (tunicin) that closely resembles cellulose (Pechenik, 1996). The
tunicate heart lies at the base of the pharynx. One vessel from the heart runs
anteriorly under the endostyle, and another runs posteriorly to the digestive organs
and gonads. Blood flow through the heart is not unidirectional. Peristaltic
contractions of the heart may propel blood in one direction for a few beats; then the
direction is reversed. Tunicate blood plasma is colorless and contains various kinds
of amoeboid cells. Gonads are |ocated near the loop of the intestine, and genital ducts
open near the atrial siphon. Gametes may be shed through the atrial siphon for
external fertilization, or eggs may be retained in the atrium for fertilization and early
development. - Although self-fertilization occurs in some species, cross-fertilization is
the rule. The majority of these tunicates are found in shalow subtidal zone
(Hickman, Roberts, and Larson, 1997).

2. Taxa and description of tunicatein the genus Ecteinascidia
(Sterrer, 1986)
Kingdom : Animal
Phylum : Chordata
Subphylum: Urochordata
Class . Ascidiacea



Order Phlebobranchia
Family Perophoridae
Genus . Ecteinascidia

Colonia tunicates of the genus Ecteinascidia have oblong or clavate zooids,

which are connected by thin, vine-like stolons with 15-30 rows of stigmata.

3. Characteristics of each species of the genus Ecteinascidia

(Sterrer, 1986)

Species

Characteristics

E. turbinata

E. conklini

E. minuta

Orange-colored, forming dense grape-like clusters 15
cm or more in diameter. Zooidsto 5 cm long with very
transparent tunic and up to 30 rows of stigmata;
intestine forming a wide loop on |eft side of the body
around the rosette-shaped gonads. The oviduct, in
which the large transparent larvae are brooded, opens to
the right side of the body. Rather ubiquitous from
intertidal to the outer reefs. on exposed surfaces, often

on gorgonians; very common.

Zooids to 10 mm long, lemon-yellow to greenish, both
siphons usually with abright red border. With up to 15
rows of stigmata. Forms small colonies on the

underside of stones; rare.

Zooids about 8 mm, whitish; branchial siphon long,
ending in a prominent white crown. With up to 13 rows
of stigmata. Forms dense carpets on the underside of

stones, or muffs around mangrove roots; common.




4. Tunicate metabolites

During the last three decade, marine natural product chemists have
enjoyed unrivaled success in the discovery of unique, new compounds (Bradley,
1993). Marine organisms, especially invertebrates such as sponges, soft corals,
mollusks and tunicates, produce many secondary metabolites which have biological
activities (antibacterial, antifungal, anticancer, antiviral, immunomodulatory and anti-
inflammatory). More recently, tunicates have become the target of natural product
research. The metabolite of these tunicates can be divided based on the presence or
absence of nitrogen in the molecule.

1. Nitrogenous metabolites
1.1 Peptide metabolites
Peptides have continued to be one of the major structural classes
isolated from tunicates, for example, didemnin B [1] was isolated from tunicate
Trididemnum solidum (Rinehart et al., 1981; Sakai et al., 1996b), lissoclinamide 5 [2]
from tunicate Lissoclinum pattella (Schmitz et al., 1989; Hawkins et al., 1990), and

mollamide [3] from tunicate Didemnum molle (Carroll et al., 1994).




1.2 Polycyclic aromatic alkaloids

The polycyclic aromatic akaloids based on the pyrido[k,|] acridine
skeleton have been reported over the last decade. This group of alkaloids is currently
of great interest due to their significant biological activities (Molinski, 1993). Most
pyridoacridines have been reported as having significant cytotoxicity. Other
activities, such as the regulation of cellular growth and differentiation, effect on
CAMP-mediated processes, inhibition of topoisomerase |1, and anti-HIV activity, have
also been reported from the alkaloids such as ascididemnin [4] was isolated from
tunicate Didemnum sp. (Kobayashi et al., 1988), cystodytin J [5] from tunicate
Cystodytes dellechiajel (Kobayashi et al., 1991), diplamine [6] from tunicate
Diplosoma sp. (Ciufolini and Shen, 1995), and meridine [7] from tunicate

Amphicarpa meridiana (Kitahara et al., 1997).

=z X




1.3 Tryptophan-derived metabolites
Tryptophan-derived metabolites are based on a 3-carboline ring
system, for example, eudistomin U [8] was isolated from tunicate Lissoclinum fragile
(Badre et al., 1994).

1.4 Lysine-derived metabolites
Lysine is a homologue of ornithine, and it also functions as an
akaloid precursor (Dewick, 1997) to compounds such as piclavine A, [9] which was
isolated from tunicate Clavelina picta (McAlonan et al., 2000).
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1.5 Tyrosine- and phenylalanine-derived metabolites
In one of the early reports on tumor-inhibiting effects of the
extracts from marine invertebrates, it was noted that the extract of the Caribbean
tunicate Ecteinascidia turbinata caused dramatic increase in the lifetime of mice
inoculated with P388 cells (Schmitz et al., 1993). The active compounds isolated
were tyrosine-derived compounds called the ecteinascidins, for example, ecteinascidin
743 [10] (Wright et al., 1990; Rinehart et al., 1990a).

H3C

HO

[10]

1.6 Nucleosides
The nucleoside is composed of a purine or a pyrimidine base
attached to a sugar, for example, 2'-deoxyuridine [11] and 2'-deoxycytidine [12] were

isolated from tunicate Trididemnum cereum (Dematte et al., 1985).



11

[12]

1.7 Miscellaneous nitrogenous metabolites
Petellazole A [13] Is a cytotoxic thiazole-containing macrolide,
which was isolated from the tunicate Lissoclinum patella (Zabriskie, Mayne, and
Ireland, 1988).
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2. Non-nitrogenous metabolites

The non-nitrogenous metabolites examples are enterocin [14] which was
isolated from tunicate Didemnum sp. (Kang, Jensen, and Fenical, 1996) and

didemnilactone, [15], a ten-membered |actone, was isolated from tunicate Didemnum
moseleyi (Niwa, Inagaki and Y amada, 1991).

[15]
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5. Chemistry and biological activities of the compounds from tunicates of the

genus Ecteinascidia

The tunicates of the genus Ecteinascidia, especially Ecteinascidia turbinata,
have been of long-standing interest due to reports as far back as 1969 of antitumor
activity (Rinehart et al., 1990b). Ecteinascidia turbinata produced secondary
metabolites of the ecteinascidin group. Ecteinascidins are isoquinoline alkaloids
which composed of either the bis- or tris-tetrahydroisoquinolines units (Wright et al.,
1990; Sakai et al., 1996a) and can be divided into three groups based on their C ring
asfollows.

1. Ecteinascidins with three tetrahydroisoquinoline subunits (A-C)

These ecteinascidins are composed of three tetrahydroisoguinolines (units
A-C), which have the amino acid tyrosine as the biosynthetic precursor. The
members of this group are ET 729, ET 743, ET 745, and ET 770 (the number

indicates the molecular weight of each compound) (Rinehart et al., 1990a).

C unit
R1 Rz
ET 729 (746)* H OH
ET 743 (761) CHs OH
ET 745 CHs3 H
ET 770 CH3 CN

*( ) = molecular weight
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2. Ecteinascidins with two tetrahydroisoquinoline units (A, B) plus one
tetrahydro- #~carboline unit (C)
These ecteinascidins having two tetrahydroisoquinoline units (A, B) plus
one tetrahydro-g-carboline unit (C) exemplify the formation of a six-membered

heterocyclic ring using the ethylamine side-chain of tryptamine. The members of this
group are ET 722 and ET 736.

ET 722: Ri=H
ET 736: Ri= CH3

3. Ecteinascidins with two tetrahydroisoquinoline units (A; B) plus a chain of
carbon (unit C)
These ecteinascidins are composed of two tetrahydroisoquinoline units
(A, B) plus achain of carbon (unit C). Compounds ET 583, ET 594, ET 596 and ET
597 are the members of this group.



H3C

HsC

C unit

comill T )

—ann| L
ConllI

ET583:Ri=H
ET 597: Ry = CH3

ET 594: X,Y =-0O- CH,-O
ET 596: X =O0OCHgs, Y =OH

OCH;

A unit

15
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The attachment of the third tetrahydroisoquinoline or the tetrahydro- -
carboline (unit C) to unit B by a 10-membered sulfide-containing lactone ring is quite
a distinctive feature of ecteinascidin molecules. Unequivocal assignments of the
relative configuration of all the chiral centers in these molecules have been
performed. Ecteinascidins have absolute configuration at C1, C3, C4, C11, C13, and
C2lasR R R R, S and S respectively (Guan et al., 1993).

5.1 Biogenesis of ecteinascidin 743

OH

NH

HO
OH

Figure 2 Biogenesis of ecteinascidin 743.



17

The ecteinascidin skeleton is composed of a functionalized
diketopiperazine 1 and fragment 2. Compound 1 is likely derived from the
diketopiperazine 3, which is either a condensation product of two molecules of DOPA
or is the result of hydroxylation of the diketopiperazine from tyrosine. The two-
carbon unit (C-1, C-22), is presumably derived from glyoxylate (or a glycoaldehyde).
The glyoxylate could, in turn, be produced from either serine or glycine. Fragment 2
appears to be derived from the condensation of S-mercaptopyruvic acid with
dopamine. It is also conceivable that 1 could condense with S-mercaptopyruvic acid
and this subsequently combines with dopamine. Thus, while it seems reasonable to
suggest which building blocks are involved in ecteinascidin production, the order in

which they assemble is not yet clear (Kerr and Miranda, 1995).

5.2 Biological activites of ecteinascidins (ETS)

ETs 729, 743, 583, 594, and 597 exhibited several biologica activities,
including cytotoxicity against P388 (murine lymphoma), A549 (human lung
carcinoma), HT29 (human colon carcinoma), MEL 28 (human melanoma), and CV-1
(monkey kidney); antimetabolic activities; and enzyme inhibitions. ET 583, 594 and
597 which lacked the aromatic C unit, showed cytotoxic activity 5-25 times less
active than ETs 729 and 743 against the MEL28 and CV-1. ETs 729, 743, 583, 594,
and 597 showed potent inhibition of DNA and RNA syntheses. For enzyme
inhibition, they inhibited DNA and RNA polymerase activity. Ets 583, 594 and 597
showed some inhibition of protein synthesis, while ETs 729 and 743 were less active
(Sakai et al., 1996a). ET 729 showed potent antitumor activities against P388 and
B16 melanoma (Sakai et al., 1992). Of the several ETs isolated, ET 743 was selected
for clinical trials to use for anticancer therapy because of its greater abundance (1 x
10 % yield wet weight of the tunicates) and its potent cytotoxic activity. ET 743 is
presently being evaluated in clinical trials phase I (Zewail-Foote and Huley, 1999).

