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CHAPTER |

INTRODUCTION

For several decades, marine organisms have been known as a new source of
anticancer drugs. One of them, ecteinascidin 743 (Et 743, 1, Figure 1), a tris-
tetrahydroisoquinoline alkaloid isolated from the Caribbean tunicate Ecteinascidia
turbinata (Rinehart et al., 1990), is the anticancer drug which has been approved by
European Medicines Agency (EMA) for using in the patients with relapsed ovarian
cancer (EMA, 2004) and advanced soft tissue sarcoma (EMA, 2007) under the trade

name Yondetis® (Trabectedin).

Et 743 (1): X = OH
Et 770 (2): X = CN

Figure 1. Chemical structures of the ecteinascidins.

The chemical structure of Et 743 consists of 3 subunits of
tetrahydroisoquinoline (A-, B- and C-subunits) and an 0-carbinolamine functional

group. The core chemical structure of Et 743 (A- and B-subunits) is closely related to



the tetrahydroisoquinoline natural product antitumor agents such as saframysins (Arai
et al., 1977; Yazawa et al., 1982; Lown et al., 1983), safracins (lkeda et al., 1983),
renieramycins (Frinke et al.,, 1982; Davidson, 1992; Suwanborirux et al., 2003;

Amnouypol et al., 2004), and jorumycin (Fontana et al., 2000) as shown in Figure 2.

Renieramycin M Jorumycin

Figure 2. Representatives of the tetrahydroisoquinoline antitumor agents.



Et 743 inhibits cancer cells by DNA sequence-selective alkylation between the
Ol-carbinolamine group and the exocyclic 2-amino (N2) group of guanine (G) base in
the duplex DNA minor groove (Pommier et al., 1996). The formation of Et 743-DNA
adducts bends the DNA structure towards the major groove opposite to the adducts
located in the minor groove (Zewail-Foote and Hurley 1999). The NMR-based studies
of the Et 743 and DNA interaction have shown that the A-, B-subunits and Q-
carbinolamine group are sequence binding recognition (Moore et al., 1997; Seaman
et al., 1998). Interestingly, the C-subunit, which is perpendicular to the A-, B-subunits
and protrudes from the duplex DNA binding sites (Sakai et al., 1992; Moore et al.,
1997; Seaman et al., 1998). The C-subunit might be related to its binding affinity
between the DNA and Et 743 (David-Cordonnier et al, 2005) and interaction with
different DNA-binding proteins located in the DNA adduct area, possibly the
xeroderma pigmentosum complementation group G (XPG), a member of the
Nucleotide Excision Repair (NER) system (Takebayashi et al., 2001; Herrero et al.,
2006; Guirouilh-Barbat et al.,, 2009). The a-carbinolamine group is not only
structurally crucial for the DNA-alkylation but also causing the compound unstabiliy.
Suwanborirux group succeeded in isolating a large amount of the stable ecteinascidin
770 (Et 770, 2, Figure 1) from the Thai tunicate E. thurstoni by pretreatment with
potassium cyanide before the extraction process (Suwanborirux et al., 2002). To
improve its cytotoxicity, the chemical modification of Et 770 has been focused. The
first modification, the synthesis of 6-O-acyl Et 770 derivatives, showed not much
different cytotoxicity from the parent compound. However, the serendipitous
discovery of 2'-N-(indole-3-carbonyl) Et 770 expressed 2-6 times higher cytotoxicity in

various cancer cell lines (Puthongking et al., 2006). The next modification, the



preparation of new 2-N-acyl Et 770 derivatives was investigated based on a three-
step transformation including: a) 18,6'-O-bisallyl protection, b) 2'-N-acylation, and c)
removing of the allyl protecting group (Figure 3, Saktrakulkla et al., 2011). Most of
them showed potent cytotoxicity on human solid tumor cell lines. It was found that
the nitrogen-containing heterocyclic and cinnamoyl derivatives showed 10 times

higher cytotoxicity than Et 770 (Saktrakulkla et al.,, 2011).

The previous studies showed that the modification at 2-N position
significantly improved cytotoxicity compared to the parent compound Et 770. This
study aims to investigate additional 2'-N-acyl Et 770 derivatives by using new acyl
groups containing high electronegative element, naphthoyl or fluorocinnamoyl

moieties. Ten proposed 2'-N-acyl Et 770 derivatives are summarized in Table 1.
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Figure 3. The three-step transformation for preparation of 2'-N-acyl Et 770

derivatives.



Table 1. Chemical structures of 2'-N-acyl Et 770 derivatives prepared in this study.
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CHAPTER Il

LITERATURE REVIEW

1. Characteristics of Tunicates

Tunicates are marine animals classified in the phylum Chordata, subphylum
Urochordata. The most familiar tunicates are sea squirts or ascidians (class
Ascidiacea). The tunicates are fouling organisms attached to hard surfaces, or
anchored in soft sediments. The sac-like soft body is surrounded by a thick test, or
tunic, often transparent or translucent and varying in consistency from gelatinous to
leathery. The tunic, for which the tunicates are named, is secreted by the body wall
of the adult animal and is composed of cellulose, an almost unique occurrence of
that material in the animal kingdom. The tunicates are filter feeders by using a
ciliated, sieve-like sac to filter water typically flowing through the mouth, or incurrent
siphon. Food is filtered from water and passed into a U-shaped gut. Filtered water is
expelled through a second opening, the excurrent siphon. Nearly all species
reproduce sexually and are hermaphroditic. The tunicates produce eggs in the
oviduct and release the free-swimming tadpole larvae from the atrium. Tadpole
larvae clearly display the fundamental chordate characters of gill slits, a dorsal nerve
cord, a notochord, and a well-developed post-anal tail. They also have an eye.
Tadpole larvae do not feed but only swim to find a suitable surface on which to
settle and undergo a drastic metamorphosis into the adult form. Some tunicates

asexually reproduce by budding to colonies, joined at their bases by slender stolons



or embedded in a common tunic material (Brusca and Brusca, 2003; Castro and

Huber, 2013).

Figure 4. A Photograph of the tunicate Ecteinascidia thurstoni.

The collected Thai tunicate in this work was identified by Dr.Teruaki Nishikawa
of Nagoya University Museum as Ecteinascidia thurstoni Herdman, 1981 (Figure 4) and

the taxa of this genus was given by Kott (2003) as follows.

Kingdom: Animalia
Phylum: Chordata
Subphylum: Urochodata
Class: Ascidiaces
Order: Phlebobrancia
Family: Perophoridae
Genus: Ecteinascidia

Species: Ecteinascidia thurstoni Herdman, 1981



2. Anticancer Agents from Marine Tunicates

Many anticancer agents derived from marine organisms were evaluated in
Phase I, Il, and Il clinical studies for example dolastatin-10 from sea hare Dolabella
sp. (Margolin et al., 2002) and bryostatin-1 from bryozoans Bugula neritina (Haas et
al., 2003). Among them, the cytotoxic agents produced by the tunicates have
reached clinical trials as antitumor agents included didemnin B (6), aplidine (7), and

Et 743 (1).

Didemnin B (6, Figure 5) is a cyclic depsipeptide isolated from the tunicate
Trididemnum solidum (Rinehart et al., 1987). It has shown impressive antitumor
activity in human tumor models in vitro as well as in tumors growing in athymic mice
(Geldof et al., 1999). Detailed mechanistic study revealed that didemnin B inhibits
the synthesis of RNA, DNA and it binds non-competitively to palmitoyl protein
thioesterase (Vera and Joullie, 2002). The impressive in vitro and in vivo biological
activities of the didemnins resulted in the first human clinical trials in the U.S. of a
marine natural product against cancer. Consequently, didemnin B was submitted to
several Phase | and Phase Il clinical trials against previously treated non-small cell
lung cancer (Shin et al., 1991), breast cancer (Benvenuto et al., 1992), small-cell lung
cancer (Shin et al., 1994), non-Hodgkin’s lymphoma (Goss et al., 1995; Kucuk et al.,

2000) and metastatic melanoma (Hochster et al., 1999).
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Didemnin B (6): R = o)\/OH
CHj;
(0]
Aplidine (7):R= ©
CH;

Figure 5. Structures of didemnin B and aplidine.

Another depsipeptide, aplidine (dehydrodidemnin B, 7, Figure 5) was isolated
from the tunicate Aplidium albicans (Schmitz and Yasumoto, 1991) and contained
the same amino acids building block as didemnin B, but its molecular formula differs
from that of didemnin B by 2 hydrogen atoms, indicating the replacement of the
lactic acid side chain of didemnin B by the pyruvyl side chain in aplidine. Aplidine
was proved to be a fovourable substitute for didemnin B, since it appeared to be
less toxic and even more effective than didemnin B, with a broad spectrum of
activity both in vitro and in vivo against various tumor types (Urdiales et al., 1996;
Rinehart, 2000; Lobo et al., 1997). Mechanistic study of aplidine revealed that it
interferes the synthesis of DNA, proteins and induces G1-G2 cell cycle arrest (Erba et

al., 2002). Aplidine exhibited cytotoxicity by inhibition of the ornithine decarboxylase,
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which is an enzyme that critical in the process of tumor formation and growth and
angiogenesis. Furthermore, it inhibited the expression of the vascular endothelial
growth factor gene, having antiangiogenic effects (Taraboletti et al., 2004). On the
basis of promising pre-clinical data aplidine entered into phase | clinical trials in
Spain, Canada, UK, and France for the treatment of solid tumors, and non-Hodgkin’s
lymphoma (Rinehart, 2000; Maroun et al., 2006; Armand et al., 2001; Cuadrado et al.,
2003). Recently this compound entered into Phase Il clinical trials in patients with
metastatic non-cell lung carcinoma (Peschel et al., 2007), unresectable advanced
renal cell carcinoma (Schoffski et al., 2009), relapsed/refractory non-Hodgkin’s

lymphoma (Ribrag et al., 2013), and advanced melanoma (Plummer et al., 2013).

3. The Tetrahydroisoquinoline Antitumor Agents

Several naturally occurring tetrahydroisoquinolines have been isolated from
actinomycetes and marine organisms such as sponges, nudibranchs and tunicates.
The basic structure of tetrahydroisoquinoline compounds is structurally characterized
by the presence of the tetrahydroisoquinoline ring system which fused, varied with
oxidation states, substitution patterns and additional fragments to distinguish several
subfamilies of natural products. Tetrahydroisoquinoline compounds exhibited potent
cytotoxic activities, for example (Figure 6) cyanocycline A (Hill et al, 1991),
quinocarcin (Tomita et al., 1984; Katoh and Terashima, 1996), saframycin A (Arai et
al., 1980), renieramycin M (Halim et al., 2011), jorumycin (Fontana et al., 2000), and
ecteinascidin 743 (Powan et al., 2013). Among them, ecteinascidin 743 displayed
promising anticancer drug property in nanomolar concentration (Rinehart et al., 2000;

Jimeno et al.,, 2004; Powan et al., 2013) and is now authorized in the European
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Union as for the treatment of patients with relapsed ovarian cancer (EMA, 2004) and

advanced soft tissue sarcoma (EMA, 2007).