5.3 Biological activities of ecteinascidin 743
Ecteinascidin 743 is currently under investigated in clinical trials phase
[1. It showed cytotoxicity (in vitro) against a variety of tumor cell lines for examples
P388, L1210 (mouse leukemia), A549 , HT29 , and MEL 28 at 1Cs
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3.4 x 10* 6.6 x 10*, 2.6 x 10“, 4.6 x 10*, and 5.0 x 10* uM, respectively. This
compound is tested at dose of 60 pug/kg for advanced stage MX-1 mammary tumor
xenografts (9 of 10 mice were tumor free on day 23) and early stage MX-1 mammary
tumor xenografts (10 of 10 mice tumor free on day 23) (Rinehart, 2000). These cell
studies were followed by in vitro studies against freshly explanted human tumors such
as breast, colon, renal, non-small cell lung carcinoma (NSCLC), melanoma, and
ovarian, which showed a wide range of activities at very low concentrations
(generaly 0.01 uM to less than 1 pM). In vitro studies were followed by in vivo,
showing tumor growth reduction of breast, melanoma nonsmall cell lung cancer, and
ovarian cancer (Rinehart, 2000). Additiona in vivo studies, ET 743 showed complete
regressions in xenografts of ovarian carcinoma HOC22, non-smal cell lung
carcinoma LXFL 529, and melanoma MEXF 989 at maximum tolerated dose 200 u
o/kg (Valoti et al., 1998; Hendriks et al., 1999). The optimum dose regimen in
clinical trials phase |, appeared to be 24 hr. infusion on day 1, repeated on day 22
(Rinehart, 2000).

5.4 Mechanism of action of ecteinascidin 743

1. Effect on DNA: Ecteinascidin 743 binds in the minor groove of
DNA forming adducts at N2 position of guanine (Pommier et al., 1996; Erba et al.,
1998) with DNA sequence preference for 5-AGC, 5-GGC and 5-GGC (Zewail-
Foote and Hurley, 1999). The mechanism of covalent adduct formation involves the
reaction of ET 743 with DNA via an iminium intermediate caused by the
carbinolamine functional group suitable for nucleophilic attack by the amino group of
an adjacent guanine base. Furthermore, an NM R-based model-of ET 743 with duplex
DNA indicates that the A- and B-subunits are responsible for DNA recognition and
bonding, while the C-subunit-is projected out of the minor groove and makes limited
contacts with the DNA (Moore et al., 1998; Seaman and Hurley, 1998; Zewail-Foote
and Hurley, 1999). ET 743 aso induces topoisomerase | -mediated protein-linked
DNA breaks and that topoisomerase | is a target for ET 743 both in vitro and in vivo
(Takebayashi et al., 1999).
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Iminium intermediate

[ >
HO LT N N\
2
Ecteinascidin 743 (ET 743) Guanine

Figure 3 Chemical structure of ecteinascidin 743 and proposed reaction of its

reactive iminium intermediate with the guanine 2-amino group.

2. Inhibition of transcription mechanism: Recently, Jin et al., 1999
reported some preliminary data on the inhibition of the transcription of multidrug
resistance gene type 1 (mdr-1 gene) by ET 743. The effect appeared to be due to the
ability of ET 743 to inhibit the binding of the nuclear transcription factor Y (NFY) to
a CCAAT BOX present in the mdr-1 gene promoter. These data confirm previous in
vitro finding on the ability of ET 743 to prevent the formation of the NFY complex
withits consensus DNA sequence (Mantonvani et al., 1998; Bonfanti et al., 1999).

3. Effect on microtubules: ET 743 disorganises the microtubule network
but it does not seem to interact directly with tubulin (Garcia-Rocha, Garcia-Gravolos,
and Avila, 1996). It promotes as a first step decrease in the proportion of
microtubules located close to the cell membrane and afterwards it results in the
appearance of collapsed microtubules surrounding the cell nucleus. It thus appears to
change the microtubule distribution to that of curved microtubules forming a circle

around the cell nucleus, whereas in control cells microtubules are arranged in a line
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from the centrosome to the cell membrane (Schiff, Fanat, and Horwitz, 1979). It
seems that, with ET 743, microtubules are not anchored at the centrosome. Several
analyses have been done to test the possible mechanisms of ET 743 on microtubule
protein and the results have indicated that the compound does not interfere with
colchicine or GTP binding to tubulin. Also, as indicated above, it appears that it does
not produce a decrease in the in vitro polymerisation of tubulin.

4. Cdl cycle perturbations: In the human tumor cell lines examined, ET
743 was found to decrease the rate of progression of cell in late S phase towards G;
phase and caused a prolonged blockade in G,-M phase (Ghielmini et al., 1998; Erba
et al., 2001) as assessed by biparametric Brd Urd/DNA flow cytometry.

5.5 Synthesis of ecteinascidin 743
Ecteinascidin 743 (ET 743) is an exceedingly potent and rare marine-
derived antitumor agent which is now being studied in various clinics with human
patients. Because this compound is not sufficiently available from the natural source,
the tunicate Ecteinascidia turbinata, it is being produced industrialy by the total
synthetic route described in 1996. (Corey, Gin and Kania, 1996; Martinez and Corey,
2000). More recently, phthalascidin a structural analogue of ET 743, was
synthesized. It is an antitumor agent very similar to ET 743 with regard to in vitro
potency and mode of action across a variety of cell types. The antiproliferative
activity of phthalascidin (ICsp = 0.1-1 nM) is greater than taxol, camptothecin,
adriamycin, mitomycin C, cisplatin, bleomycin, and etoposide by 1-3 orders of
magnitude, and its mechanism of action is clearly different from these currently used
drugs. Phthalascidin induces DNA-protein cross-linking, although it seems to interact
with topoisomerase | but not topoisomerase Il and is more stable than ET 743
(Martinez et al., 1999). ET 743 and phthalascidin (PT-650) can also be synthesized

from cyanosafracin B (Cuevas et al., 2000).



CHAPTER 11

EXPERIMENTAL

1. Source and sample collection
Transparent colonies of a Thai tunicate, Ecteinascidia sp., were collected from
Phuket by SCUBA diving at the depth of 1-5 meters in March and May, 2000 and

were stored frozen at -20°C prior to extraction.

2. General techniques
2.1 Chromatography
2.1.1 Analytical thin-layer chromatography (TLC)

Technique : One way, ascending
Adsor bent . Silicagel 60 GF-254 precoated plate (E. Merck )
Layer thickness ;250 pm
Distance - 5cm
Temperature : Room temperature 25-30°C
Detection : 1) Visual detection under daylight
2) Ultraviolet light at the wavelengths of 254 and
365 nm

3) Spraying with anisaldehyde-sulfuric acid reagent
and heating until colors developed

2.1.2 Column chromatography
2.1.2.1 Gl filtration chromatography

Adsorbent :. Sephadex LH-20 (Pharmacia Biotech AB)

Packing . The adsorbent was suspended in the eluant and left
standing to swell for 24 hours before using, then
poured into the column and allowed to settle tightly.

Sample loading : The sample was dissolved in a small volume of the

eluant and loaded onto the top of the column.
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Detection : Fractions were examined by TLC under ultraviolet light at
wavelengths of 254 and 365 nm and sprayed with
anisaldehyde-sulfuric reagent, respectively.

2.1.2.2 Flash column chromatography

Adsor bent : Silicagel 60 (No. 7734), particle size 0.063-0.200 nm
(70-230 mesh ASTM) (E.Merck)
Packing : The adsorbent was suspended in the eluant. The slurry of

adsorbent was poured into the column, tapped and pressed
down under an air pump, and then allowed to settle
overnight.

Sample loading : The sample was dissolved in a small volume of the eluant
and loaded onto the top of the column.

Detection : Fractions were examined in the same manner as described

above.

2.2 Spectroscopy
2.2.1 Ultraviolet (UV) Absorption Spectra
Ultraviolet-visible (UV) absorption spectra were obtained on a
Milton Roy spectronic 3000 Diode Array spectrometer (Pharmaceutical Research

Instrument Center, Faculty of Pharmaceutical Sciences, Chulalongkorn University).

2.2.2 Infrared (IR) Absorption Spectra
Infrared spectra (KBr disc and NaCl cell) were obtained on a
Perkin Elmer FT-IR 1760X spectrometer (the Scientific and Technological Research
Equipment. Center (STREC), Chulalongkorn University) or a Hitachi 260
spectrophotometer (Meiji Pharmaceutical University).

2.2.3 Mass Spectra (MS)
Mass spectra were obtained by an Electron spray lonization-
Time of Flight (ESI-TOF) made on a Micromass LCT mass spectrometer.
Acetonitrile:H,O (1:1) containing 0.02% formic acid was used as the solvent (the

National Center for Genetic Engineering and Biotechnology, BIOTEC).
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2.24 Proton and Carbon Nuclear M agnetic Resonance
(*H and *C-NMR) Spectra

'H and *C-NMR, DEPT 90 and 135, COSY, TOCSY, HMQC,
NOESY, and HMBC Spectra were recorded on a Bruker AVANCE DPX-300 FT-
NMR Spectrometer operating at 300 MHz for protons and 75 MHz for carbons, and
chemical shifts (ppm) of the residual undeuterated solvent were used as references.
Proton detected heteronuclear correlations were measured using HMQC (optimized
for "Jyc = 145 Hz) and HMBC (optimized for "Juc = 3, 4, and 8 Hz) pulse
sequences (Faculty of Pharmaceutical Sciences, Chulalongkorn University).

Some 'H and *C NMR spectra were measured at 500 and 125
MHz, respectively, with a JEOL JNM-LA 500 spectrometer (Meiji Pharmaceutical
University).

Deuteraied solvents: dimethyl sulfoxide-ds (CDsSOCD3) and
chloroform (CDCl3) were used in NMR experiments. Reference signas were the
signals of residual undeuterated solvents at & 2.49 (*H) and 39.7 (**C) ppm for
CD3SOCD3, 7.24 (*H) and 77.0 (**C) ppm for CDCls.

2.3 Physical properties
2.3.1 Optical rotations
Optical rotations were measured on a Perkin-Elmer 341
polarimeter using a sodium lamp operating at 589 nm, 25°C (Pharmaceutical
Research Instrument Center, Faculty of Pharmaceutical Sciences, Chulalongkorn
University), or a Horiba-SEPA-200 automatic digital polarimeter at 23°C (Meiji

Pharmaceutical University).

2.3.2 Meélting point
Melting temperatures were ‘determined on YANACO micro
melting point apparatus (Meiji Pharmaceutical University).