Cyanocycline A Quinocarcin

OCH,

H3C

CHs o 7
o
CH3
o)
Saframycin A Renieramycin M

o CHaq

Ecteinascidin 743

Jorumycin

Figure 6. Structures of representative tetrahydroisoquinoline antitumor agents.
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4. Isolation and Structure Determination of the Ecteinascidins

The first isolation and structural characterization of six new chemical entities
called ecteinascidins (Ets) 729, 743, 745, 759A, 759B and 770 was reported by the
Rinehart group in 1990 from Ecteinascidia turbinata, a tunicate found in the
Caribbean Sea, of which Et 743 was the most abundant representative (0.0001%
yield). The structures of Ets 729 and 743 with the relative stereochemistry were
elucidated later by Rinehart (1990) and Wright (1990) groups. In 1992, Rinehart et al.
reported the structures of Ets 722, 736, and 734 N12-oxide, later in 1996, four
putative biosynthetic precursors, Ets 594, 596, 597 and 583, were also isolated. The
novel and unique structure of the ecteinascidins consists of a monobridged penta-
cyclic skeleton composed of two fused tetrahydroisoquinoline rings (A- and B-
subunits) linked to a 10-membered lactone bridge through a benzylic sulfide linkage.
Most ecteinascidins have an additional tetrahydroisoquinoline or tetrahydro-p-
carboline ring (C-subunit) attached to the rest of the structure through a spiro-ring.
This is one of the features distinguishing these molecules from the saframycin,
safracin, and renieramycin families isolated from bacteria and sponges. However, all
of the ecteinascidins were unfortunately unstable, and it is quite difficult to obtain
these natural products with large amount for evaluating cytotoxic activity. In 2002,
Suwanborirux et al. isolated the stable ecteinascidins, Ets 770 and 786, from the
KCN-pretreated Thai tunicate, Ecteinascidia thurstoni (Suwanborirux et al., 2002). The

structures of ecteinascidins are summarized in Figure 7.



C-subunit

Ecteinascidin 743-type
XY = -O-CH,-O-
Et 743: Ry= CHs, R,= OH
Et 770: Ry= CHs, R,= CN
Et 745: Ry= CH3;, R,=H
Et 759B: R;= CHs, R,= OH, S-oxide
Et 786: Ry= CHs, R,= OH, S-oxide
Et 729: Ry= H, R,= OH

B-subunit

Ecteinascidin 736-type
XY = -O-CH,-O-

Et 722: Ry= H, R,= OH

Et 736: Ry= CHs, R,= OH

Et 597: R,= CH,, R,= OH, X= OCH,, Y= OH
Ft 583: R,= H, Ry= OH, X= OCHs, Y= OH

(0] Et 594: R1: CH3, R2: OH, XY= ‘O‘CHz‘O‘
Et 596: Ry= CHa, R,= OH, X= OCH,, Y= OH

Figure 7. Structures of the ecteinascidins.
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The structures of ecteinascidins were determined by extensive NMR and mass
spectral (MS) studies. At first, the positive ion High Resolution Fast Atom
Bombardment MS (HR-FABMS) technique showed the most abundant protonated
molecular ion (m/z) of Et 743 at 744.2591 [M+H]" in agreement with the molecular
formula C3gHgoN5010S. Analysis of FABMS/MS data (Figure 8, Rinehart et al., 1990) was
critical in locating the three nitrogen atoms in three subunits of similar size and
composition, differing mainly in the numbers of oxygens. The B-subunit appeared to
be identical with a subunit in safracin B (lkeda et al., 1983) since the 13C and 1H
chemical shifts were nearly the same and the key FABMS peaks at m/z 204 and 218
were also prominent, which was confirmed by HMBC spectroscopy (Figure 9, Rinehart
et al., 1990). The A-subunit was constructed from HMBC correlations and
demonstrated to connect to the B-subunit by the FABMS/MS ion at m/z 495. The C-
subunit was also identified by HMBC correlations, which was assigned to join to the
other two subunits by the mass fragment ions at m/z 250 and 224 to yield a

complete structure for Et 743.

HO

M 250 (C1,H1NOSS)

495 (Cy;H51N,07)

—H— 204 (Cy,H14NOy)

218 (Cy5H1NO,)

246 (C,5H,NO,)

Figure 8. Fragmentations in FABMS/MS of Et 743 (Rinehart et al., 1990).
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Figure 9. HMBC correlations of Et 743 (Rinehart et al., 1990).

The relative stereochemistry was proposed by 2-dimentional rotating-frame
Overhauser enhancement spectroscopy (2D ROESY) (Sakai et al., 1996). The structure
of Et 743 was unambiguously confirmed by X-ray crystallography of its relatives, 21-
O-methyl- le—formyl—Et 729 and Et 734 le—oxide, (Sakai et al., 1992) as shown in
Figure 10. The molecular shape is highly compact and three large principal planar
groups are observed in the three-dimensional structure corresponding to three
aromatic units, which are nearly perpendicular to each other. The absolute
configuration of Et 743 was assigned by NOE correlations on ROESY spectrum as 1R,

2R, 3R, 4R, 11R, 13S, 215, 1'R (Sakai et al., 1996; Sainz-Diaz et al., 2003).
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Figure 10. Stereoscopic X-ray crystallographic structure of 21—O—methyl—N12—formyl
Et 729 and Et 734 N'*-oxide (Sakai et al., 1992).

5. Biosynthesis of the Ecteinascidins

The chemical structure of most ecteinascidins is formed by a two-fused
tetrahydroisoquinoline ring (A- and B-subunits) which linked to another ring system,
either tetrahydroisoquinoline or tetrahydro-B-carboline, forming a spiro ten-
membered lactone bridge through a benzylic sulfide linkage (Sakai et al., 1996). The
basic structure of the ecteinascidins, A- and B-subunits, is the same as that of the
saframycins and safracins, which was isolated from cultured Streptomyces species
(Arai et al., 1977; lkeda et al., 1983). This suggested that ecteinascidins may share

biosynthetic origins of the A- and B-subunits with those of saframycins.

The biosynthetic origins of saframycin A have been elucidated by the use of
isotopically labeled substrates (Mikami et al., 1985). It has been proposed that the
dimeric quinone skeletons common to all the saframycins are derived directly from
two tyrosine molecules. The remaining carbons of the tetrahydroisoquinoline system

and the pyruvoyl amide side chain are derived from glycine and alanine,
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respectively. The O- and C-methyl and one N-methyl carbons were determined to

derive from methionine (Figure 11, Mikami et al., 1985).

Figure 11. Biosynthetic origins of saframycin A (Mikami et al., 1985).

The biogenetic pathways of the ecteinascidins as proposed for the A- and B-
subunits are most likely formed by condensation (Pictet-Spengler reaction) of two
tyrosine building blocks (Kerr and Miranda 1995), then derived to a tyrosine-
diketopiperazine intermediate which then oxidized to DOPA-diketopiperazine
(Jeedigunta et al., 2000). The tetrahydroisoquinoline ring in the B-subunit is closed by
condensation with a serine- (or glycine-) derived aldehyde as in the case of the
related saframycins. S-Adenosyl methionine is the likely source of methyl groups at
C-6, O-7, C-16, O-17, and N-12. The sequence of the oxidation, methylation, and
acetylation at the aromatic rings is not yet clear. The present study offers the side

chain alcohol at C-22 being acylated by cysteine, followed by oxidation and addition
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(or substitution) at C-4 by the SH group of the side chain with closure of the 10-
membered lactone ring. Transamination at C-1 forms an oxo derivative, then
oxidation of the 7-OCH; to form the methylenedioxy g¢roup. The C-subunit was
performed by the electrophilic ketone are condensed in a Pictet-Spengler reaction
with a dopamine derivative to form the third tetrahydroisoquinoline group in Et 743
or with tryptamine to form the tetrahydro-B-carboline group in Et 736 (Kerr and
Miranda, 1995; Sakai et al., 1996; Rinehart, 2000). The proposed biosynthetic pathway

of the ecteinascidins is shown in Figure 12.

In 2011, Rath and co-worker used molecular biology techniques to identify
and characterize the biosynthetic pathway of Et 743. This study proposed that Et 743
was produced by Candidatus Endoecteinascidia frumentensis, the marine bacterial
symbiont of E. turbinata, through nonribosomal peptide synthetase (NRPS) modules.

The proposed NRPS biosynthetic pathway of Et 743 is shown in Figure 13.
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Et 594: R = CH; Et 743 series Et 736 series

Figure 12. Proposed biosynthetic pathway of the ecteinascidins (modified from Kerr
and Miranda, 1995; Sakai et al., 1996; Jeedigunta et al., 2000; Rinehart,
2000).
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6. The Mechanism of Action for Cytotoxic Activity of the Ecteinascidins
Ecteinascidin 743 is the first of a new class of DNA binding agents with a
complex, transcription-targeted mechanism of action. The mechanism of action of
the ecteinascidins was first reported in 1992 (Sakai et al, 1992). Interaction of the
ecteinascidins with DNA has been proposed on the basis of X-ray crystallography and
the molecular modeling by using the DNA heptamer d(TTGGGAA) with the middle G
as the target base for the alkylation reaction of Et. It has been shown that the A-
subunit stacked on the backbone of DNA on one side of the minor groove and the C-
subunit stacked on the backbone on the other side of the minor groove (Figure 14).
Later, a model of Et 743 covalently bound to 6GN2 of the [d(CGTAAGCTTACG)],
oligonucleotide using solvated molecular dynamics was generated (Moore et al.,
1997). The resulting model as shown in Figure 15 is generally consistent with the

existing theoretical models.

Figure 14. A model of the Et-DNA adduct produced by a computer modeling study
(Sakai et al., 1992).
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Figure 15. Stereoview of Et 743-oligonucleotide adduct derived from molecular
dynamics analysis (Moore et al., 1997). [The model depicts the
orientations of A-subunit (yellow), B-subunit (green) and C-subunit (white)
and their interaction with the adenine (gold), thymidine (red), guanine
(cyan) and cytosine (purple) residues in the minor groove of the 12-mer

oligonucleotide].

Et 743 inhibited the cancer cell by DNA sequence-selective alkylation
between carbinolamine functional group and exocyclic 2-amino (N2) group of
guanine base in the duplex DNA minor groove (Pommier et al., 1996). The chemical
reaction leading to the guanine N2 alkylation was proposed to result from an
intramolecular acid-catalyzed dehydration of the carbinolamine moiety (Figure 16,
Moore et al., 1998), resulting in the formation of an electrophilic iminium, which is the
DNA-reactive intermediate (Moore et al., 1998). The formation of Et 743-DNA adducts
bends the DNA structure towards the major groove opposite to adducts located in

the minor groove (Figure 17) (Zewail-Foote and Hurley, 1999).
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Figure 16. Proposed mechanism for the catalytic activation of the ecteinascidin
carbinolamine prior to covalent bond formation with N2 of guanine. The
12-NH of the carbinolamine (a) catalyzes the dehydration of €21, yielding

the iminium ion (b). Nucleophillic attack by GN2 on b results in the
expulsion of the transiently bound H,O, which contains the proton

released by guanine N2 (c). The resulting adduct (d) retains a protonated

N12. Hydrogen bonds are depicted by dotted lines, and B corresponds to
a DNA base hydrogen bond acceptor (Moore et al., 1998).
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Figure 17. Stereoisomer view of Et 743 alkylated to N2 position of guanine in the DNA
minor groove, the alkylation produces a bend toward the DNA major
groove (Soares et al., 2005).

The high-field NMR-based study of the Et 743/DNA interaction has shown that
the A- and B-subunits and the o-carbinolamine group are sequence binding
recognition (Moore et al., 1997, Seaman et al.,, 1998). The resulting adduct is
additionally stabilized through van der Waals interactions and hydrogen bonds
between the A- and B-subunits, with neighboring nucleotides in the same or opposite

strand of the DNA double helix (Figure 18, Seaman et al., 1998), thus creating the

equivalent to a functional interstrand crosslink. In fact, hydrogen bonding rules seem
to determine the DNA-binding sequence specificity of Et 743, with a guanine located
in the central position of triplets 5-purine-GC and 5-pyrimidine-GG. Therefore,
favored triplets are TGG, CGG, AGC, and GGC sequences, whereas AGC is completely
refractory (Pommier et al., 1996; Seaman et al., 1998). The relationship between DNA
sequences and hydrogen bonds that related to binding affinity of Et 743 are

concluded in Figure 19.
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Figure 18. Sites of Et 743 and 12-mer oligonucleotide hydrogen-bonding interaction

(modified from Seaman et al., 1998). H-bond represented by a dot line.
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sequences ¢ No X = Pyrimidine X = Purine R’ sequences
(GGG, AGQG) (CGC, TGC)
Yes Yes
! Y—G-NH, ----HB2  C Y—C HB2---HN-G— |
: / / |
| G Et C G Et C :
| / / |
r X '—C HBI ---- N3-G— X!'—A HBIl -------- 02-T !