3. Solvents
All of the organic solvents used in this work excluding the
deuterated solvents for NMR spectra were commercia grade, which were redistilled

prior to use.
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4. Extraction of a Thai Ecteinascidia tunicate

The homogenized tunicate (38 kg wet wt.) was adjusted by
adding a phosphate buffer solution to pH 7, added with a solution of 10% KCN for 5
hours, adjusted to pH 7 again and macerated with methanol for 1 night (x3 times).
The supernatant was further concentrated by rotary evaporator at temperature not
exceeding 50°C and partitioned with ethyl acetate. The ethyl acetate layer was
evaporated under reduced pressure at temperature not exceeding 50°C to give the
ethyl acetate extract (dark-brown oil, 19.7 g), which was dissolved in methanol (15
ml) and re-extracted with hexane (3 x 30 ml). Both extracts were evaporated under
reduced pressure to yield 12.2 g of the methanol extract and 8.4 g of the hexane
extract ( 0.032% and 0.022% of wet wt., respectively) as shown in Scheme 2.

The methanol extract and the hexane extract were examined
using proton NMR measurement. The methanol extract showed intense characteristic

signals of the ecteinascidins, and was further isolated.



Ecteinascidia sp. (38 kg wet wt.)

Tunicate Material

1. homogenized

2. adjusted to pH 7 by phosphate buffer
3. added 10% KCN, stirred 5 hr.

4. repeatedly macerated with MeOH

5. filtered and concentrated

Aqueous MeOH Extract residue
partitioned with EtOAC
I |
EtOAc Extract H-.O
(19.7 g)
1. partitioned with MeOH / Hexane
2. concentrated
Crude MeOH Extract Crude Hexane Extract]
FOOL (12.2 g) F002 (8.4 g)

Scheme 2. Extraction of aThal Ecteinascidia tunicate.
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5. Isolation of chemical constituents from a Thai Ecteinascidia tunicate

The methanol extract FOO1 (12.2 g) was fractionated by gel filtration
chromatography. It was dissolved in a small amount of a mixture of chloroform-
methanol (1:1) and added on the top of a Sephadex LH-20 column (column 2.5 x 70
cm) using a mixture of chloroform-methanol (1:1) as the eluting solvent. Fractions of
25 ml each were collected and combined according to TLC patterns (by using 20%
methanol in chloroform as the developing solvent) and evaporated to dryness to give
6 fractions, FOO3-F008, as shown in Table 1.

Table1 Combined fractions from FOO1.

Fraction Number of eluate Total weight (g)
FO03 1-2 25
FO04 34 5.2
FO05 5 1.7
F006 6 0.9
FOO7 7-8 05
FO08 9-20 11

Each fraction was examined by proton NMR measurement. Fraction FOO4

(5.2 g) showed intense characteristic signals of the ecteinascidins, therefore it was
further isolated by gel filtration chromatography. The column was eluted with
EtOAc. Fractions (25 ml each) were collected and combined according to TLC
patterns by using 10% methanol in chloroform as the developing solvent to give 5
fractions, FO09-FO13, as shown in Table 2.

Table2 Combined fractions from fraction FOO4.

Fraction Number of eluate Total weight (g)
FO09 1-2 04
FO10 3-6 30
FO11 7-12 05
FO12 13-17 0.2
FO13 18-22 0.9
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5.1 Isolation of ecteinascidin 770 (ET 1K) from fractions F010, F025, and
F032

A white powder precipitated from the fraction FO10 was recrystallized
in amixture of chloroform and ethyl acetate to give fine needle crystals (131 mg, 0.67
% by weight of the ethyl acetate extract) and assigned as ET1K (see Scheme 3).
Compound ET1K gave a quenching spot on TLC when detected with UV at 254 nm
(S gel, 10% methanol in chloroform, R; = 0.56) and was later identified as
ecteinascidin 770 (Section 2.1, Chapter V).

Fraction FO10 (2.0 g) was further separated by Sephadex LH-20
column (column 2.5 x 60 cm) using a mixture of ethyl acetate-hexane (9:1) as the
eluting solvent. Fractions of 25 ml each were collected and combined according to
TLC patterns by using 10% methanol in chloroform as the developing solvent to give
4 fractions, FO23-F026, as shown in Table 3.

Table 3 Combined fractions from fraction FO10.

Fraction Number of eluate Total weight (mg)
F023 1-3 130
FO24 4 540
FO25 5-8 800
F026 9-15 170

A white powder precipitated from the fraction FO25 was recrystallized
in a mixture of CHCI3-EtOAC to give fine needle crystals (66 mg, 0.33 % by weight
of the ethyl acetate extract).. This compound gave the same R; value in the same
solvent system asET1K asshownin Scheme 3.
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FOO1

(12.2 g)

Sephadex LH-20
CHCI3:MeOH (1:1)

FO03 FO04 FO05 FO06 FOO7 FO08
(259) (5.29) (1.79) (0909) (059 (119
Sephadex LH-20, EtOAC
FO09 FO10 FO11 FO12 FO13
(049) (3.09) (059) (0-29) (099)
I
White powder FO10
Precipitation (2.009)
Recrystallization Sephadex LH-20
in CHCI3:EtOAC EtOAc:Hexane (9:1)
ET1K mother liquor F023 FO24 F025 F026
(131 mg) FO14* (130 mg) | | (540 mg) (800 mg)| | (170 mg)
(820 mg)
White powder FO25*
precipitation (560 mg)
Recrystallization
in CHCl;:EtOAC
I |
ET1K mother liquor
(66 mg) FO27*
(153 mg)

Scheme 3 Isolation of the methanol extract (FOO01).
* was further separated.
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Fraction FO25 (560 mg) was further separated by silica gel column
(column 2.5 x 20 cm) using a mixture of ethyl acetate-hexane (4:1) as the eluting
solvent. Sixteen fractions (each 25 ml) were collected. The eluates were pooled
according to TLC patterns (Si gel, 10% methanol in chloroform as the developing
solvent) to give 4 fractions, FO31-F034, as shown in Table 4.

Table4 Combined fractions from fraction FO25.

Fraction Number of eluate Total weight (mg)
FO31 1-4 230
FO32 o7 80
FO33 8-9 39
FO34 10-16 70

White powder precipitated from the fraction FO32 was recrystallized in
amixture of chloroform and ethyl acetate to give fine needle crystals (27 mg, 0.13 %
by weight of ethyl acetate extract). This compound gave the same R; value in the

same solvent system as ET1K (Scheme 4).

FO25
(560 mg)
Silica column
EtOAc:Hexane (4:1)
FO31 F032 FO33 FO34
(230 mg) (80 mg) ET2K (70 mg)
(39 mg)

Recrystallization
in CHCI3:EtOAC

ET1K
(27 mg)

Scheme 4 Separation of fraction FO25.
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5.2 Isolation of ecteinascidin 786 (ET2K) from fractions FO14 and F027

The mother liquor (FO14, 820 mg) was fractionated on Sephadex LH-
20 gd filtration column (column 2.5 x 70 cm) using a chloroform-methanol (2:1) as
the eluting solvent. Fractions (25 ml) were collected and combined by using TLC
technique (10% methanol in chloroform). Fractions with the same TLC patterns were
concentrated to give 3 fractions, FO15-F017, as shown in Table 5.

Table5 Combined fractions from fraction FO14.

Fraction Number of eluate Total weight (mg)
FO15 1-3 10
FO16 4-6 570
FO17 72 20

The TLC chromatogram (Si gel, 20% hexane in ethyl acetate) of
fraction FO16 (570 mg) showed interesting spot at R; = 0.44 and therefore the fraction
was further separated by a silica gel column (column 2.5 x 20 cm, 38.5g of Si gel)
using an isocratic elution of ethyl acetate-hexane (4:1) to give 5 fractions, FO18-F022.
The fractions (25 ml each) were combined according to their TLC patterns, devel oped
with the solvent system of EtOAc:hexane (4:1) as shownin Table 6.

Table 6 Combined fractions from fraction FO16.

Fraction Number of eluate Total weight (mg)
FO18 1 167
FO19 2-4 145
F020 5-6 97
FO21 7-13 17
F022 14-30 84

Fraction FO21 contained compound ET2K (17 mg, 0.09 % by weight
of the ethyl acetate extract) which was later elucidated as ecteinascidin 786 (Section
2.2, Chapter IV) as shown in Scheme 5.



mother liquor
F014
(820 mQ)

Sephadex LH-20
CHCl3:MeOH (2:1)

FO15 F016 FO17
(10 mg) (570 mo) (20 mQ)
Silica gel column
EtOAc:Hexane (4:1)
FO18 FO19 F020 F021 F022
(167 mg) (145 mo) (97 mg) ET2K (84 mg)
(17 mg)

Scheme5 Isolation of the mother liquor (FO14).
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The mother liquor (FO27, 153 mg) was further separated by a silica gel
column (column 2.5 x 20 cm, 38.5 g of Si gel) using an isocratic elution of ethyl
acetate-hexane (4:1). Eleven fractions (25 ml) were collected and combined guided
by TLC technigue (20% hexane in ethyl-acetate the developing solvent). Fractions
with the same TLC patterns were concentrated to give 3 fractions, F028-F030, as

shown in Table 7.

Table7 'Combined fractions from fraction FO27.

Fraction Number of eluate Total weight (mg)
FO028 1-2 40
F029 4-6 8
FO30 7-11 20
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The TLC chromatogram (Si gel, 20% hexane in ethyl acetate) of
fraction FO29 (8 mg, 0.04 % by weight of the ethyl acetate extract) gave the same Ry

value as ET2K (Scheme 6).

mother liquor
FO27
(153 mg)
Silica column
EtOAc:Hexane (4:1)
F028 F029 FO30
(40 mg) ET2K (20 mg
(8 mg)

Scheme 6 Isolation of the mother liquor (FO27).

Fraction FO25 was separated into 4 fractions as previously mentioned
(Table 4), and fraction FO33 (39 mg, 0.20 % by weight of the ethyl acetate extract)

gave the same R value as ET2K (see Scheme 4).



5.3 Isolation of thymidine (ET 3K)
Fractions FO06 and FOO7 were combined and renamed as fraction FO35
(1.1 g). The TLC chromatogram (Si gel, 10% methanol in chloroform) of this
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fraction showed an interesting spot at Ry = 0.08, and, hence, it was further fractionated
by using Sephadex LH-20 gel filtration column. The column (2.5x70 cm) was eluted
with MeOH:CHCl3:hexane (1:3:1) to give 5 fractions as shown in Table 8.

Table8 Combined fractions from fraction FO35.

Fraction Number of eluate Total weight (mg)
FO36 1-2 20
FO37 3-6 390
FO38 7-8 300
FO039 6-10 290
FO40 11-20 50

Fraction FO38 (300 mg) was further separated on a silica gel flash

column (column 2.5 x 20 cm, 38.5 g of Si gel) using a gradient elution of CHCI3 and
MeOH from CHCl3: MeOH (19:1) to 100% MeOH to yield 5 fractions, FO41-F045, as

shownin Table 9.

Table9 Combined fractions from fraction FO38.