HB3 and HB4 stabilized

v

High reactivity sequences

Figure 19. The relationship between DNA sequences and hydrogen bonding that
related to reactivity of Et 743 (Seaman et al., 1998).
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Interestingly, the C-subunit, which is perpendicular to the A- and B-subunits
and protrudes from the duplex DNA binding sites (Sakai et al., 1992; Moore et al.,
1997; Seaman et al., 1998), might be related to binding affinity between the DNA and
Et 743 (David-Cordonnier et al., 2005) and interacting with different DNA-binding
proteins located in the DNA adduct area. One of these proteins is XPG, a member of
the Nucleotide Excision Repair (NER) system (Takebayashi et al., 2001; Zewail-Foote
et el., 2001; Soares et al., 2005; Herrero et al., 2006; Guirouilh-Barbat et al., 2009)
(Figure 20). Under these circumstances, Et 743 affects the activity of the
Transcription-Coupled Nucleotide Excision Repair (TC-NER) system. In the absence of
Et 743, TC-NER recognizes and removes DNA lesions from transcribed strands of
expressed genes. This is followed by removal of the DNA segment containing the
lesion and gap polymerization using the intact strand as the template. In the
presence of Et 743, the TC-NER machinery is recruited into the DNA adduct region in
an attempt to correct the DNA lesion but is blocked, creating strong cytotoxic
complexes that will induce double strand DNA breaks and cell death (Takebayashi et
al., 2001). Thus, while all other known DNA-interacting agents require a deficient NER
mechanism to exert their activity, Et 743 needs a proficient NER system to exert its

cytotoxic activity (Damia et al., 2001; Erba et al., 2001; Soares et al., 2005).
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Figure 20. Binding of Et 743 to the complex DNA-XPG (Cuevas and Francesch, 2009).

7. Structure Modification of the Ecteinascidins

The ecteinascidins are known as cytotoxic compounds from marine tunicates.
To improve its biological activity, chemical modification of the ecteinascidins has
been focused. One of the simple ecteinasdin analogues named phthalascidin (8) was
synthesized and the structure-activity relationships were summarized as illustrated in
Figure 21 (Martinez et al., 1999). The phthalascidin is an ecteinascidin-like compound
that replaced the C-subunit by a phthalimide group. As mentioned earlier, the C-
subunit of Et 743 protrudes from the minor groove of the double helix when the
drug is bound to DNA (Sakai et al., 1992; Moore et al., 1997; Seaman et al., 1998). It
has also been shown that modifying the C-subunit changes ability to inhibit cell
division. On the other hand, it was found that the antiproliferative activity on human
solid cancer cell lines (A549 lung adenocarcinoma, HCT116 colon carcinoma, A375

malignant melanoma and PC-3 prostate carcinoma) of phthalascidin is greater than Et
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743 (Table 2, Martinez et al., 1999). These results showed that structure modification

of Et 743 at the C-subunit might improve its biological activity.

Table 2. Antiproliferative activity of Et 743 and phthalascidin.

Antiproliferative activity (ICs, in nM)

Compounds
A549 HCT116 A375 PC-3
Et 743 1.00 0.50 0.15 0.70
Phthalascidin (8) 0.95 0.38 0.17 0.55
Acetoxy optimum;
small RO also active H essential
<4——| Aromatic
Aromatic ™ H optimum
CN or OH
essential

Methylenedioxy

Phthalimide optimum;

amides also active

Figure 21. Structure of phthalascidin and its structure-activity summary (Martinez et

al., 1999).

The second modification, of the ecteinascidins has been investigated at the

6'-OH position of the C-subunit of the stable Et 770 (Puthongking et al., 2006). The

cytotoxicity on human solid cancer cell lines (HCT116 colon carcinoma, QG56 lung
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carcinoma, and DU145 prostate carcinoma) of the 6'-O-acyl Et 770 derivatives,
showed not much different from the parent compound Et 770. However, the

serendipitous discovery of the 2'-N-(indole-3-carbonyl) Et 770 (5k, Figure 22)

expressed 2-6 times higher cytotoxicity in various cancer cell lines (Table 3).

H
N

Figure 22. Sturcture of 2'-N-(indole-3-carbonyl) Et 770.

Table 3. Cytotoxicity of Et 770 and 2'-N-indole-3-carbonyl Et 770.

Cytotoxicity (ICs5, in nM)
Compounds
HCT116 QG56 DU145
Et 770 0.40 1.8 0.66
2'-N-Indole-3-carbonyl Et 770 (5k) 0.07 0.53 0.37

The next modification, Saktrakulkla et al. (2011) investigated other 2'-N-acyl Et
770 derivatives based on a three-step transformation including: a) 18,6-O-bisallyl
protection, b) 2'-N-acylation, and ¢) removing of the allyl protecting group (Figure 3).

Most of them showed potent cytotoxicity on human solid tumor cell lines and found
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that the nitrogen-containing heterocyclic derivatives e.g. 2-N-(6"-quinolinecarbonyl)
Et770 (50 and cinnamoyl derivatives e.g. 2'-N-(cinnamoyl) Et 770 (5m) showed 10
times higher cytotoxicity than Et 770 (Table 4). The previous studies showed that the
modification of 2'-N position of the C-subunit played a key role to improve

cytotoxicity of the parent compound Et 770.

Figure 23. Structures of some 2'-N-acyl Et 770 derivatives.

Table 4. Cytotoxicity of Et 770 and its 2'-N-acyl derivatives.

Cytotoxicity (ICs, in nM)
Compounds
HCT116 QG56 DU145
Et 770 0.60 24 0.81
2'-N-(6"-Quinolinecarbonyl) Et770 (5) 0.045 0.15 0.043
2'-N-(Cinnamoyl) Et 770 (5m) 0.053 0.33 0.24




CHAPTER Il

EXPERIMENTAL

1. Animal Material

The tunicate was identified by Dr. T. Nishikawa of Nagoya University Museum
as Ecteinascidia thustoni Herdman 1981. The sample was collected by scuba diving
at 1-5 meters deep on the East coast of Phuket Island, Thailand. The collection was

done during May 2012. The sample was stored frozen at -20°C until use.
2. General Experimental Procedures
2.1 Chromatography

2.1.1 Thin-Layer Chromatography

Technique : One dimension, ascending

Adsorbent : Silica gel 60 F,5q (Merck)

Layers thickness : 250 pm

Distance :5cm

Temperature : Room temperature (25-30°C)

Detection : 1) Ultraviolet light at wavelengths of 254 and 365 nm

2) Spraying with anisaldehyde-sulfuric acid reagent and

heating until colors developed
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2.1.2 Column Chromatography

2.1.2.1 Flash Column Chromatography

Adsorbent

Packing method

Sample loading

Detection

: Silica gel 60 (No. 1.09385) particle size 0.040-0.063 mm
(230-400 mesh ASTH) (Merck)

: The adsorbent was packed by the wet method. The
adsorbent was mixed with the eluent into a free-
flowing suspension and poured into the column. The
eluent was drained and the adsorbent was evenly
settled by compressed air or low pressure (about 2 psi).
The flow rate was adjusted at 1-2 mU/minute by
compressed air and the stopcock.

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

: Fractions were monitored by TLC technique.

2.1.2.2 Quick Column Chromatography

Adsorbent

Packing method

- Silica gel 60 (No. 1.07734) particle size 0.063-0.200 mm
(70-230 mesh ASTH) (Merck)

: The adsorbent was packed by the wet method. The
adsorbent was mixed with the eluent into a free-
flowing suspension and poured into the sintered glass
funnel used as the column. The eluent was drained
and the adsorbent was evenly settled under reduced

pressure using an aspirator as a membrane pump.
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Sample loading : The sample was dissolved in a small amount of
organic solvent, mixed with a small quantity of
Kieselgurh, triturated, dried and then placed gently on
top of the column. The elution was generated under
reduced pressure using an aspirator as a membrane
pump.

Detection : Fractions were monitored by TLC technique.
2.1.2.3 Gel Filtration Chromatography

Gel filter : Sephadex LH-20 (Pharmacia Biotech AB)

Packing method : Sephadex gel was suspended in the eluent and kept
overnight to swell prior to use. The slurry of adsorbent
was poured into the column and allowed to settle
before use.

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

Detection : Fractions were monitored by TLC technique.

2.2 Spectroscopy

2.2.1 Infrared Spectrometry
Infrared  (IR) spectra were obtained on a Shimadzu FT-IR 8200PC
spectrophotometer (Meiji Pharmaceutical University) or a Perkin Elmer Spectrum One

FT-IR spectrometer (Chulalongkorn University).
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2.2.2 Mass Spectrometry
The FABMS and HR-FABMS spectra were recorded on a JEOL JMS-700
instrument with a direct inlet system operating at 70 eV (Meiji Pharmaceutical

University).

2.2.3 Proton and Carbon Nuclear Magnetic Resonance

Spectroscopy

Proton and carbon nuclear magnetic resonance (1H— and 13C—N!\/\R), DEPT 90
and 135, HMQC, HMBC, and 'H, 'H-COSY spectra were obtained on a JEOL JNM-
ECA500 FT-NMR spectrometer operating at 500 MHz for 'H and 125 MHz for °C
(Analytical Center of Meiji Pharmaceutical University) and on a Bruker Avance DPX-
300 FT-NMR spectrometer operating at 300 MHz for 'H and 75 MHz for C
(Pharmaceutical Research Instrument Center, Faculty of Pharmaceutical Sciences,

Chulalongkorn University).

The solvent for NMR measurement was deuterated chloroform (CDCls).
Chemical shifts were recorded in ppm scale and the coupling constants were
recorded in Hz using the chemical shifts of the residue in NMR solvents or TMS as the
internal standard. Proton-detected heteronuclear correlations were measured using
HMQC (optimized for 1JHC = 145 Hz) and HMBC (optimized for nJHC = 4 and 8 Hz)

pulse sequences.
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2.3 Physical Properties
2.3.1 Optical Rotation

Optical rotations were measured on a Horiba-SEPA instrument (Meiji
Pharmaceutical University) and on a Perkin Elmer 341 polarimeter (Chulalongkorn

University).
2.3.2 Circular Dichroism Spectroscopy

Circular dichroism (CD) spectra were measured on a Jasco J-820
spectropolarimeter (Meiji Pharmaceutical University) and on a Jasco J-715

spectropolarimeter (Chulalongkorn University).

3. Chemical Reagents

Allyl Bromide (TCI)

Deuterated Chloroform (CDCls) (Aldrich, Euriso-top)
N,N-4-Dimethylaminopyridine (DMAP) (Aldrich, Fluka)
m-Fluorobenzoyl Chloride (TCl)
o-Fluorobenzoyl Chloride (TCI)
p-Fluorobenzoyl Chloride (TCl)
tran-3-Fluorocinnamic Acid (Kanto)
4-Fluorocinnamoyl Chloride (Aldrich)

Glacial Acetic Acid (Merck)
1-Naphthoyl Chloride (Wako)

2-Naphthoyl Chloride (Wako)
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Potassium Carbonate (KBr) (Nacalai-tesque)
Potassium Cyanide (KCN) (Kanto)
Tetramethylsilane (TMS) (Merck)
Tributyltin Hydride (BusSnH) (TCl)
2,3,4-Trifluorobenzoyl Chloride (T
m-Trifluoromethylbenzoyl Chloride (TCl)
p-Trifluoromethylbenzoyl Chloride (TCI)

bis-(Triphenylphosphine)-Palladium(ll) Dichloride  (TClI)
4. Solvents

All solvents were used either analytical or laboratory grade, and redistilled
prior to use. For chemical reaction, acetone and pyridine were dried with molecular
sieve type 4 A. Tetrahydrofuran was refluxed in the presence of sodium and freshly

distilled prior to use.

5. Extraction and Isolation of Ecteinascidin 770 from the Thai Tunicate

Ecteinascidia thurstoni

The tunicate sample (65 kg, wet wt) was homogenized, and then a phosphate
buffer solution (45 |) was added to the homogenized suspension until pH 7.0+0.2.
Potassium cyanide solution (10% KCN) was added to the homogenized suspension to
get the final concentration of 10 mM KCN, and the suspension was stirred for 5
hours. Then, the sample suspension was macerated with methanol (5 times, 20 |

each) and filtered. The filtrate was concentrated to obtain the aqueous mathanolic
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part, which was further partitioned with ethyl acetate to give a dark-brown residue

(38.87 g, Scheme 1).

The residue (38.87 g) was subjected to quick column chromatography
(column diameter = 13 cm, silica gel 250 ¢) using a gradient elution of hexane-ethyl
acetate 3:1 to 1:3, ethyl acetate and methanol, respectively. Forty-two fractions (300
ml each) were collected and combined based on TLC pattern (Silica gel GF, hexane-
ethyl acetate) to obtain 5 fractions (ET1-ET5). The TLC pattern of the fraction ET3
(3.61 g showing Et compounds was re-fractionated with quick column
chromatography (column diameter = 7 cm, silica gel 63 ¢) using a gradient elution of
hexane-ethyl acetate 2:1 to 1:2, ethyl acetate and methanol, respectively. Thirty-nine
fractions (100 ml each) were collected and combined based on TLC pattern (Silica
gel GF, hexane-ethyl acetate 3:7) to obtain 7 fractions (ET3-1 to ET3-7). Fractions ET3-
3 and ET3-4 which contained Et compounds were isolated by gel filtration
chromatography (Sephadex LH 20, column diameter = 2.5 cm, height = 70 cm, using
methanol as the eluting solvent). Forty fractions (10 ml each) were collected and
combined based on TLC pattern (Silica gel GF, hexane-ethyl acetate 3:7) to obtain 4
fractions (ET1s-ET4s). Fraction ET2s which contained the crude mixture of Et 770 and
Et 786 was precipitated in co-solvent of dichloromethane-methanol to give the pale
yellow precipitates (280.8 mg) and mother liquor (337.9 mg). Then the precipitates
(280.8 mg) and mother liquor (337.9 mg) were separated by a silica gel flash column
using an isocratic elution of dichloromethane-ethyl acetate (2:3). The sub-fractions
were combined according to their TLC pattern to afforded pale yellow precipitates of

Et 770 from fractions ET2p and ET2m. Fractions ET2p and ET2m were combined and
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crystallized in co-solvent of dichloromethane-methanol to give colorless crystals of

Et 770 (258.2 mg, 3.97 x 10" % of wet wt) as shown in Scheme 2.

Ecteinascidia thurstoni

(65 kg, wet wt)

1. Homogenized with phosphate buffer solution
2. Adjusted to pH 7.0+0.2

3. Added 10% KCN, stirred 5 hr.

4. Macerated with MeOH (20 | x 5)

5. Filtered and concentrated

6. Partitioned with EtOAc / H,0O

| '

EtOAc extract

Aqueous-MeOH part
(38.87 g, dark brown residue)

Scheme 1. Extraction of Ecteinasidia thurstoni collected in May 2012.
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EtOAc extract

(38.87 g,

dark brown residue)

Quick column chromatography

Hexane : EtOAc (gradient system)

; |

1o ET3
ET1
(3.61 g ET4 ET5

Quick column chromatography
Hexane : EtOAc (gradient system)

ET3-1 ET3-2 E13-3 B34 35 ET36 ET3-7

(1119 (0.65 ¢)
Sephadex LH 20 (MeOH)
ET1s ET2s ET3s ETds

|Precipitation in CH,Cl, : MeOH (1:1)

Pale yellow precipitates
(280.8 mg)

Flash column chromatogaphy

'

Mother ligour
(337.9 mg)

Flash column chromatogaphy

CH,CL, : EtOAC (2:3) CH,CL, : EtOAC (2:3)
T
ETlp ET2p ET3p ETdp ETSp ETIm ET2m  ET3m  ETdm  ET5m

| |
Crystallization in CH,Cl, : MeOH (1:1)
v v
Et 770 Mother ligour
(258.2 mg)

Scheme 2. Isolation of Et 770 from Ecteinascidia thurstoni collected in May 2012.
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Et 770 (2)

Colorless crystal (258.2 mg, 4.0 x 10" % of wet animal)

"H-NMR: & ppm see Table 5, Figure 29

“C-NMR: & ppm see Table 5, Figure 30

FAB-MS: m/z 771 [M+H]"

HR-FABMS: m/z 771.2693 [I\/\+H]+; calcd for CyoHa3NgO4,S, 771.2700
IR (KBr) CI’T\»l: 3530, 3500, 2940, 1770, 1740, 1630, 1595, 1478
[l -58.5 (c=1.0, CHCLy)

CD Ag nm (c=13.0 UM, methanol, 24°C): 0 (306), -12.0 (289), 0 (270), 12.8 (254), 0
(242), -51.0 (221)

6. Preparation of the 2'-N-acyl Et 770 Derivatives
6.1 Preparation of the Allyl-protected Et 770 (18,6'-O-bisallyl Et 770)

Et 770 (232.6 mg, 0.30 mmole) was dissolved in acetone (60 ml), then the
solution was added K,COs (1.04 g, 25 eq) and stirred for 5 minutes at 0°C. Allyl
bromide (522.7 Wi, 20 eq) was added dropwise over 20 minutes to the vigorously
stirred mixture at 0°C. After the reaction suspension was stirred for 1 hour at 0°C, the
reaction flask was further stirred at room temperature for 18 hours. Then, the
reaction mixture was filtered and concentrated in vacuo, the residue was diluted
with water (50 ml) and extracted with CHCl; (5 x 50 ml). The combined organic
layers were washed with brine (50 ml), dried with anhydrous Na,SO, and
concentrated in vacuo. The crude extract was separated by a silica gel flash column
using gradient elution of benzene-EtOAc 15:1 to 1:1 and 0:1 to provide 18,6-O-

bisallyl Et 770 (3, 234.5 mg) in 77.5% yield.
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18,6'-O-bisallyl Et 770 (3)

Colorless amorphous powder (234.5 mg, 77.5% yield)

"H-NMR: & ppm see Table 6, Figure 31

PC-NMR: & ppm see Table 6, Figure 32

FAB-MS: m/z 851 [M+H]" (Figure 33)

HR-FABMS: m/z 851.3328 [I\/\+H]+; calcd for CyeHs1N4O4,S, 851.3326
IR (KBr) kal: 3437, 2932, 2855, 1769, 1742, 1518, 1458 (Figure 34)
[aly"®: -55.3 (c=0.47, CHCLy)

CD A€ nm (c=11.7 UM, methanol, 23°C): 8.0 (210), -89.3 (220), 0 (239), 23.4 (254), 0
(276), -10.8 (292) (Figure 35)

6.2 Preparation of the 18,6'-O-bisallyl-2'-N-acyl Et 770 Derivatives

Ten of 18,6-O-bisallyl-2'-N-acyl Et 770 derivatives (4a-4j) were prepared by
the general procedure. The starting material, 18,6'-O-bisallyl Et 770, (about 0.02
mmole, about 15-16 mg) and DMAP (0.5-5 eq) was dissolved in pyridine (1.5 ml), and
then the solution was stirred 5 minutes at 0°C. The corresponding acid chloride (15-
50 eq) was slowly poured into the stirred cold solution. After the reaction solution
was stirred for 30 minutes at 0°C, the reaction was continuously stirred at room
temperature until the TLC showed disappearance of the starting material. After the
solvent was removed in vacuo, the residue was diluted with water (10 ml) and
extracted with CH,Cl, or CHCl; (5 x 15 ml). The combined organic layer was washed
with brine (40 ml), dried, and concentrated in vacuo to give a residue. The residue
was purified by silica gel flash column chromatography using an appropriate eluent

to give the corresponding purified product.
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18,6'-O-bisallyl-2'-N-(2"-fluorobenzoyl) Et 770 (4a)

Pale yellow amorphous powder (15.2 mg, 86.9% yield)

"H-NMR: & ppm see Table 8, Figure 36

“C-NMR: & ppm see Table 8, Figure 37

FAB-MS: m/z 973 [M+H]" Figure 38

HR-FABMS: m/z 973.3494 [M+H]"; calcd for CssHsgNgFO,,S, 973.3494

IR (KBr) Cm>1: 3524, 2932, 2226, 1759, 1518, 1449, 1256 (Figure 39)

[y -66.7 (c=0.94, CHCLy)

CD Ag nm (c=10.3 UM, methanol, 23°C): -19.5 (203), -97.3 (217), 0 (240), 13.3 (256), 0

(281), -8.1 (294) (Figure 40)

18,6'-O-bisallyl-2"-N-(3"-fluorobenzoyl) Et 770 (4b)

Pale yellow amorphous powder (15.5 mg, 88.6% vyield)

"H-NMR: & ppm see Table 9, Figure 41

C-NMR: & ppm see Table 9, Figure 42

FAB-MS: m/z 973 [M+H]" Figure 43

HR-FABMS: m/z 973.3494 [M+H]"; calcd for CosHsqNJFO,,S, 973.3494

IR (KBr) cmn = 2926, 2853, 2226, 1763, 1748, 1585, 1445 (Figure 44)

[, -72.7 (c=1.0, CHCL,)

CD Ag nm (c=10.3 UM, methanol, 27°C): 17.8 (207), 0 (210), -363.0 (216), 0 (223), 10.4

(239), 50.5 (254) (Figure 45)
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18,6'-O-bisallyl-2'-N-(4"-fluorobenzoyl) Et 770 (4c)

Pale yellow amorphous powder (17.2 mg, 98.3% yield)

"H-NMR: & ppm see Table 10, Figure 46

“C-NMR: & ppm see Table 10, Figure 47

FAB-MS: m/z 973 [M+H]" Figure 48

HR-FABMS: m/z 973.3502 [M+H]"; calcd for CosHsaNJFO,,S, 973.3494

IR (KBr) kal: 2930, 2226, 1736, 1659, 1603, 1508, 1258 (Figure 49)

(o, : -69.1 (c=1.0, CHCLy)

CD Ag nm (c=10.3 UM, methanol, 27°C): 0 (210), -65.8 (213), 0 (219), 1.4 (220), -150.4

(229), 149.5 (255) (Figure 50)

18,6'-O-bisallyl-2'-N-(2",3",4"-trifluorobenzoyl) Et 770 (4d)

Colorless amorphous powder (14.5 mg, 80.1% yield)

"H-NMR: & ppm see Table 11, Figure 51-52

C-NMR: & ppm see Table 11, Figure 53

FAB-MS: m/z 1008 [M+H]" Figure 54

HR-FABMS: m/z 1009.3298 [M+H]"; calcd for CssHsoNaF504S, 1009.3306

IR (KBr) cm : 3437, 2925, 2225, 1760, 1510, 1194 (Figure 55)

[y : -56.9 (c=0.58, CHCLy)

CD Ag nm (c=10.9 UM, methanol, 22°C): 2.9 (210), -2.4 (216), -0.6 (226), 0.8 (256)

(Figure 56)
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18,6'-O-bisallyl-2'-N-(3"-trifluoromethylbenzoyl) Et 770 (de)

Pale yellow amorphous powder (18.4 mg, 100% yield)

"H-NMR: & ppm see Table 12, Figure 57

C-NMR: & ppm see Table 12, Figure 58

FAB-MS: m/z 1023 [M+H] Figure 59

HR-FABMS: m/z 1023.3458 [M+H]"; calcd for CogHsgNaF504S, 1023.3462

IR (KBr) kal: 2932, 2226, 1763, 1748, 1520, 1487, 1331 (Figure 60)