Fraction Number of eluate Total weight (mg)
FO41 1-3 120
FO42 4-5 30
F043 6-10 6
F044 11-15 40
FO45 17-34 30

Colorless rosette crystals were obtained from fraction FO43 (6 mg, 0.03

% by weight of the ethyl acetate extract). This compound showed black color spot

after spraying with anisaldehyde reagent and was assigned as ET3K (shown in
Scheme 7). It was later identified as thymidine (Section 2.4, Chapter V).




FO35
(FOO6+F007)

(119

Sephadex LH-20
MeOH:CHCl3:Hexane (1:3:1)

FO36 FO37 FO38 FO39 FO40

(20 mg) (390 mg) (300 mg) (290 mg) (50 mg)
Silica gel flash column
CHCl3:MeOH
(19:1) to 100% MeOH

FO41 FO42 F043 FO44 FO45
(120 mg) (30 mg) ET3K (40mg)| (30 mg)

(6 mg)

Scheme 7 Separation of fraction FO35.
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6. Conversion of ecteinascidin 770 to ecteinascidin 743
(Cuevas et al., 2000)

CHg

AgNO3, H ZO -

ecteinascidin 770 (ET1K) ecteinascidin 743 (ET4K)

Figure4 Conversion of ecteinascidin 770 to ecteinascidin 743.

Ecteinascidin 770 (23 mg, 0.03 mM) was dissolved in a mixture of
acetonitrile and water (3:2 (v/v), 7.5 ml), and solid silver nitrate (102 mg, 0.6 mM, 20
equiv.) was added. The suspension was stirred at room temperature for 26 hrs at
which time a mixture of saturated agueous sodium chloride solution and saturated
aqueous sodium bicarbonate solution (1:1 (v/v), 18.75 ml) was added. The mixture
was stirred vigoroudly for 10 min and partitioned between a mixture of saturated
agueous sodium chloride solution and saturated aqueous sodium bicarbonate solution
(2:1 (v/v), 60 ml) and dichloromethane (3x60 ml).- The combined organic layers were
dried with sodium sulfate anhydrous and filtered through a pad of celite. The filtrate
was concentrated to give ET4K (19 mg, 80 % yield), which was investigated by using
NMR technique to determine the structure and later identified as ecteinascidin 743
(Section 2.3, Chapter V).
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7. Biolgical activity
7.1 Cytotoxic activity
Cytotoxic assay was performed according to the sulforhodamine B
(SRB) colorimetric method (Skehan et al., 1990) using breast cancer cells (BC),
human epidermoid carcinoma cells of the nasopharynx (KB), and Vero cells. The

results are expressed as EDsp (uM) and 1Csp (ng/ml), respectively.

7.2 Antituberculosis activity
Antituberculosis activity was investigated by using the microplate
aamar blue assay (MABA). The candidate compounds were tested against
Mycobacterium tuberculosis H37R, strain.  The minimum inhibition concentrations
(MICs) of the candidate compounds were measured as ug/ml (Collins and Franzblau,
1997).



CHAPTER IV

RESULTSAND DISCUSSION

1. Comparative study of the extraction methods

A large amount of ET 743 is currently required for clinical trial phase
IT study. At this stage, ET 743 has been supplied from both natural source, the
Caribbean tunicate Ecteinascidia turbinata and synthesis source. However, both
approaches are unlikely suitable for the ecteinascidin demand because of their low
total yields.

For the production of ET 743 from natural source, research for tunicate
cultivation is still underway. Therefore, the efficient extraction and isolation method
must be studied to improve the yield since ET 743 was isolated from the tunicate in
the yield of 1x10™% wet weight (Rinehart et al.,1990a).

The Thai Ecteinascidia tunicate sample from the Andaman sea was
used to comparatively study the conventional extraction method (A) with the

modified one (B) as shown in Scheme 8.

Tunicate sample (50 g wet weight) Tunicate sample (50 g wet weight)
1. homogenized 1. homogenized
2. macerated with MeOH 2. added 10% KCN
| | 3. macerated with MeOH
MeOH filtrate residue | |
1. concentrated MeOH filtrate residue
2. partitioned with EtOAc 1. concentrated
[ | 2. partitioned with EtOAc
EtOAc Extraction H,0 I |
EtOAc Extraction H,O
Proton NMR Measurement Proton NMR Measurement
(A) (B)

Scheme 8 Comparison of the conventional extraction method with the modified

extraction method.
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Both ethyl acetate extracts were measured for their proton NMR
spectra (Figure 11). The proton NMR spectrum of the extract from (B) clearly
showed more intense characteristic aromatic proton signals of the ecteinascidins (o

5.5 to 6.5 ppm) than that of the extract from (A).

2. Structure elucidation of theisolated compounds

The Ecteinascidia tunicate (38 kg wet weight) was homogenized and
treated with KCN, and then macerated with methanol. The concentrated methanol
extract was successively partitioned with ethyl acetate to yield 19.7 g of the ethyl
acetate extract which was re-dissolved in methanol and partitioned with hexane. Both
extracts were evaporated under reduced pressure to yield 12.2 g of the methanol
extract and 8.4 g of the hexane extract (3.2x10°% and 2.2x107% of wet weight,
respectively). Three compounds were isolated from the methanol extract. Compound
ETIK (224 mg, 5.9x10% of wet weight) was obtained as fine needle crystals by
recrystallization from the fractions FO10, F025, and F032 using the mixture of CHCl;
and EtOAc. Compound ET2K (64 mg) and ET3K (6 mg) were separated from the
methanol extract by using several chromatographic techniques. The percentage yields
of the compounds were 1.7x107% and 1.6x10°% based on the sample wet weight,
respectively. Compound ET4K, (19 mg) was obtained by treatment of compound
ET1K with AgNO;. The chemical structures of these compounds were characterized
according to analyses of their spectroscopic data including MS, IR, UV, and NMR

spectroscopy, together with literature data comparison.

2.1 Structure elucidation of ecteinascidin 770 (ET 1K)

Compound ET1K was isolated as colorless prisms from MeOH, mp.
214-216°C (dec.); and fine needle crystals from EtOAc, mp. 223-226°C (dec.); [a]*p
-58.51° (¢ = 1.0 g/dl, CHCIl;). This compound has the molecular formula
CaoH42N4O1oS as deduced by ESI-TOF MS (Figure 12) showing a protonated
molecular ion peak of [M+H]" at m/z 771, which indicated twenty two degrees of

unsaturation.

The UV spectrum (Figure 13) exhibited A, at 240 (¢ 13860) and 286
nm (¢ 6237). The IR spectrum (Figure 14) showed absorption bands for hydroxy at
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3560 cm™ , amine at 3450 cm™, cyanide (CN) at 2250 cm™, and ester carbonyls at
1740 and 1770 cm’.

The 300 MHz '"H NMR spectrum (Figure 15) of ET1K showed the
signals attributable to an N-methyl protons at & 2.17 ppm (12-NCH3), two aromatic
methyl protons appearing as two singlets at 6 2.01 ppm (6-CHj3) and 2.29 ppm (16-
CHs;). Two methoxy groups were presented as two singlets at 8 3.76 ppm (17-OCHj3)
and 0 3.59 ppm (7'-OCHj3). The methyl protons of an acetoxyl group were at 6 2.24
ppm (5-OAc). The "H-NMR spectrum also showed two doublets with J= 1.2 Hz at &
6.02 ppm (1H) and 5.95 ppm (1H) which were assigned as bisoxymethylene protons
at C-23. Three singlets of aromatic protons at 6.58 ppm, 6.44 ppm, and 6.42 ppm
were assigned to H-15, H-5', and H-8', respectively. The signals of two phenolic
hydroxyl protons were at & 5.77 ppm (18-OH) and 5.45 ppm (6'- OH).

The 75 MHz ""C NMR spectral data in CDCl; (Figure 16) showed
forty signals. The DEPT-90 (Figure 17), DEPT-135 (Figure 17), and HMQC (Figure
18) spectra of ET1K were used to classify the types of carbons and their connectivity
with nearby protons. The 75 MHz *C NMR spectrum possessed the signals of two
methyl carbons connecting to double bonds at & 9.8 ppm (6-CHj3) and 15.9 ppm (16-
CHj3); an N-methyl carbons at 6 41.7 ppm (12-NCHjs); an acetate methyl carbon at o
20.5 ppm (5-OAc); two methoxy carbons at & 60.3 ppm (17-OCHs) and 55.2 ppm (7'-
OCH3). Three sp” methine carbons appeared at & 120.6 ppm (C-15), 114.0 ppm (C-
5"), and 109.7 ppm (C-8'); whereas six sp’ methine carbons appeared at & 61.2 ppm
(C-1), 59.7 ppm (C-3), 41.9 ppm (C-4), 54.8 ppm (C-11), 54.7 (C-13), and 59.7 ppm
(C-21) and six sp® methylene carbons at & 24.3 ppm (C-14); 60.0 ppm (C-22), 39.7
ppm_(C-3'), 28.9 ppm (C-4"), and 42.3 ppm (C-12'). - The most downfield sp3
methylene carbon signal at & 101.8 ‘ppm (C-23) was the methylenedioxy carbon.
There were nineteen quaternary carbon signals in the >C NMR spectrum, of which
the most upfield quaternary carbon was at & 64.6 ppm (C-1'). The downfield
quaternary carbon signals at & 141.2 ppm (C-5), 145.1 ppm (C-7), 139.9 ppm (C-8),
142.9 ppm (C-17), 147.6 ppm (C-18), 144.4 ppm (C-6"), and 144.1 ppm (C-7") were
assignable to oxygenated sp” carbons. The carbon signals at § 113.3 ppm (C-6), 114.0
ppm (C-9), 121.1 ppm (C-10), 129.1 ppm (C-16), 118.0 ppm (C-19), 130.6 ppm (C-
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20), and 125.6 ppm (C-9') were defined as un-oxygenated sp” quaternary carbons.
One quaternary carbon signal at 6 118.0 ppm (21-CN) was that of a sp carbon
connected to a nitrogen atom. The most downfield carbon signals at & 167.9 (5-
OCOCH3) and 172.3 ppm (C-11") were those of ester carbonyl carbons. The 'H and
C NMR assignments of ET1K were achieved by interpretation of the data obtained
from the 'H -'H COSY spectrum (Figure 19), TOCSY spectrum (Figure 20), and
long-range 'H-"C connectivities which were determined through a series of the 'H-

detected 2D HMBC ("Jyc = 8 Hz, Figures 21-24 and 4 Hz, Figure 25) experiments.