[aly™® -55.1 (c=0.83, CHCLy)

CD Ag nm (c=9.8 UM, methanol, 21°C): -10.7 (204), -119.3 (216), 0 (244), 17.6 (225), 0

(280), -8.7 (292) (Figure 61)

18,6'-O-bisallyl-2"-N-(4""-trifluoromethylbenzoyl) Et 770 (4f)

Pale yellow amorphous powder (18.4 mg, 100% yield)

"H-NMR: & ppm see Table 13, Figure 62

“C-NMR: 8 ppm see Table 13, Figure 63

FAB-MS: m/z 1023 [M+H]" (Figure 64)

HR-FABMS: m/z 1023.3458 [M+H]"; calcd for CegHsgNgF50,S, 1023.3462

IR (KBr) cm : 2932, 2226, 1763, 1663, 1611, 1582, 1410 (Fisure 65)

[y : -59.6 (c=0.67, CHCL,)

CD Ag nm (c=9.8 UM, methanol, 23°C): -20.6 (204), -142.5 (216), 0 (245), 19.5 (256), 0

(280), -9.8 (294), 0 (304) (Figure 66)
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18,6'-O-bisallyl-2'-N-(3"-fluorocinnamoyl) Et 770 (4g)

Pale yellow amorphous powder (11.0 mg, 61.1% yield)

"H-NMR: & ppm see Table 14, Figure 67

C-NMR: & ppm see Table 14, Figure 68

FAB-MS: m/z 999 [M+H]" (Figure 69)

HR-FABMS: m/z 999.3655 [M+H]"; calcd for CssHsgNaFO,;S, 999.3650

IR (KBr) kal: 2934, 2225, 1759, 1659, 1518, 1447, 1260 (Figure 70)

[y -32.4 (c=0.63, CHCLy)

CD Ag nm (c=10.0 UM, methanol, 27°C): 0 (203), 27.8 (207), 0 (212), -260.0 (216), 0

(245), 22.1 (254), 0 (277) (Figure 71)

18,6'-O-bisallyl-2"-N-(4"-fluorocinnamoyl) Et 770 (4h)

Pale yellow amorphous powder (17.1 mg, 95.0% vyield)

"H-NMR: & ppm see Table 15, Figure 72

“C-NMR: & ppm see Table 15, Figure 73

FAB-MS: m/z 999 [M+H]" (Figure 74)

HR-FABMS: m/z 999.3649 [M+H]"; calcd for CesHsgNgFO;S, 999.3650

IR (KBr) Cmil: 2934, 2872, 2592, 2226, 1759, 1508, 1416 (Figure 75)

[y : -33.2 (c=0.95, CHCLy)

CD Ag nm (c=10.0 UM, methanol, 23°C): 0 (203), 65.4 (207), 0 (212), -254.6 (223), 0

(246), 44.6 (254), 0 (269) (Figure 76)
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18,6'-O-bisallyl-2'-N-(2"-naphthoyl) Et 770 (4i)

Pale yellow amorphous powder (14.7 mg, 81.2% yield)

"H-NMR: & ppm see Table 16, Figure 77

“C-NMR: & ppm see Table 16, Figure 78

FAB-MS: m/z 1005 [M+H] (Figure 79)

HR-FABMS: m/z 1005.3743 [M+H]"; calcd for CorHsNOy;S, 1005.3745

IR (KBr) CmEl: 2930, 2226, 1761, 1748, 1518, 1464, 1445 (Figure 80)

[aly " -43.9 (c=0.83, CHCLy)

CD A€ nm (c=10.0 UM, methanol, 23°C): -8.2 (201), -44.5 (215), 0 (246), 4.8 (256), 0

(283), -1.4 (292), 0 (299) (Figure 81)

18,6'-O-bisallyl-2"-N-(1"-naphthoyl) Et 770 (4j)

Pale yellow amorphous powder (15.3 mg, 84.5% vyield)

"H-NMR: & ppm see Table 17, Figure 82

“C-NMR: & ppm see Table17, Figure 83

FAB-MS: m/z 1005 [M+H]" (Figure 84)

HR-FABMS: m/z 1005.3749 [M+H]": calcd for Cs7HsN4Oy,S, 1005.3745

IR (KBr) Cmil: 2926, 2225, 1761, 1747, 1655, 1518, 1445 (Figure 85)

[al,”: -67.5 (c=0.56, CHCL,)

CD Ag nm (c=10.7 UM, methanol, 22°C): -2.6 (216), 2.1 (207), -0.9 (226), 0.1 (251), -0.4

(291) (Figure 86)
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6.3 Deallylation of the 18,6'-O-bisallyl-2'-N-acyl Et 770 Derivatives

Nine of the 2'-N-acyl Et 770 derivatives (5a-5i) were prepared by the following
procedure. Tributyltin hydride (16.5 eq) was added dropwise over 10 minutes to a
vigorously stirred solution of the 18,6'-O-bisallyl-2-N-acyl Et 770 derivative,
(PhsP),Pd(INCL, (0.6 eq), and glacial AcOH (37.5 eq) in dry THF (4 ml) at 25°C, and the
mixture was stirred at 25°C for 1-4 hours. And then, the mixture was diluted with
water (10 ml), made alkaline with 5% aqueous NaHCOs3, and extracted with CHCl; (3 x
30 ml). The combined extracts were washed with 5% aqueous NaHCO;, dried, and
concentrated in vacuo to give a residue. The residue was purified by silica gel
column chromatography using an appropriate eluent to give the corresponding

purified product.

2'-N-(2"-fluorobenzoyl) Et 770 (5a)

Pale yellow amorphous powder (6.4 mg, 69.6% yield)

"H-NMR: & ppm see Table 19, Figure 87

“C-NMR: 8 ppm see Table 19, Figure 88

FAB-MS: m/z 893 [M+H] ™ (Figure 89)

HR-FABMS: m/z 893.2875 [I\/\+H]+; calcd for Cy7HggNgFO44S, 893.2868
IR (KBr) Cmil: 3422, 2922, 2853, 2228, 1744, 1512, 1464 (Figure 90)
[, : -47.7 (c=0.41, CHCL,)

CD Ag nm (c=8.92 UM, methanol, 25°C): -46.8 (216), 0 (243), 5.5 (252), 0 (270), -3.1

(280), -5.7 (291), 0 (303) (Figure 91)
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2'-N-(3"-fluorobenzoyl) Et 770 (5b)

Pale yellow amorphous powder (8.0 mg, 87.0% yield)

"H-NMR: & ppm see Table 20, Figure 92

C-NMR: & ppm see Table 20, Figure 93

FAB-MS: m/z 893 [M+H]" (Figure 94)

HR-FABMS: m/z 893.2869 [!\/\+H]+; calcd for Cy7HggNgaFO44S, 893.2868
IR (KBr) cm : 3443, 2928, 2228, 1751, 1657, 1587, 1437 (Figure 95)
[aly: -59.1 (c=0.56, CHCL,)

CD Ag nm (c=11.2 UM, methanol, 27°C): -29.5 (203), -150.7 (216), 0 (242), 20.5 (253), 0

(269), -17.2 (286), 0 (300) (Figure 96)

2'-N-(4"-fluorobenzoyl) Et 770 (5¢)

Pale yellow amorphous powder (8.2 mg, 89.1% yield)

"H-NMR: & ppm see Table 21, Figure 97

“C-NMR: & ppm see Table 21, Figure 98

FAB-MS: m/z 893 [M+H]" (Figure 99)

HR-FABMS: m/z 893.2872 [I\/\+H]+; calcd for Cy7HagNaFO44S, 893.2868
IR (KBr) cm - 3445, 2930, 2226, 1759, 1655, 1508, 1464 (Figure 100)
[aly : -67.7 (c=0.51, CHCLy)

CD Ag nm (c=10.2 KM, methanol, 25°C): 0 (203), 34.3 (206), 0 (211), -360.0 (221), 0

(242), 63.0 (253), 0 (268) (Figure 101)
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2'-N-(2",3",4"-trifluorobenzoyl) Et 770 (5d)

Colorless amorphous powder (3.4 mg, 31.5% yield)

"H-NMR: & ppm see Table 22, Figure 102

“C-NMR: & ppm see Table 22, Figure 103

FAB-MS: m/z 928 [M+H]’ (Figure 104)

HR-FABMS: m/z 929.2683 [M+H]'; calcd for CarHaaNaF5O1S, 929.2680
IR (KBr) crn : 3436, 2925, 2854, 1759, 1629, 1462, 1196 (Figure 105)
[aly: -45.6 (c=0.09, CHCL,)

CD Ag nm (c=19.4 pPM, methanol, 22°C): 1.8 (201), -4.2 (216), -2.3 (226), 0.7 (251)

(Figure 106)

2'-N-(3"-trifluoromethylbenzoyl) Et 770 (5e)

Pale yellow amorphous powder (7.4 mg, 80.4% yield)

"H-NMR: & ppm see Table 23, Figure 107

“C-NMR: & ppm see Table 23, Figure 108

FAB-MS: m/z 943 [M+H]" (Figure 109)

HR-FABMS: m/z 943.2839 [M+H]"; calcd for CagHagNaF504,S, 943.2836
IR (KBr) cmflz 3449, 2934, 2228, 1751, 1659, 1514, 1464 (Figure 110)
[ ’: -37.8 (c=0.49, CHCL,)

CD Ag nm (c=10.6 UM, methanol, 23°C): 4.9 (202), 0 (203), -87.8 (218), 0 (245), 12.0

(255), 0 (276), -10.0 (294) (Figure 111)
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2'-N-(4"-trifluoromethylbenzoyl) Et 770 (5f)

Pale yellow amorphous powder (6.1 mg, 66.3% yield)

"H-NMR: & ppm see Table 24, Figure 112

“C-NMR: & ppm see Table 24, Figure 113

FAB-MS: m/z 943 [M+H]" (Figure 114)

HR-FABMS: m/z 943.2845 [M+H]"; calcd for CigHegNaFs01,S, 943.2836
IR (KBr) crn : 3435, 2931, 2243, 1751, 1661, 1591, 1464 (Figure 115)
[aly " : -53.6 (c=0.38, CHCL,)

CD Ag nm (c=10.6 UM, methanol, 23°C): -2.3 (204), -66.3 (217), 0 (245), 8.4 (255), 0

(273), -7.7 (291), 0 (310) (Figure 116)

2'-N-(3"-fluorocinnamoyl) Et 770 (5¢)

Pale yellow amorphous powder (6.0 mg, 65.2% yield)

"H-NMR: & ppm see Table 25, Figure 117

“C-NMR: & ppm see Table 25, Figure 118

FAB-MS: m/z 919 [M+H] " (Figure 119)

HR-FABMS: m/z 919.3029 [I\/\+H]+; calcd for CyoHagNgFO44S, 919.3025
IR (KBr) Cmil: 3437, 2934, 2226, 1757, 1655, 1584, 1447 (Figure 120)
[y : -23.6 (c=0.37, CHCLy)

CD Ag nm (c=10.9 UM, methanol, 25°C): 0 (203), 29.8 (206), 0 (212), -213.4 (216), 0

(245), 15.6 (252), 0 (265) (Figure 121)
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2'-N-(4"-fluorocinnamoyl) Et 770 (5h)

Pale yellow amorphous powder (8.1 mg, 52.5% yield)

"H-NMR: & ppm see Table 26, Figure 122

“C-NMR: & ppm see Table 26, Figure 123

FAB-MS: m/z 919 [M+H]" (Figure 124)

HR-FABMS: m/z 919.3028 [M+H]"; calcd for CogHagNaFO1;S, 919.3024
IR (KBr) cm : 3447, 2932, 2226, 1759, 1657, 1508, 1420 (Figure 125)
(o, : -28.4 (c=0.58, CHCL,)

CD Ag nm (c=10.9 UM, methanol, 23°C): -7.4 (207), -87.5 (216), 0 (246), 6.5 (252), 0

(264), -13.2 (286), 0 (297) (Figure 126)

2'-N-(2"-naphthoyl) Et 770 (5i)

Pale yellow amorphous powder (4.7 mg, 56.6% vyield)

"H-NMR: & ppm see Table 27, Figure 127

“C-NMR: & ppm see Table 27, Figure 128

FAB-MS: m/z 925 [M+H] " (Figure 129)

HR-FABMS: m/z 925.3128 [I\/\+H]+; calcd for Cs1HagN4O41S, 925.3121
IR (KBr) Cmil: 3443, 2932, 2228, 1751, 1653, 1516, 1464 (Figure 130)
[ s -36.5 (c=0.29, CHCLy)

CD Ag nm (c=10.8 UM, methanol, 23°C): -9.8 (202), -52.5 (217), 0 (249), 5.8 (256), 0

(277), -4.5 (291), 0 (300) (Figure 131)
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7. Cytotoxicity Assay

The cytotoxicity of the synthesized ecteinascidin derivatives were evaluated
by the antiproliferative assay using three human cancer cell lines (HCT116 colorectal
carcinoma, QG56 human lung carcinoma and DU145 human prostate carcinoma). A
single-cell suspension of each cell line (2 x 1O3celts/vvetl) was added to the serially
diluted test compounds in a microplate. The cell line was then cultured for 4 days.
Cell growth was measured with a cell counting kit (DOJINDO, Osaka, Japan). ICs, was
expressed as the concentration at which cell growth was inhibited by 50% compared

with untreated control.



CHAPTER IV

RESULTS AND DISCUSSION

1. Extraction and Isolation of Ecteinascidin 770 from the Thai Tunicate

Ecteinascidia thurstoni

Ecteinascidin 743 (Et 743, 1) is a potent marine-derived antitumor compound
isolated from the Caribbean tunicate Ecteinascidia turbinata, and is currently
approved by European Medicines Agency for using in the patients with advanced soft
tissue sarcoma (EMA, 2007) and relapsed ovarian cancer (EMA, 2009). Due to the Q-
carbinolamine functionality in the structure, Et 743 was unstable during extraction
and isolation processes causing low vyield results. Thus, the KCN-pretreated strategy
was applied to isolate the ecteinascidin-type compounds of which the labile o-
carbinolamine group was converted to the more stable a-cyanoamine group. In
2002, Suwanborirux et al. succeeded in isolating a large amount of the stable
ecteinascidin 770 (Et 770, 2) from the Thai tunicate E. thurstoni by using the KCN-
pretreated strategy. This strategy provides the advantage of increasing the yield of

ecteinascidins.

The Thai tunicate E. thurstoni was collected from Phuket Island in the
southern part of Thailand. The identification and characterization of this tunicate
were conducted, mainly on the basic of its morphological characteristic by Dr.Teruaki
Nishikawa of Nagoya University Museum, Japan. However, the distribution information
of the Thai tunicate is unclear, therefore our collection has been conducted
following the blooming period. For this research, the tunicate collection was done in

during May 2012 and the sample was stored frozen until use.
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The homogenized tunicate sample (65 kg, wet wt) was pretreated with
potassium cyanide and macerated with methanol to afford an aqueous emulsion,
upon filtration and concentration. The emulsion was further partitioned with ethyl
acetate to give the crude ethyl acetate extract as a dark brown residue (38.87 g),
which was respectively fractionated with silica gel quick column chromatography,
Sephadex LH-20 gel filtration, and silica gel flash column chromatography, to give the
crude Et 770. Then the crude product was crystallized with co-solvent of
dichloromethane-methanol to give colorless crystals of Et 770 (258.2 mg, 4.0 x 10 "%
of wet animal). The isolation yield of Et 770 is comparable to that of the previous
study (6.0 x 10°% of wet animal) (Suwanborirux et al., 2002) whereas the
ecteinascidins isolated from the Caribbean tunicate E. turbinata were obtained in
lower yields (1.0 x 10°% to 1.0 x 10°% yield of wet animal) (Rinehart et al., 1990).
The isolation process of Et 770 is summarized in Scheme 3. The isolated Et 770 was
structurally elucidated by comparison its NMR spectral data with the authentic
sample (Suwanborirux et al., 2002), which was identical in all respects (Table 5). The

obtained Et 770 was further used as the synthetic starting material for this study.
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Ecteinascidia thurstoni
(65 kg, wet wt)

-Homogenized with phosphate buffer solution
-Adjusted to pH 7.0+0.2

-Added 10% KCN, stirred 5 hr.

-Macerated with MeOH (20 | x 5)

-Filtered and concentrated

-Partitioned with EtOAc/H,O

! '

EtOAcC extract

Aqueous-MeOH part
(38.87 g, dark brown residue)

1. Quick CC; silica gel, gradient of Hexane : EtOAc (3:1-1:3)
2. Sephadex LH 20; MeOH
3. Flash CC;; silica gel, CH,Cl, : EtOAC (2:3)

v

Crude Et 770

Crystallized with CH,CLl, : MeOH (1:1)

Colorless crystal of Et 770
(258.2 mg)

Scheme 3. The extraction and isolation of Et 770 from Ecteinascidia thurstoni.



Table 5. 500 MHz 'H- and 125 MHz " "C-NMR data of Et 770 in CDCl,.

CHg

59

No. 5H in ppm 6c in No SH in ppm 6c in
(Jin Hz) ppm (Jin Hz) ppm
1 4.32 brs 61.2 q 2.60 m 28.8
3 3.51d(4.9) 59.7 2.42 dt (15.9, 3.4)
4 4.57 br s 41.9 5 6.46 s 114.2
5 - 141.4 6 - 144.6
6 - 113.4 7 - 144.4
7 - 145.3 8' 6.4d s 109.9
8 - 140.2 9' - 125.8
9 - 114.1 10' - 129.2
10 - 121.2 11' - 172.6
11 4.28 dd (4.9, 1.2) 54.8 12' 2.35 br 42.3
13 341m 54.7 215m
14 2.91, 2H, br d (7.6) 24.2 | 18-OH 577 s
15 6.60 s 120.7 | 6-OH 559 brs
16 - 129.4 | OCH,O 6.04 d (1.2) 102.0
17 - 143.1 597d(1.2)
18 - 147.9 | 17-OCH,4 3.78 s 60.4
19 - 118.4 | 7-OCH, 3.60 s 55.2
20 - 130.8 | 5-OCOCH; 226s 20.4
21 4.18d (2.8) 59.6 | 12-NCH, 219 s 41.6
22 5.01d(11.6) 60.1 | 6-CHs 2.04 s 9.7
4.12 dd (11.6, 2.0) 16-CH, 2325 15.8
1 - 64.6 | 5-OCO - 168.2
3 311 brt 39.7 | 21-CN - 118.7
279 m
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2. Preparation of 18,6'-O-bisallyl Et 770

The reactive 18- and 6-OHs of Et 770 were protected by treating with 25
equivalents of K,CO5; and 20 equivalents of allyl bromide at room temperature for 18
hours to provide 18,6'-O-bisallyl Et 770 (3) in 77.5% yield. The mechanism of reaction
has been proposed that the lone pair electrons of oxygen atoms at 18 and 6'
positions undergo nucleophilic attack to the electrophilic carbons of allyl bromides
in K,CO5; as base. The allylation mechanism to produce 18,6-O-bisallyl Et 770 is

shown in Figure 24.

The chemical structure of the bisallylated product (3) was mainly determined
based on HR-FABMS and NMR spectral data. The HR-FABMS data of 3 (Figure 33)
presented a pseudomolecular ion [IM+H]" at m/z 851.3328, corresponding to the
molecular formula C46H5ON4010S+H+ (calcd 851.3326). The "H- and “C-NMR spectra
(Table 6, Figures 31-32) of 3 showed the characteristic signals similar to those of Et
770. In addition, the proton and carbon signals of two allyllic groups were observed
in regions of & 4.35-6.10 ppm (Figure 52) and O¢ 69.6-134.6 ppm, along with the
disappearance of the 18-OH (dy 5.77) and 6-OH (&, 5.59) signals as follows: Oy

5.99/0c 133.2 (6'-OCH,CH=CH,), 0y 5.31, 5.22/0. 117.8 (6'-OCH,CH=CH,), O 4.49/d¢

69.6 (6'-OCH,CH=CH,), O, 6.10/0c 134.6 (18-OCH,CH=CH,), &, 5.45, 5.25/d 116.7 (18-
OCH,CH=CH,), and &, 4.80, 4.35/d 72.9 (18-OCH,CH=CH,). Moreover, the downfield
shifts of the carbon signals of the aromatic rings B (C-15 to C-20) and C (C-5' to C-10)
compared to those of Et 770 were the useful information to confirm the nucleophilic
substitution at the phenolic hydroxyls by the allyl groups. The allyl substitutions at
C-6' and C-18 were confirmed by HMBC correlations (Figure 25) of the allyl

methylene protons 6-OCH, and 18-OCH, to the aromatic carbons (C-6', O. 147.0 and
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C-18, O¢ 150.6), respectively. Importantly, assignments for all protons and carbons of
the 18,6-O-bisallyl Et 770 was identical to the authentic compound (Saktrakulkla et

al., 2011).

Figure 24. The allylation mechanism to prepare 18,6"-O-bisallyl Et 770.

OCH,

/\18 ! CHs

Figure 25. Partial HMBC correlations of 18,6'-O-bisallyl Et 770.
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Table 6. 500 MHz 'H- and 125 MHz " "C-NMR data of 18,6'-O-bisallyl Et 770 in CDCL,.

No. 0, in ppm O in No. 0y in ppm Ocin
(Jin Hz) ppm (Jin Hz) ppm
1 4.33 brs 61.2 6' - 147.0
3 3.52 br d (4.0) 59.8 A - 147.0
4 4.54 br s 41.9 8' 6.48 br s 1109
5 - 1413 9 - 126.5
6 - 1133 10' - 128.3
7 - 145.4 11 - 172.5
8 - 140.2 12' 233 brs 42.0
9 - 114.0 214 brd
10 - 121.2 | 6'-OCH,CH=CH, 5.99 ddt (17.1, 10.7, 5.2) 133.2
11 4.25d (4.0) 55.1 | 6-OCH,CH=CH, 531dqg(17.1,1.3) 117.8
13 3.43 dd (8.2, 1.4) 54.7 5.22 dq(10.7, 1.3)
14 2.95,2H, d (8.2) 24.2 | 6'-OCH,CH=CH, 4.49, 2H, d (5.2) 69.6
15 6.79 s 124.5 | 18-OCH,CH=CH, | 6.10 ddt (17.1, 10.4, 5.2) 134.6
16 - 131.3 | 18-OCH,CH=CH, | 5.45dq(17.1, 1.5) 116.7
17 - 148.9 5.25dq(10.4, 1.5)
18 - 150.6 | 18-OCH,CH=CH, | 4.80 dd (12.6, 5.2) 72.9
19 - 124.7 4.35 dd (12.6, 5.2)
20 - 130.3 | OCH,O 6.05d (1.2) 101.9
21 4.19d(1.4) 59.3 5.98d(1.2)
22 5.02 d (11.3) 59.8 | 17-OCH, 383s 59.4
4.13.d (11.3) 7'-OCH,4 3.61s 55.2
1 - 64.6 | 5-OCOCH; 2.24 s 20.3
3' 3.12m 39.6 | 12-NCHs 220s 41.7
281 brt 6-CHs 204 s 9.7
q 2.63m 289 || 16-CH, 229 s 15.8
2.49 br t (15.9) 5-OCO - 168.1
5' 6.41 s 113.2 || 21-CN - 118.1
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3. Preparation of the 18,6'-O-bisallyl-2'-N-acyl Et 770 Derivatives

Ten 18,6'-O-bisallyl-2'-N-acyl Et 770 derivatives (4a-4j) were synthesized in
61.1-100 % vyields (Table 7) by treating 18,6'-O-bisallyl Et 770 with the corresponding
acyl acid chlorides (15-50 eq) and a catalytic amount (0.5-5 eq) of 4-
dimethylaminopyridine (DMAP) in dry pyridine at room temperature for several hours.
Ten aromatic acyl acid chlorides in this study included, four fluorine-substituted
benzoyl chlorides, two trifluoromethyl-substituted benzoyl chlorides, two fluorine-
substituted cinnamoyl chlorides, and two napthoyl chlorides. The mechanism of
reaction has been proposed that the acyl acid chloride is activated to an active form
by DMAP. After that, the electrophilic carbonyl carbon undergoes nucleophilic attack
by the lone pair electrons of 2-N and forms an amide bond in the final step. The
acylation mechanism to prepare the 18,6'-O-bisallyl-2'-N-acyl Et 770 derivatives is

shown in Figure 26.