The aromatic substituents of ring A were assigned as follows: methyl
group has been located at C-16 based upon 'H-"C long-range correlations (HMBC)
of H-15 to the 16-CHj; carbon and of the 16-CHj3 protons to both C-15 and C-16. The
position of C-17 was assigned on the basis of 'H-">C long-range correlations of the H-
15 and 16-CHj; protons to C-17. The chemical shift of C-17 (o 142.9 ppm) suggested
an oxygen substitution. A methoxy group was attached to C-17 based upon long-
range correlation of the 17-OCH; protons to C-17, whereas C-18 was confirmed by
the HMBC correlation between H-11 and C-18. The position of C-19 (118.0 ppm)
was assigned by the HMBC correlations of H-3, H-11, H-14, and H-15 to C-19. The
HMBC correlations of H-11 and H-14 to the quaternary carbon signal at 6 130.6 ppm
helped in the assignment of that carbon signal as that of C-20. And also, from the
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HMBC spectral data, the 18-OH showed long-range correlations to C-17, C-18, and
C-19, confirming the 18-OH as located on C-18.

Closure of B ring was achieved by insertion of a nitrogen between C-11
and C-13. The positions of C-11 and C-13 were determined by 'H-">C long-range
correlations of H-11 and H-21 to C-13. The HMBC correlations were also observed
between the 12-NCHj protons and both C-11 and C-13, which therefore placed the N-
CH; group at position 12. C-14 was confirmed by "H-">C long-range correlation

observed between H-15 and C-14.

The C, D, and E rings were elucidated based on the following
arguments: the C ring was formed by insertion of a nitrogen between C-1, C-3, and C-
21, which was confirmed by the chemical shifts of C-3 and C-21 as well as the
HMBC correlations between H-21 to C-3 and between H-1 and H-14 to C-21. The
positions of C-1 and C-22 were ‘confirmed by the 'H-'">C long-range correlations
between H-22 to C-9 and C-11' and between H-1 to C-9. The 21-CN carbon was
assigned ‘as the carbon signal at 8 118.0 ppm which showed 'H-">C long-range
correlation between H-21 and the 21-CN carbon. The 'H -'H COSY and TOCSY
spectra suggested that C-4 and C-12" were not vicinal but was separated by insertion
of a sulfur atom. The sulfur attached to C-4 could be identified by NMR resonances
of H-4 at § 4.54 ppm and C-4 at § 41.9 ppm, very similar to the other ecteinascidins
(Wright, 1990). A methylene carbon at & 42.3 ppm (C-12") correlated to very broad
proton signals at & 2.11 ppm and 2.31 ppm (H-12") was also assignable to a sulfide-
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substituted methylene carbon. The substituents on the E ring were confirmed as
follows: the downfield chemical shifts of C-7 (6 145.1 ppm) and C-8 (& 139.9 ppm)
both suggested oxygen substitution. The HMBC correlations were observed between
the bisoxymethylene protons, H,-23, and C-8 and C-7. The 6-CHj; protons have long-
range correlations to C-5, C-6, and C-7 which helped in assigning the positions of
these three carbons. A methyl group was located at C-6 based upon 'H-""C long-

range correlation observed between the 6-CHj; protons and C-6.

The isoquinoline ring (F and G) was assigned from the HMBC
correlations of H-5" to C-4' and H-8 to C-1'. The positions of C-7' and C-9" were
both confirmed by the HMBC correlations between H-5' and the 7'-OCH3; protons to
C-7" which located the methoxy group at this position and H-5" to C-9'. The H-8' also
displayed long-range correlations to C-6" and C-10" which suggested the positions of
these two carbons.  The position of the carbonyl C-11" was assigned by the HMBC

correlation between H-22 and C-11".
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Figure5 Structure of ecteinascidin 770 (ET1K).

The relative stereochemistries at C-1, C-3, C-4, C-11, and C-13 of
ETIK were deduced from NOESY experiments (Figures 26-28). The clear 'H-'H
NOE correlations of H-1/H-3/H-4/H-11/H-13 assured the o-orientation of these
protons in the molecule. Substitution of the cyano group at the a-position of C-21
was confirmed by the following 'H-'"H NOE correlations H-21 to H,-14, H-1, and H-
13 and no correlation between H-21 and H-3. These stereochemistries of ET1K was
found to be the same as those of other reported ecteinascidins (Wright, 1990).

ETIK was identified as ecteinascidin 770 (ET 770), which was
previously obtained from ET 743 of Ecteinascidia turbinata by treatment with KCN
(Rinehart et al., 1991a). The assignments of protons and carbons for the structure of

ET1K with '"H-"C long-range correlations are summarized in Table 10.



Figure6 Correlations observed in the NOESY spectrum of ecteinascidin 770
(ETIK).
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Table10 'H and ">C NMR spectral data and 'H-""C long-range correlations in the
HMBC spectra of ET1K".

Position Sc(ppm) Su(ppm), mult. HMBC HMBC
(Jin H2) ("Juc = 8H2) ("I = 4H2)

LS 612 |- 432,bes | C9C21 | ST
SN I 597 ] 350,d@d4 CILC19 | . G2t
4 a9 ] 454brs = .
S 412 A L Y 7 . S PR ST
IR 113.3 S/ S e R ST
LA 1451 — ml® S — ST
8 . 1399 e, e - .
LA N 1140 ™ 7 7 S RN N SO PR .
10 | 1211 4 L0} C R RN, - .
11 54.8 4.26,d (4.4) C-3,C-4, C-13,C-18, C-3, C-18, C-19,

______________________________________________________ cl19,¢20 | ..C20
13 47 ] gAdim. (08 M0N0 Gt ST
14 24.3 2.92,2H, m C-13, C-15, C-19, C-20, -

_______________________________________________________ G2l .
15 | 1206 | 6.58,s ...l . 16-CH; C-14,C-17,C-19 | 16-CH;
16 | .. 1291 ] Ll N - .
7 1429 TR . e PR .
18 e, ol S N A R .
[ 1180 | ST
20 1306 . | o SR - ST
21 . 59.7 |- 416,d(23) ] C3CI3,21-CN | C13 .
22 60.0 a4.12,dd (11.4,2.1) C-9,C-11" C-11', C-9, C-1

S ol bélkgholq e ayne
23 101.8 6.02, s C-7,C-8 C-7,C-8

_____________________ 595,s ot | e Nl
I’ \ERZ\ANRd i d A 113 L 1 Vsl 151 ST
3 39.7 a 3.07, ddd - -

(10.9, 10.5,4.3)

____________________ B276,m |l
4' 28.9 o 2.44, m - -

____________________ B2.59m T
S 1140 ] 644,s . C4,C6, C-7,C9 | CA4,C06,CT
U 1444 . Sl R SRR ST
7 144.1 _ _ _
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Table 10 (continued)
Position 8c(ppm) dr(ppm), mult. HMBC HMBC
(Jin H2) ("J = 8H2) ("Juc = 4H2)
8’ 109.7 6.42,s C-1',C4', C-6', C-7', C-10, C-1',C4", C-6',
__________________________________________________________________________ C7.cy
EAN N 1256 . - = R
LU 1290 | - = U
.| 1723 | el S 1LY ¥ - PR U
12/ 423 2318d - _
______________________ i o M s
5-OCOCH; 167.9 - - —
5-OCOCH;3; 20.5 2.24,s 5-OCOCH; 5-OCOCH;
6-CH; 9.8 2.01,s C-5,C-6, C-7 C-5,C-6,C-7,
________________________________________________________________________________ 8
16-CH; 15.9 2.29,s C-15, C-16, C-17 C-15, C-16, C-17,
DY MY & Sy Yo 40 W\ N N SRR 2
17-0CH; | 603 |- ) (e WA B\ X C17,C-18 ] C-11,C-17,C-18
7-OCH; | 52 48 3598 i | CELCT 7o
12-NCH; | a7 ] Ay-——— "' N cipc13 | CGILCGI3
2LCN | 1180 7] M= ——— @ - U
180H | . e TR AN 2 SN C-17,C-18,C-19 | C:17,C-18,C-19
6'-OH — 5.45,brs £ _

recorded in CDCl;.
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Table 11 Comparison of "H NMR spectral data of ET1K* with ET 770*".

Position Su(ppm), mult, Jin H2)
ET1K? ET 770*°
1 432,brs 4 432,brs
3 350d¢44 3.50,d(5) .
4 454,brs 457,brs
11 426,d¢44 428,d(53) .
13 3400mp RS, |G 342m
14 i AT 7.7 I 294m
15 R A 6.60,s
21 INONUA(2.3) T  e—— 418,d25
22 o 4.12,dd (11.4, 2.1) 4.12,dd (11.5,2.1)
B5.01,d(11.4) ooy
23 6.02, s 6.05, s
5.95,s 398,
3 o 3.07,ddd (10.9, 10.5, 4.3) 3.10, ddd (11, 10, 4)
B 2.76,m 20w
4’ o 2.44, m 2.47, m
B2.59,m 26lm
s 6.44, s 84T,
8 6.42;s 645
12/ 2.31,d 2.34,d
2.11,d 2.4
5-OCOCH; 2.24,s o 22Ts
6-CHj, 2.01,s e R204s
16-CH; 2.29,s 232,
17-OCH, 3.76,s . 378s
7'-OCH; 3.59,s Doy 3628
12-NCH, 2.17,s . 220s
18-OH 3.5 B A LA OSSN OA A LN I Y
6’-OH 5.45,brs B
recorded in CDCl3

°Rinehart et al., 1990a
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2.2 Structure elucidation of ecteinascidin 786 (ET2K)

The ESI-TOF mass spectrum of ET2K (Figure 29) showed a protonated
molecular ion [M+H]+ at m/z 787 implying a molecular formula CsH4,N4O;;S,
which had one more oxygen atom than ET1K. The compound had melting point of
197-199°C (dec.) and [a]*b -156.9 ° (¢ = 0.6, CHCl;). The UV spectrum of ET2K
(Figure 30) displayed maximum absorption at 243 nm (e 15720) and 289 nm (e 8332).
The IR spectrum (Figure 31) revealed the absorption bands at vp, 3430 cm’!
(hydroxyl OH), 3300 cm™ (amine NH), 2250 cm™ (cyanide CN), 1730 cm™ and 1760

cm’ (ester carbonyl).

The 500 MHz 'H NMR spectrum of ET2K in CDCl; (Figure 32)
exhibited two methoxy protons at 6 3.85 ppm (3H, s; 17-OCH3 ) and 6 3.63 ppm (3H,
s; 7'-OCH3), six methylene protons at 6 3.01 ppm (1H, dd, J=17.2, 9.2 Hz; H-14a);
2.69 ppm. (1H, d, J= 17.7 Hz; H-14B); 4.31 ppm (1H, dd; J=11.6, 2.1 Hz ; H-22);
4.59 ppm (1H, d, J= 11.6 Hz; H-220); 2.99 ppm (1H, ddd, J=12.2, 8.2, 4.0 Hz ; H-
3'a); 2.86 ppm (1H, ddd, J=12.2, 5.2, 4.9 Hz; H-3'8); 2.46 ppm (1H, ddd, J = 15.9,
5.2,4.0 Hz ; H-4' a); 2.61 ppm (1H, ddd, J = 15.9, 8.2, 4.9 Hz; H-4'B); 2.18 ppm (1H,
d, J=14.3 Hz; H-12'a); 3.66 ppm (1H, d, J= 14.3 Hz; H-12' B); and bisoxymethylene
0 6.06 ppm (1H, d, J = 1.2 Hz) and 6 6.01 ppm (1H, d, J= 1.2 Hz ). Four methyl
proton signals at ¢ 2.27, 2.06, 2.31, and 2.24 ppm were assigned to 5-OAc, 6-CHj3, 16-
CHs;, and 12-NCH3, respectively.

The 125 MHz C NMR spectrum of ET2K in CDCI; (Figure 33)
displayed forty carbon signals. Classification of these carbon signals by DEPT-135
and DEPT-90 (Figure 34) experiments indicated two methoxy carbons at & 60.4 ppm
and o 55.2 ppm, nine methine carbons (& 54.6, 54.9, 60.0, 60.6, 60.7, 71.0, 109.4
114.5,’and 122.6 ppm), and nineteen quaternary carbons. According to the HMQC
spectrum (Figures 35-36), three downfield methine carbon signals at 5 122.6 ppm (C-
15), & 114.5 ppm (C-5"), and & 109.4 ppm (C-8') were aromatic carbons. The
downfield quaternary carbon signals at & 142.2 ppm (C-5), 146.1 ppm (C-7), 140.7
ppm (C-8), 147.0 ppm (C-17), 148.0 ppm (C-18), 145 ppm (C-6"), and 144.7 ppm (C-
7") appeared to be those of oxygenated carbons. The most downfield carbon signals at

8 168.9 ppm( 5-OCOCH3;) and o 171.8 ppm (C-11") were ester carbonyl carbons. One
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quaternary carbon signal at 6117.6 ppm (21-CN) was that of a carbon connected to a

nitrogen atom.

The 'H-'H COSY spectrum of ET2K (Figure 37) exhibited the
correlations of the coupled protons as follows: H-3'a (6 2.99 ppm) was coupled with
H-3'8 (2.86 ppm) with J = 12.2 Hz of geminal coupling and was vicinal coupled with
H-4'a (6 2.46) and H-4'B (0 2.61); H-4'a was coupled with H-4'8 with J = 15.9 Hz of
geminal coupling; H-14p (6 2.69 ppm) was geminal coupled with H-14a (8 3.01
ppm) with J= 17.7 Hz and was coupled with H-13 (6 3.43 ppm) with J=9.2 Hz; H-
13 was coupled with H-21 (6 4.07 ppm) and H-11 (& 4.67 ppm) with J=2.8 and 1.2
Hz, respectively; H-11 was vicinal coupled with H-3 (6 3.74 ppm) with J=4.3 Hz; H-
22 a (6 4.31 ppm) was coupled with H-22 3 (6 4.59 ppm) with J= 11.6 Hz of geminal
coupling and H-1 (& 4.31 ppm) in vicinal coupling; and H-12' a (5 2.18 ppm) was
coupled with H-12' B (6 3.66 ppm) with J= 14.3 Hz of geminal coupling.

Structure determination of ET2K was finally accomplished by the
HMBC spectrum ( "Jyc = 8 Hz ) (Figures 38-40). The assignments of protons and

carbons and long-range correlations of ET2K are summarized in Table 12.

The aromatic substituents of the ring A were assigned as follows: the
signal at 8 122.6 ppm was assigned to C-15 based on 'H-"C long-range correlations
observed between C-15 and the H-14 and 16-CHj; protons. A methyl group (& 16.0
ppm) was located on C-16 (& 130.6 ppm) based on 'H-">C long-range correlation
between the 16-CHj3 protons and C-16. A methoxyl group at 6 60.4 ppm (17-OCHs)
was attached to C-17 (8 147.0 ppm) based on 'H-""C long-range correlation between
the 17-OCH; protons and C-17. The 18-OH showed 'H-"°C long-range correlations to
C-18 and C-19, suggesting that the 18-OH was located on C-18 (6 148.0 ppm).
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The B, C, D, and E rings were determined as follows: the position C-11
(8 54.9 ppm) and C-13 (& 54.6 ppm) were assigned by long-range 'H-""C correlations
of H-3 and H-13 to C-11 and H-11, H-14a, H-21 to C-13. The N-CHj3 group was
located at position 12, which was confirmed by long-range 'H-">C correlations
observed between the 12-NCHj5 protons and C-11 and C-13. The chemical shift of C-
21 (8 60.6 ppm) was confirmed by HMBC correlations of H-1 and H-14a to C-21.
The cyano group at position 21, which was assigned to the carbon signal at & 117.6
ppm by a long-range 'H-"C correlation between H-21 to 21-CN carbon. The
downfield chemical shifts of both C-7 (& 146.1 ppm) and C-8 (6 140 ppm) suggested
oxygen substitution at these positions. The 'H-""C long-range correlations were also
observed between the bisoxymethylene protons to C-7 and C-8. The positions C-5 (&
142.2 ppm), C-6 (6 114.1 ppm), and C-7 (6 146.1 ppm) were assigned according to
HMBC correlations observed between the 6-CHj protons and these three carbons.
Comparison of the C signals of C-4 and C-12' of ET2K with those of ET 770
revealed the downfield shifts of C-4 (8 71.0 ppm in ET2K and 6 41.9 ppm in ET 770)
and C-12" (8 67.7 ppm in ET2K and & 42.3 ppm in'ET 770). The data suggested the
replacement of the sulfide bridge by the sulfoxide functional group between the two

carbons.
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On the G ring, C-4' (6 29.1 ppm) and C-7' (o 144.7 ppm) were
assigned by the long-range 'H-""C correlations observed between H-5' and these two
carbon signals. The proton H-8' displayed 'H-">C long-range correlations to C-1' (8
61.6 ppm), C-6' (6 145.0 ppm), and C-10' (6 129.5 ppm), therefore confirmed the

positions of the three carbons.

Figure 7 Structure of ecteinascidin 786 (ET2K).

Relative stereochemistries of ET2K at C-1, C-3, C-4, C-11, and C-13
were found to be the same as those of ET 770 by the correlations observed from

NOESY experiments (Figures 41-42). The cross-peak between H-21 and H-14f3
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confirmed that 21-CN was in the same a-position as in ET 770. ET2K was identified

as a new ecteinascidin derivative, ecteinascidin 786 (ET 786).

Figure8 Correlations observed in the NOESY spectrum of ecteinascidin 786
(ET2K).
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Table12 'H and ">C NMR spectral data and 'H-""C long-range correlations in the
HMBC spectrum of ET2K".

Position Sc(ppm) 8y (ppm), mult. HMBC
(JinHz) ("Juc = 8H2)

| S R 007 ______[.43Ld@) -8, C9,C-10,C21
3ol 6000 ______[.374dd43,28) | CILCI9, .
4 TLO AN s T
S 1422 _LONNWNFS . | o
IR I 1141 NN W e | T
LA I 146.1 Ny 5 s | -
8 140.7 . 1 - T
LA I 1116 Fr X .
LU 1205 o 008 B AN -
L2 S N 49 L. 467,dd(43,12) | C-13,C-18,C-19,C20
3 | 46, 1343,ddd(9.2,28,12) | C1,620
14 249 a3.01,dd (17.7,9.2) C-13, C-15, C-19, C-20, C-21

_________________________ 269,477 |\
ER 1226 fF ARG 665s | 16-CH;, C-14,C-17,C-19
LI 13067 | Macconaie W N o
7 1470 ¥ PSS . T
LU 1480 770 nZ il | T
19 L 1902 SN A -
20 | | S X 4 S
21 60.6 4.07,d (2.8) C-3, C-13, 21-CN
22 61.8 a4.31,dd(11.6,2.1) C-1,C-9, C-11"

________________________ paso.d(Le) o | oo
23 102.3 6.06,d (1.2) C-7,C-8

e pebLady
U Qe R 0n o dot o 1 O TO OO O TN AN D Bl
3’ 39.9 02.99, ddd (12.2, 8.2, 4.0) 4

________________________ B286,ddd (122,52,49) |
4' 29.1 o 2.46,ddd (15.9, 5.2, 4.0) -

________________________ p26l.ddd(159.82,49) |
Sl Has 049 s CACT,C
6 8.0 o
AN N e S S SU TR RS
8 1094 | 0.19s o CLC6,C9C0
9’ 124.5 - —
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Table 12 (continued)
Position 3c(ppm) 31 (ppm), mult. HMBC
(JinHz) ("Jyc = 8H2)
LV 129 T R T
w.__ s T R T
12/ 67.7 0 2.18,d (14.3) -
________________________ p3.66,d(14.3) ..
5-OCOCH; 168.9 4 _
5-0COCH; 20.8 22755 5-OCOCH;4
6-CH; 10.1 2.06, s C-5, C-6, C-7
16:CHy | . 16000 M L4715 ) N 23Ls ! C15,C:16,C-17 .
1720CH; | . 004 S EIEF - 38,8 G
7-0CH; | . By W CEET 3638 ] C7
12-NCH; | A F EF v 224,s ! CILCI3
2ILCN | 117.6 4 &) B " b |\ L W N T
180H | .- R i 0378 C-18,C-19 .
6'-OH - 5.49, brs _

recorded in CDCl;
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2.3 Structure elucidation of ecteinascidin 743 (ET4K)

Compound ET4K was a product from the reaction of ET 770 (ET1K)
with AgNOs in water. The ESI-TOF MS of ET4K (Figure 43) showed a protonated
molecular ion [M+H]" peak at m/z 762 corresponding to the tentative molecular
formula C39H43N30;;S and also presented [MH+-H20] peak at m/z 744. The 9 mass
unit different from ET 770 suggested the replacement of the cyano group in ET 770
by hydroxyl group in ET4K. The UV spectrum (Figure 44) showed absorption
maxima at Amax 245 nm (¢ 15220) and 286 nm (¢ 8219). The IR spectrum (Figure 45)
suggested the presence of hydroxy OH at via 3423 cm™, ester carbonyl ( C=0) at
1741 cm™. Optical rotation [0]*p was -54.52°C (c=0.16, CDCl,).

The 300 MHz 'H NMR spectrum in CDCl; of ET4K (Figure 46)
showed a number of recognizable groups of signals including those of three aromatic
protons at 6 6.58 ppm (H-15), 6.41 ppm (H-5') and 6.44 ppm (H-8'); two aromatic
methyl groups at & 2.01 ppm (6-CHs) and 2.29 ppm (16-CHj3); two aromatic
methoxyls at 6 3.78 ppm (17-OCHj3) and 3.58 ppm (7'-OCH3); an N-methyl at 6 2.15
ppm (12-NCHs); an aromatic methylenedioxy unit at 5 5.91 and 5.99 ppm (H,-23)
and one methyl group of an acetate group at 6 2.24 ppm (5-OAc).