The HR-FABMS spectra (Figures 38, 43, 48, 54, 59, 64, 69, 74, 79, and 84) of
the synthesized products (4a-4j) presented the pseudo-molecular ions IM+H]"
corresponding to the molecular formulae of the expected products as summarized
in Table 7. Assisnments for all protons and carbons of the compounds were mainly
accomplished by extensive analyses through 1D-NMR and 2D-NMR measurements.
The 'H- and “C-NMR spectra (Figures 36, 37, 41, 42, 46, 47, 51, 53, 57, 58, 62, 63, 67,
68, 72, 73, 77, 78, 82, and 83) of the 18,6-O-bisallyl-2'-N-acyl Et 770 derivatives
showed characteristic signals similar to those of 18,6'-O-bisallyl Et 770. The additional
signals of the corresponding aromatic acyl moiety and the downfield shifts of C-1' (d¢
68-70 ppm) and C-3' (¢ 44-46 ppm) implied the 2'-N acylation. Importantly, the 2'-N

substitutions were confirmed by HMBC correlations from methylene protons of C-3'
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position to the acyl carbonyl carbons (Figure 27). The NMR spectral data of the

bisallyl 2'-N-acylated products are shown in Tables 8-17.

N, ——— (N
Ry ) )\
e o r
Acyl acid chlorides
o
(0]
/\/

CHj

4

Figure 27. A partial HMBC correlation of the 18,6'-O-bisallyl-2'-N-acyl Et 770 derivatives.



Table 7. The summary of yields and HR-FABMS data of the 18,6'-O-bisallyl-2'-N-acyl Et 770
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derivatives.
Compounds R %Yield m/z (HR-FABMS)
F O +
973.3494 [M+H] ; calcd for
da 86.9
Cs3HsaNgFOy4S, 973.3494
0 .
= 973.3494 [M+H] ; calcd for
ab 88.6
Cs3HsaNgFOy,S, 973.3494
0 .
973.3502 [M+H] ; calcd for
4c 98.3
- Cs3HsaNaFO11S, 973.3494
(0]
1009.3298 [M+H]"; calcd for
ad 80.1
F F Cs3HsNaF30105, 1009.3306
F
i 1023.3458 [M+H]"; calcd f
. +H] ; calcd for
de FoC 100
CsaHsaNaF301:S, 1023.3462
(@]
1023.3458 [M+H]"; calcd for
af 100
f.c CsaHsaNaF301,S, 1023.3462
(6]
F 999.3655 [M+H]"; calcd for
4g X 61.1
CssHsgNaFO11S, 999.3650
o) .
999.3649 [M+H] ; calcd for
ah \ 95.0
. CssHsgNaFO11S, 999.3650
(@]
_ 1005.3743 [M+H]; calcd for
4i 81.2
Cs7Hs7NgO4;S, 1005.3745
0.
_ 1005.3749 [M+H]'; calcd for
4j OO 84.5

Cs7Hs5/NgO5,S, 1005.3745
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Table 8. 500 MHz 'H- and 125 MHz ~C-NMR data of 18,6-O-bisallyl-2-N-(2"-
fluorobenzoyl) Et 770 in CDCLs.

No. 0, in ppm Oc in No. 0, in ppm Oc in
(Jin Hz) ppm (Jin Hz) ppm
1 437 s 60.5 11' - 166.1
3 3.56 d (4.8) 61.0 12' 350 brs 39.2
4 4.64 br s 42.2 251 brs
5 - 141.4 1" - 125.7
6 - 112.7 2" - 161.2
7 - 145.4 3k 7.13 t like (8.6) 116.0
8 - 140.9 4" 7.38 t like 130.0
9 - 113.6 5h 7.26 t like 124.3
10 - 122.6 6" 7.41 q like (6.6) 131.2
11 4.23 dd (5.4, 1.4) 55.4 | 6-OCH,CH=CH, 5.99 ddt (17.3, 10.7, 5.3) 133.1
13 3.45m 54.8 | 6-OCH,CH=CH, 5.32dq(17.3, 1.5) 117.9
14 2.96, 2H, d (8.5) 24.8 5.21 dq(10.7, 1.5)
15 6.58 s 124.7 | 6-OCH,CH=CH, 4.49, 2H, dt (5.3, 1.5) 69.6
16 ~ 131.2 | 18-OCH,CH=CH, 6.08 ddt (17.2, 10.7, 5.4) 134.7
17 - 148.7 | 18-OCH,CH=CH, 5.44 dd (17.2, 1.5) 116.6
18 - 150.2 5.21dq(10.7, 1.5)
19 - 124.4 | 18-OCH,CH=CH, 4.79 ddt (12.8, 5.4, 1.5) 72.9
20 - 130.0 4.30 ddt (12.8, 5.4, 1.5)
21 4.16 d (2.2) 59.4 | OCH,O 6.07 d (1.4) 102.0
22 4.64 brs 60.7 5.98d(1.4)
4.48 br d (10.3) 17-OCH, 3.77s 59.4
1 - 70.5 | 7-OCH, 3.62s 55.2
3' 3.50, 2H, br s 45.6 | 5-OCOCH, 2.29s 20.2
4 241, 2H, m 29.4 | 12-NCH, 2.14 41.8
5' 6.35s 112.7 | 6-CH; 2.05 9.7
6' - 147.1 | 16-CH5 1.80 15.6
T - 147.4 | 2-NCO - 168.9
8' 6.35 s 111.1 | 5-OCO - 168.3
9' - 1279 | 21-CN - 118.3
10' - 126.5
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Table 9. 500 MHz H- and 125 MHz “C-NMR data of 18,6-O-bisallyl-2'"N-(3"-
fluorobenzoyl) Et 770 in CDCls.

No. 5H in ppm 6c in No. SH in ppm ﬁc in
(Jin Hz) ppm (Jin Hz) ppm

1 4335 60.4 17 - 169.4
3 359 brs 60.9 12' 3.58 d (15.3) 39.3
4 4.63 br 42.0 2.30 d (15.3)

5 - 141.2 i3 - 139.2
6 - 112.6 2" 7.21-7.15 (overlapped) 115.2
7 - 145.5 34 - 162.4
8 - 141.3 aq" 7.21-7.15 (overlapped) 117.2
9 - 113.2 Bt 7.43td (8.0, 5.7) 130.2
10 - 1926 6" 7.25d (8.0) 123.8
11 4.22 dd (4.1, 1.4) 55.4 | 6'-OCH,CH=CH, 5.98 ddt (17.2, 10.5, 5.4) 133.1
13 3.45m 54.8 | 6-OCH,CH=CH, 5.32dq(17.2, 1.5) 117.9
14 2.86 br d (17.3) 249 5.22 dq(10.5, 1.5)

3.00 dd (17.3, 9.4) 6'-OCH,CH=CH, 4.48, 2H, dt (5.4, 1.6) 69.6

15 6.61 brs 124.6 | 18-OCH,CH=CH, 6.09 ddt (17.2, 10.7, 5.4) 134.7
16 g 131.3 | 18-OCH,CH=CH, 5.43 dq(17.2, 1.5) 116.8
17 - 148.7 5.23dq(10.7, 1.5)

18 - 150.4 || 18-OCH,CH=CH, 4.78 ddt (12.8, 5.4, 1.5) 72.9
19 - 124.4 4.29 ddt (12.8, 5.4, 1.5)

20 - 130.0 | OCH,O 6.09 d (1.3) 102.1
21 4.13d (2.3) 59.5 6.09d (1.3)

22 4.51, 2H, br 60.4 | 17-OCH, 3.72s 59.4
1 - 69.0 | 7-OCHs 3.66 s 55.2
3' 3.50, 2H, m 45.6 | 5-OCOCH; 2.29s 20.2
q 2.40, 2H, m 29.1 | 12-NCH, 2.14 s 41.8
5 6.35 br s 112.8 | 6-CHs 2.04 s 9.7
6' - 147.1 | 16-CHs 1.80 s 15.3
T - 147.4 | 2-NCO - 171.2
8' 6.53 br s 111.2 | 5-OCO - 168.3
9' - 128.1 | 21-CN - 118.2
10' - 125.8
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Table 10. 500 MHz 'H- and 125 MHz “C-NMR data of 18,6-O-bisallyl-2"N-(4"-
fluorobenzoyl) Et 770 in CDCls.

No. 5H in ppm 5c in No. SH in ppm 6c in
(Jin Hz) ppm (Jin Hz) ppm
1 4.30 s 60.3 10' - 125.7
3 3.60 br d (4.8) 60.9 11 - 169.4
a4 4.61 brs 41.8 12' 3.52.d (15.6) 39.6
5 - 141.1 2.30 d (15.6)
6 - 112.5 13 - 132.9
7 - 145.5 2L 7.48 dd (8.6, 5.5) 130.6
8 - 1415 Sy 7.15t(8.6) 1154
9 - 113.0 q" - 163.9
10 - 122.1 He 7.15t(8.6) 115.4
11 4.22 dd (4.8, 1.3) 55.4 6" 7.48 dd (8.6, 5.5) 130.6
13 3.44 br d (9.3) 54.8 | 6'-OCH,CH=CH, 5.99 ddt (17.2, 10.5, 5.4) 133.1
14 2.97 dd (17.2, 9.3) 25.0 | 6-OCH,CH=CH, 5.32dq(17.2, 1.5) 117.8
2.81 brd(17.2) 5.22 dq(10.5, 1.5)
15 6.57 brs 124.4 | 6-OCH,CH=CH, 4.48, 2H, dt (5.4, 1.5) 69.6
16 - 131.1 | 18-OCH,CH=CH, 6.08 ddt (17.2, 10.5, 5.4) 134.6
17 = 148.6 | 18-OCH,CH=CH, 5.44 dq (17.2, 1.5) 116.8
18 - 150.5 5.23dq(10.5, 1.5)
19 - 124.5 | 18-OCH,CH=CH, 4.78 ddt (12.8, 5.5, 1.5) 73.0
20 - 130.1 4.29 ddt (12.8, 5.4, 1.5)
21 4.10d (2.0) 59.6 | OCH,O 6.10 d (1.5) 102.1
22 4.61brs 60.4 6.01 d (1.5)
4.43 br d (11.0) 17-OCH, 3.73s 59.4
1' - 68.6 | 7'-OCH, 3.66 s 55.2
3 3.49, 2H, t (6.0) 45.5 | 5-OCOCH; 229 s 20.2
q 2.39, 2H, m 29.0 | 12-NCH; 214 s 41.8
5' 6.34 s 112.8 | 6-CH5 2.04 s 9.7
6' - 147.0 | 16-CH; 1.85brs 15.6
T - 147.3 | 2-NCO - 172.0
8' 6.58 br s 111.3 || 5-OCO - 168.3
9' - 128.2 || 21-CN - 118.1
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Table 11. 300 MHz 'H- and 75 MHz “C-NMR data of 18,6-O-bisallyl-2-N-(2" 3" 4"-
trifluorobenzoyl) Et 770 in CDCLs.