Analyses of the 75 MHz *C NMR (Figure 47), DEPT-135, and DEPT-
90 (Figure 48) NMR spectra revealed that compound ET4K contained six methyl
carbons which appeared as signals at 0 20.4 ppm (5-OAc), 9.7 ppm (6-CHj3), 15.8
ppm (16-CH3), 41.4 ppm (12-NCH3), 60.3 ppm (17-OCHj3), and 55.1 ppm (7'-OCH3).
Six methylene carbon signals appeared at o 24.0 ppm (C-14), 61.4 ppm (C-22), 101.6
ppm (C-23), 39.7 ppm (C-3"), 28.8 ppm (C-4'), and 42.1 ppm (C-12"), whereas nine
methine carbons at 6 55.9 ppm (C-1), 57.7 ppm (C-3), 42.1 ppm (C-4), 54.9 ppm (C-
11), 57.8 ppm (C-13), 120.9 (C-15), 82.1 ppm (C-21), 114.0 ppm (C-5"), and 109.8
ppm (C-8'). A missing quaternary carbon signal (at & 168.3 ppm) of the 5-OAc ester
carbonyl was identified through its correlation in the HMBC spectrum with the
methyl proton signal of that acetyl group at & 2.24 ppm. The absence of the cyano
carbon signal at & 118.0 ppm and the presence of the carbon signal of C-21 at & 82.1
ppm clearly demonstrated that the hydroxy group must be located at C-21. This was
also confirmed by the absence of CN absorption in the IR spectrum. The NOESY
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spectrum (Figures 52-53) showed correlation between H-21 and H-14, therefore
establishing 21-OH as in the alpha position.

From the '"H-"H COSY (Figure 50) and HMQC (Figure 49) spectra all
protonated carbons could be assigned. The HMBC experiment (Figure 51) showed
long-range correlations between 'H and "°C signals, which helped in assigning carbon
positions. The 300 MHz 'H NMR and 75 MHz ">C NMR data of compound ET4K
were compared with those of ecteinascidin 743 isolated from Ecteinascidia turbinata
(Table 13), and conclusively confirmed that ET4K is identical to ecteinascidin 743.
These 'H and”’C NMR data of compound ET4K including long-range HMBC

correlations are summarized in Table 13.

H,C

Figure 9 Correlations observed in the NOESY spectrum of ecteinascidin 743
(ET4K).
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Table 13 Comparison of 'H and ?C NMR spectral data of ET4K and ecteinascidin
743 and 'H-"C long-range correlations in the HMBC spectrum of ET4K".
Position ET4K? ET743*
8¢ 81 (ppm), mult. HMBC 8¢ 81 (ppm), mult.
(ppm) (JinHz) ("Jnc = 8H2) (ppm) (JinH2)
1 L 479.brs ] C8,CHC2l | 0 Lo 483,brs
3 AT 354,d@48) | G STT o 359, d@4)
4 I S 445dC0 8 LWL 4 2 W 21 | 450brs
> R S R =ML/, o e | 413 | S
6 LAl ] — e N m— 25 | S
7 R 1 S I _— 1 =3 e —_— 1451 | S
8 1405 | e - /11 BRN N e 1404 | S
2 159 T LR SR 1s9 1 -
10 | 1218 o & LI, 5 4% N NN N TR -
11 L 2 N 415d49) | C-19,C20 | 49 | 4.18,dd(4.2,16)
13 LT 3.6, bgd @2), (1) & RN A b 323,m
14 24.0 2.85,2H,m C-21 24.1 2.91,d(18.0)
] 2.88,dd(18.0,92)
15 120.9 6.58, s 16-CH;, C-17, 120.9 6.62, s
_____________________________________ St TN ) N
16 292 il R R 1291 | S
17 1429 | e AN =SV 1429 | S
18 L 1ATT el — P e 375 | S
19 | 1179 SATSSs e — i N -
20 | o1BLs o gl o — ] - LR -
21 |8zl ] 445460 | R N 21 | 450,d33)
22 61.4 0 4.00,dd (11.2, C-9,C-11" 61.3 4.06,dd (11.3,2.5)
1 5.14,dd (11.3, 0.9)
________________ pso8.dt2 | ool
23 101.6 5.99, s C-7,C-8 101.6 5.95,d(1.2)
_________________ S9Ls Lol oo 1e03d2)
U N5 T SRR S BN SRR o 2T I -
3 39.7 o 3.09, ddd (15.4, - 39.7 3.14,ddd (11.8,9.8, 4.2)
10.6,3.8) 2.82(11.8,5.4,3.8)
________________ p279m | ol
4 28.8 a2.45,d(15.9) - 28.9 2.49,ddd (15.7,4.2, 3.8)
EURRRRRR 259 m ] 2.62,ddd (15.7,9.8,54)
5 114.0 6.41,s C-4',C-6, C-7', 114.9 6.48,s
N N NN o AN
6 144.4 - - 144.4 _
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Table 13 (continued)
Position ET4K? ET743*°
3¢ 8n(ppm), mult. HMBC 3¢ 3u(ppm), mult.
(ppm) (JinH2) ("Inc = 8Hz) (ppm) (JinHz
T o . R DR SRR 442 | -
8 109.8 6.44, s C-6',C-7', C-9', 109.8 6.46, s
_______________________________________ Clo
9 1260 0 e L || Y ¥ U 1260 | - -
10 2 S . e S\ USS S Fa | 1290 | -
1 2 s A V2.5 | -
12/ 421 | 215 = 422 2.18,d (13.9)
______________ 234 ol ]237,d039) .
5-OCOCH; 168.3 - N 168.3 -
5-OCOCH; 20.4 2245 5-OCOCH3 20.4 2.28,s
6CH; | ! 97 ... 20Ls | C-5,C6,C7 | 97 | 204s
16-CH; __ | ] 158 | . 22%s ... C15,C-16,C-17| 158 | 233%s .
17-0CH; | 603 | 378s . | . . CA7% N 603 | . 38Ls
7'-OCH; oSS 388 Co,C-7 | St | 363s
12-NCH; 41.4 2.15, s C-11,C-13, 41.4 2.19,s
&1
recorded in CDCls

°Rinehart et al., 1990a
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2.4 Structure elucidation of thymidine (ET3K)

Compound ET3K was obtained as colorless rosette crystals, and its
TLC spot (silica gel) showed black color after spraying with anisaldehyde reagent.
The ESI-TOF MS (Figure 54) of ET3K showed a molecular ion peak [M+H]" at nvz
243 corresponding to the molecular formular C;oH;40sN,. The mass spectra have a
fragment ion at m/z 127 due to the loss of one molecule of deoxy sugar and also
showed a fragment ion at 117 m/z due to loss of pyrimidine base. The UV spectrum
(Figure 55) showed absorption maxima at A at 215 nm (¢ 3973). and 266 nm (g
6998). The IR spectrum (Figure 56) indicated the presence of hydroxyl group at Viax

3396 cm™ , an amide group at 3250 cm™ , an amide carbonyl group at 1694 cm™.

The 300 MHz 'H NMR spectrum (Figure 57) of this compound,
recorded in DMSO-ds, showed 13 proton signals including those of four methine
protons (6 3.73, 4.22, 6.15, and 7.61 ppm), two methylene protons (& 2.08 and 3.52
ppm), two hydroxyl groups (& 5.01 and 5.22 ppm), one methyl protons (3 1.75 ppm)
and one amide proton (8 11.27 ppm). Analyses of the 75 MHz "*C (Figure 58),
DEPT-135 and DEPT-90 (Figure 59) NMR spectra revealed the presence of ten
signals of carbons which could be classified into those of one methyl carbon at 6 12.4
ppm (CHs-5); two methylene carbons at 6 39.6 (C-2') and 61.5 ppm (C-5'); four
methine carbons at § 136.3 (C-6), 83.9 (C-1), 70.6 (C-3’), and 87.4 ppm (C-4'); and
three quaternary carbon at & 150.6 (C-2), 163.9 (C-4), and 109.5 ppm (C-5), which

two out of these three quaternary carbons were amide carbonyls (C-2 and C-4).

The 2'-deoxy ‘sugar part was analyzed through the 'H-'H COSY
spectrum; (Figure 61), which demonstrated the coupling of H-1" triplet.at & 6.15 ppm
to H-2" multiplet at 6 2.08 ppm with the coupling constant of 6.8 Hz. The H-2'
multiple showed further coupling with the broad singlet of H-3" at & 4.22 ppm, which,
in turn, showed coupling with H-4" doublet at 6 3.73 ppm (J = 2.9 Hz). In addition,
the 3’-OH doublet at 6 5.22 ppm was coupled with H-3" (J = 3.9 Hz), while the H-4'
alternately coupled with H-5" multiplet at 6 3.52 ppm. Finally, the 5'-OH triplet at &
5.01 ppm also showed coupling with H-5" with the coupling constant of 4.9 Hz.
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These spectral evidences suggested the linkage of C-1'/C-2'/C-3'/C-4'/C-5'/C-3'/3'-
OH and C-5'/5"-OH.

The complete carbon and proton assignments of compound ET3K were

achieved by the analysis of HMQC (Figure 60) and HMBC (Figure 62) spectra.

The quaternary carbon assignments were determined by the long-range
coupling observed in the HMBC spectra (Figure 62). The signal at 6 150.6 ppm was
assigned as C-2 by the long range coupling with H-6 (& 7.61 ppm). The signal at 6
163.9 ppm was assigned as C-4 by the long range coupling with 5-CH3 (& 1.75 ppm)
and H-6 (& 7.61 ppm). Analyses of the spectral data indicated that compound ET3K
was thymidine or thymine-2'-deoxyriboside. The 'H and >C NMR data of compound

ET3K with long-range correlations are summarized in Table 14.

Thymidine is a nucleoside composed of a pyrimidine base and a
deoxysugar (deoxyribose). The pyrimidine base is thymine which can be found in
DNA. There have been reports showing that some tunicates such as a Didemnum
voeltzkowi (Mitchell et al., 1996) also produced thymidine.

Figure10 The long-range heteronuclear correlations observed in the HMBC
spectrum of thymidine (ET3K).
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Table 14 'H and ">C NMR spectral data and "H-">C long-range correlations in the
HMBC spectrum of ET3K".

Position

8c(ppm)

81 (ppm), mult.
(JinH2)

3'-OH

5'-OH

3-NH

I P °2dC8) |

_T6lbrs
6.15,6(683)
422 brs
0373,d@9)
(352m

S0Lt@E9)
11.27,s

recorded in DMSO-de.




3. Biological activity of the isolated compounds

3.1 Cytotoxic activity
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The isolated compounds were tested for cytotoxic activity against KB cells,

BC cells and Vero cells . The results are shown in Table 15.

Table 15 Cytotoxic activity of the ecteinascidins.

Compound KB cells BC cells Vero cells
EDso (uM) EDso (uM) | Cso (UM)
ET 770 3.4x107 3.2x10° -
ET 786 1.5x10" 4.3 -
ET 743 f - 2.7x10

Compounds ET 770 and ET 786 were strongly cytotoxic to KB and BC

cells. ET 743 showed cytotoxic activity against Vero cells.
3.2 Antituberculosis activity

The isolated compounds were tested for antituberculosis activity against
Mycobacterium tuberculosis H37R, by microplate alamar blue assay (MABA). The

results are shown in Table 16.

Table 16 Antituberculosis activity of the ecteinascidins.

Compound Mycobacterium tuberculosis
MIC (ng/ml)
ET 770 0.1
ET 786 1.56

Compounds ET 770 and ET 786 showed antituberculosis activity against
Mycobacterium tuberculosis H37R, at MIC of 0.1 and 1.56 pg/ml, respectively.
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Compound ET 786, which contains the sulfoxide group, is less active than
compound ET 770, which has the sulfide group, in both cytotoxicity and

antituberculosis activity.

AONUUINYUINNS )
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CHAPTER YV

CONCLUSION

A specimen of a Thai tunicate, Ecteinascidia sp., was collected from
Phuket. We reported the isolation method for more stable ecteinascidins by treatment
of the tunicate with KCN before the extraction. The first isolated compound was
identified as ecteinascidin 770, which showed potent cytotoxicity against human
epidermoid carcinoma cells of the nasopharynx and breast cancer cells with EDsg of
3.4x10? and 3.2x10° M, respectively. The antituberculosis activity of ecteinascidin
770 against Mycobacterium tuberculosis was at MIC of 0.1 pg/ml. Thisis the first
report of the antituberculosis activity of this compound, which might be due to its
cytotoxic activity. The second isolate was elucidated as a new ecteinascidin
derivative, ecteinascidin 786, which also exhibited potent cytotoxicity against human
epidermoid carcinoma cells of the nasopharynx and breast cancer cells with EDsg of
1.5x10™ and 4.3 uM, respectively. The antituberculosis activity of ecteinascidin 786
against Mycobacterium tuberculosis was at MIC of 1.56 ug/ml. The third compound
was ecteinascidin 743, which was produced by treatment of ecteinascidin 770 with
AgNOg, in 80% yield and showed cytotoxic activity against Vero cells at 1Csp 2.7x
102 uM. Ecteinascidin 743 is a promising anticancer agent which is currently being
studied in clinical trials phase Il. The last compound was determined as thymidine,
which has been reported from a Didemnum voeltzkowi.

In_order to obtain higher yield of ecteinascidin 743 from natural
sources, addition of KCN' into the tunicate suspension might be applied for the
extraction method. Ecteinascidin: 743 is_converted to the more stable cyano-
derivative ET 770 before the extraction. After the isolation, the cyano-derivative is
able to be reconverted to the hydroxy derivative ET 743.

The information gained in this study is valuable for further research on

the chemical constituents of the genus Ecteinascidia.
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Figure 11 The 300 MHz 'H NMR spectra of the crude extracts from conventional and modified extraction methods.
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Figure 12. The ESI-TOF MS spectrum of ecteinascidin 770 (ETIK).

€L



o 0O = 9 o= QW o D

it

1.0+

CH,

A

. 0.081
] 286
- r

0.0 l||J'|Illllllllllllllllll!llllllll'lll!llllT'llll][IlIlIl'l]I'll'llll]llll'l!lllll’fl'llIII|lll'!l[]l

200 220 240 260 280 300 320 O 360 300 400

Nanometers

Figure 13 The UV spectrum (in MeOH) of ecteinascidin 770 (ET1K).

L



100} ¢

LA
1640(| ||/
1 i !
1600
=l
| 1520 |

FU. SR
M -y

iy ( ¥ | = &\~
- -4000 3500 3600 25{90 2406 : ‘z“l O l(}l"'O '
“WAVENUMBER CMT_ : |

Figure 14 The IR spectrum (KBr disc) of ecteinascidin 770 (ET1K).

790

880

1100
1220

580

SL



5.0Ac 12-NCH;

6-CH,

¥

ppm
2
2

1.3

20

25

3.0

35

4.0

4.5

5.0

55

6.0

6.5

Figure15 The 300 MHz "H NMR spectrum (in CDCl) of ecteinascidin 770 (ET1K).

76



vy o hl o Ealinal . X =] B s Ba K- &+ o
3 2 B-noElE GiocEgdEal & $HERETYNBETIREBNNSEE § 8% if s
B £933952 SRANSREICE 8 FECEICBSRARANAAATIFIS & I & 2°F 3
L N\ I VO W \
*-OCH, . 11,13
7-0CH,, 22,21, 3 1 12',4,12-NCH.
_",:. 50Ac 16-CH;
(o ' NG
3 14 !

T T T T T T T T T T T T T T T T
175 170 165 160 155 150 145 140 135 130 125 120115 1100 105 1000 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 ppm

T T T T T T T T T T T

Figure 16 The 75 MHz ""C NMR spectrum (in CDCl3) of ecteinascidin 770 (ET1K).

LL



172.345

167.901
— 28924
——— 24.298
— 20.549
——— 15941
T 14235
—9.872

DEPT-90

DEPT-138

17-0OCH;
7'-0CH;

INCH, g gac 16:CHy ¢ o
= 3

9,5" e 5 ¢ 14
3C NMR spectrum 21-CN,19 | 7-OCH,, 11,13 o.CH
[ ! 1.3 12.4.12-NCH, 4 12-NCH s
. 10,16 s . 1.17-OCH,, 22,2 ,-f. 5.0Ac 16:CH,
20 ] 11_|
| ?T; . | 3 || |3' , 14 b
1. 9o | | 10 | | 1 4
# 7,13 9o | | | |
| s.0C- | g | 6 [
I T A A I I T | A\ \ |

T T T T T T T T T T T T T T T T T T T T T
175 170 165 160 155 150 145 140 135 130 125 (20 115 110 105 100 95 %0 85 80 75 70 65 60 55 5(] 45 40 35 30 25 20 15 10 5 pp
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Figure 29- The ESI-TOF MS spectrum of ecteinascidin 786 (ET2K).
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Figure 43 The ESI-TOF MS spectrum of ecteinascidin 743 (ET4K).

¥01



o N =5 a s O v oo D

Trlr‘rlll]llI"Illlll?lllllllllIl!lflllllfl['Tlllllll(f"TTl!IlIll'll’lll'll'lilllYl1lTlT|Ill.ll'll|[[
200 220 210 260 200 300 0 340 360 330 400
Nanoneters

Figure 44 The UV spectrum (in MeOH) of ecteinascidin 743 (ET4K).

$01



60.0

58

56 |

M.'M’*W‘; ol
&

52

54

%T a4

30.0

3423 \[i

i \ 1741

2853

2924

T T T
4000.0 ) 3000 2000 1500

cm-1

Figure 45 The IR spectrum (KBr disc) of ecteinascidin 743 (ET4K).

1000

901



107

=
{=
o
L=
L
2
[N
[~ st =
i Yy =
Rr e =
ZH60E <
. o}
N o
o BSET ~
[led - g
6T 1 5
SvE b
1261 &
'
i s
AN} ]
8PL 3
o~
g
" Q
e~ @)
SOCY S
o
SivE =
- g
AT m
(T2l o
o
172}
| n 098t m
-t
oo
1501
L e m
Lat .
- o
5T 1 =
o
©
-
=
|
" 3
<
)
£101 £
— =
N &0
| o 0ere i
s
1259 o —
Sh9 — n — = [, T
O e
RS9 — n — i ol




0T
LEOYT o~
YRL'8T
#LY 6C
69L'8E

£L9°6€
W¥ Iy
185719
T8Iy
L1y
965HE
CBYPS
068'+S
1E1°56
£v6'5S
PEOLS
19028

8bS 6
£v9°6S
£LE00
POr'09

S60°19
PLETD
PEO'FS
SLYOL
9069L

000°LL
EIYLL
£60'Z8

P9 I0T
PERION =
£18°601

LooplT /
LOVETT /
206 S
SO6LTT o
£71°811
166021 ~—_
08121 ———
OL6ST] ~——_
ZL06TL
o61681 —==
65L 01 “
Tes 1€l
S8 0PI
192 1%1 VI
SHoTH

£LTPr1
STyl
(29441
[4889 4

S8O'LKE

08T —

12-NCH,

-OCH,, 11

5-OAc 16-CH,

12,4

10 ppm

T
20

Figure 47 The 75 MHz *C NMR spectrum (in CDCls) of ecteinascidin 743 (ET4K).

108



g C S OR T e R NA RN RESSREEET &2 memgwoTTNTmnEo Y e

—_— — —_ o0 1y O O Il ~
b4l Qf@ﬂ:ﬂﬁ}(ﬂﬂtl@lﬁ—folqﬂio:—fqa"{g_ﬂq -=R] gN§§hwnggmvvoovmo«xon—-xgr‘\cﬁ§Q9 3] =l
ci CUIIIdoSonggdaYggEtYsiEs =3 PSRN CMOFT O ONE O =00 NN NN RS T 3
o~ T T T LTETTOAANNCNEA = = -— (=] Nl\h\ﬂ\DVﬂﬁ%%O\ﬂ\hhlﬁﬂ#?VN—-——-‘O\wc\oovc v q
— T e e e vt 00 I~ P~ [~ 0~ W0 \2 O e R R RV R N R R R B A B B | o~ — -

DEPT-%0

3¢ NMR spectrum
15 i [
. 1 12-N

| | 8 23 21 3.13 CH, 5.0Ac 16-CH,

7.6, 7 | | | 3 6-CH;,

'-'-1|—‘— 20 107,16 | | I 17-0CH; 17 4| 4 44 | | |

13 18 | 5 | 16 199 \l \ | | i
" 178 Loy 1 22

I o | v
|

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
175 170 165 160 155 150 145 140 135 130125 120 115 110105 100 95 90 85 8 75 70 65 60 55 50 45 40 35 30 25 20 15 0 5 ppm
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)8!



CHy

ppm

17-0OCH;

T'-0CH;

14

5-0Ac
13-NCH;,

16-CH;
6-CH;

3pda

2.0

2.5

3.0+

3.5

4.0

4.5

5.0

4p—
B 6-CH,
C 6 W ! 12-NCH;
< (15,16-CH;) B ' 5.0Ac
: Yo 16-CH;
: 5
o (15,14) P B
6o
- 7
N ' o 7.0CH,
. - 17-0CH;
@ B ~ H @. [c:]
S LI =]
& o
e &°
T T T T 1 T T
30 4.5 4.0 35 3.0 25 24 ppm
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Figure 54 The ESI-TOF MS spectrum of thymidine (ET3K).
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