No. 5H in ppm ﬁc in No. SH in ppm 6c in
(Jin Hz) ppm (Jin Hz) ppm
1 4.35 br s 60.4 10' - 126.0
3 3.56 br s 60.9 T - 168.3
4 4.67 br 422 12' 3.50 br 39.0
5 - 140.9 2.49d (14.7)
6 - 112.6 1" -
7 - 145.5 2" -
8 - 1414 5. -
9 - 1134 4" -
10 - 1224 S 7.05brs 112.8
11 4.22m 55.4 6" 7.07 brs 123.3
13 3.50 br 54.9 | 6-OCH,CH=CH, 5.96 ddt (17.1, 10.5, 5.4) 133.0
14 2.98 br d (17.7) 24.9 | 6'-OCH,CH=CH, 529 dq(17.1,1.5) 117.9
2.89 br d (17.7) 5.20 dq (10.5, 1.5)
15 6.52's 123.2 | 6-OCH,CH=CH, 4.46, 2H, br d (5.4) 69.7
16 - 131.2 | 18-OCH,CH=CH, 6.05 ddt (17.1, 10.5, 5.4) 134.7
17 - 148.8 | 18-OCH,CH=CH, 5.41dq(17.1, 1.5) 116.8
18 - 150.2 5.20 dq (10.5, 1.5)
19 - 124.6 | 18-OCH,CH=CH, 4.76 dd (12.9, 5.1) 729
20 - 130.0 4.27m
21 4.14 br s 59.4 | OCH,O 6.05 d (0.6) 102.1
22 4.64 br s 60.6 5.96 d (0.6)
4.24m 17-OCHs, 372s 59.4
' - 70.5 | 7-OCH; 359 s 55.2
' 3.45, 2H, br 455 | 5-OCOCH; 2.26's 20.3
' 237 dt(16.2, 4.2) 29.3 | 12-NCH, 212s 41.8
2.49 br 6-CHs 201s 9.8
5' 6.33 s 112.6 | 16-CH, 1.79 s 15.6
6 - 147.5 | 2-NCO - 168.8
' - 147.2 | 5-OCO - 164.0
' 6.33 s 111.0 | 21-CN - 118.1
' - 127.7
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500 MHz 'H- and 125 MHz ~C-NMR data of 18,6-O-bisallyl-2-N-(3"-
triftuoromethylbenzoyl) Et 770 in CDCls.

No. 0,,in ppm Ocin No. 0y in ppm O in
(Jin Hz) ppm (Jin Hz) ppm
1 4.37 s 60.6 9' - 127.8
3 3.56 d (5.1) 60.9 10' - 126.0
4 4.65 br s 42.2 11 - 169.4
5 - 141.1 12' 3.63, 2H, d (15.4) 39.0
6 - 112.6 L - 138.1
7 - 145.5 2" 779 s 125.1
8 - 141.3 25 - 130.9
9 - 113.4 4" 7.77d(7.7) 126.8
10 - 122.4 5% 7.621(71.7) 129.0
11 4.22dd (5.1, 1.4) 55.3 6" 7.67d(7.7) 131.6
13 3.46 d (9.7) 54.8 || 3"-CFs - 123.8
14 2.98 dd (17.3, 9.3) 24.7 | 6'-OCH,CH=CH, 5.99 ddt (17.3, 10.6, 5.4) 133.1
2.87 d (17.3) 6'-OCH,CH=CH, 5.32dq(17.3, 1.5) 1179
15 6.44 s 124.3 5.22 dq(10.6, 1.5)
16 - 131.2 | 6-OCH,CH=CH, 4.49, 2H, dt (5.4, 1.5) 69.6
17 - 148.7 | 18-OCH,CH=CH, | 6.07 ddt (17.4, 10.6, 5.4) 134.7
18 - 150.3 || 18-OCH,CH=CH, | 5.43 dq(17.4, 1.5) 116.7
19 - 124.3 5.22dq(10.6, 1.5)
20 - 130.0 | 18-OCH,CH=CH, | 4.77 ddt (12.7, 5.4, 1.4) 72.9
21 4.17d (2.2) 59.6 4.28 ddt (12.7, 5.4, 1.4)
22 4.65 br s 60.5 | OCH,O 6.09 d (1.3) 102.0
4.40 br d (9.4) 6.00 d (1.3)
1 - 70.1 | 17-OCH, 3.73s 59.6
3' 358 m 46.2 || 7'-OCHs 3.65s 55.2
344 m 5-OCOCH; 2.30s 20.2
4 2.47 ddd (16.1, 10.1, 5.8) 29.1 | 12-NCH; 2.13s 41.8
2.34 dd (16.1, 4.2) 6-CHs 2.05s 9.7
5' 6.35s 112.6 | 16-CH; 1.58 s 15.1
6' - 147.2 | 2'-NCO - 170.4
T - 147.4 | 5-OCO - 168.2
8' 6.46 s 111.2 || 21-CN - 118.2
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Table 13. 500 MHz 'H- and 125 MHz ~C-NMR data of 18,6-O-bisallyl-2'"N-(4"-
triftuoromethylbenzoyl) Et 770 in CDCls.

No. 0, in ppm Ocin No 0y in ppm O in
(in Hz) ppm (Jin Hz) ppm
1 4.35s 60.5 10' - 125.8
3 3.58 d (6.0) 60.9 11' - 169.3
[ 4.65 br s 42.0 12' 3.59 d (14.7) 39.2
5 - 141.2 2.45 d (14.7)
6 - 115/ 1" - 140.6
7 - 145.5 2 7.58 d (7.9) 128.5
8 - 141.3 3" 7.73d(7.9) 1254
9 - 113.2 4" 7.58 d (7.9) 132.0
10 - 122.3 5% 7.73d(7.9) 125.4
11 4.22 dd (6.0, 1.5) 55.4 6" - 128.5
13 3.46 d (9.3) 54.8 || 4"-CF, - 123.8
14 299 dd (17.2,9.3) 24.9 | 6-OCH,CH=CH, 5.99 ddt (17.2, 10.6, 5.4) 133.1
2.86 d (17.2) 6'-OCH,CH=CH, 5.32dq(17.2,1.4) 117.9
15 6.53 s 124.5 5.23dq(10.5, 1.4)
16 - 131.1 | 6-OCH,CH=CH, 4.49, 2H, dt (5.4, 1.4) 69.6
17 = 148.7 | 18-OCH,CH=CH, 6.07 ddt (17.2, 10.5, 5.4) 134.7
18 - 150.4 || 18-OCH,CH=CH, 5.44 dq(17.2,1.4) 116.8
19 - 124.6 5.23 dq(10.5, 1.4)
20 - 130.0 | 18-OCH,CH=CH, 4.78 ddt (12.8, 5.4, 1.4) 72.9
21 4.13d (1.9 59.6 4.29 ddt (12.8, 5.4, 1.4)
22 4.58 br s 60.6 | OCH,O 6.09 d (1.1) 102.1
4.46 br d (10.3) 6.00 d (1.1)
1 - 69.6 | 17-OCHs 3.70 s 59.4
3 3.50, 2H, m 45.7 | 7-OCH; 3.65s 55.2
4 2.45 ddd (16.2, 8.9, 6.8) 29.1 | 5-OCOCHs, 230 s 20.2
2.36 dd (16.2, 5.0) 12-NCH, 213s 41.8
5' 6.35s 112.7 | 6-CH; 2.05s 9.7
6' - 147.2 || 16-CHs 1.70 s 15.5
' - 147.4 | 2-NCO - 170.8
' 6.48 s 111.2 | 5-OCO - 168.3
' - 1279 | 21-CN - 118.1
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Table 14. 500 MHz 'H- and 125 MHz ~C-NMR data of 18,6-O-bisallyl-2'"N-(3"-
fluorocinnamoyl) Et 770 in CDCls.

No. 0, in ppm 0, in ppm dcin
(Jin Hz) (Jin Hz) ppm

1 433 brs 60.3 12' 3.48 d (15.4) 39.1
3 3.57 br d (5.0) 60.8 2.32d(15.4)

4 4.62 brs 41.9 1" - 137.7
5 - 141.3 24 7.24td (7.8, 2.3) 113.7
6 - 112.8 3" - 163.1
7 - 145.4 4" 7.08 tt (7.8, 2.3) 116.4
8 - 140.8 G 7.38 td (7.8, 5.8) 130.4
9 - 113.6 6" 7.29 td (7.8, 2.3) 123.7
10 - 1223 A 6.76 d (15.6) 122.3
11 4.22 dd (5.0, 1.1) 55.3 8" 7.34 d (15.6) 140.0
13 3.42 m 54.8 | 6'-OCH,CH=CH, 5.98 ddt (17.5, 10.7, 5.4) 133.1
14 2.92, 2H, d (5.4) 24.7 | 6-OCH,CH=CH, 5.31dq(17.5,1.5) 117.9
15 6.60 s 124.4 5.22 dq(10.7, 1.5)

16 - 130.9 || 6'-OCH,CH=CH, 4.64, 2H, dt (5.4, 1.5) 69.7
17 5 148.6 | 18-OCH,CH=CH, 6.09 ddt (17.2, 10.9, 4.5) 134.7
18 - 150.3 | 18-OCH,CH=CH, 5.45dq(17.2,1.4) 116.6
19 5 124.4 5.23dq(10.9, 1.4)

20 - 130.2 | 18-OCH,CH=CH, 4.79 ddt (10.9, 4.5, 1.4) 72.9
21 4.12d (2.5) 59.7 4.31 dd (10.9, 4.5)

22 4.63 br d (10.5) 61.0 | OCH,0O 6.06 d (1.3) 102.0

4.28 br d (10.5) 5.98d (1.3)

1' - 69.7 | 17-OCH;, 3835 59.4
3 371, 2H, m 43.8 | 7-OCH; 361s 55.1
q 2.57, 2H, t (6.0) 29.1 | 5-OCOCH; 2.30s 20.3
5' 6.37s 112.8 || 12-NCH; 2155 41.8
6' - 147.1 | 6-CH5 2.04s 9.7
7 - 1475 | 16-CH, 1.99 s 16.1
8 6.32's 110.7 | 2-NCO - 167.0
9 - 128.6 | 5-OCO - 168.3
10' - 126.3 | 21-CN - 1183
11' - 169.0
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Table 15. 500 MHz 'H- and 125 MHz "C-NMR data of 18,6-O-bisallyl-2'"N-(4"-
fluorocinnamoyl) Et 770 in CDCls.

No. 0, in ppm 0, in ppm Ocin
(Jin Hz) (Jin Hz) ppm
1 4.33 brs 3.49 d(15.4) 39.1
3 3.57 br d (5.0) . 2.36 d (15.4)
[ 4.61 brs 41.9 1" - 131.6
5 - 141.3 2" 7.52 dd (8.6, 5.4) 129.3
6 - 112.8 24 7.11t(8.6) 116.0
7 - 145.4 4" - 163.4
8 - 140.8 OE 7.11t(8.6) 116.0
9 - 113.6 6" 7.52 dd (8.6, 5.4) 129.3
10 - 122.3 % 6.69 d (15.5) 120.6
11 4.22 dd (5.0, 1.4) 55.3 8" 7.36 d (15.5) 140.2
13 341'm 54.8 | 6-OCH,CH=CH, 5.98 ddt (17.3, 10.7, 5.4) 133.2
14 2.92,2H,d (5.4) 24.7 | 6-OCH,CH=CH, 5.31dq(17.3, 1.6) 117.6
15 6.59 s 124.4 5.22 dq(10.7, 1.6)
16 - 130.9 | 6'-OCH,CH=CH, 4.49, 2H, dt (5.4, 1.4) 69.7
17 - 148.5 | 18-OCH,CH=CH, 6.09 ddt (17.1, 10.5, 5.3) 134.7
18 3 150.3 | 18-OCH,CH=CH, 5.45dq(17.1, 1.5) 116.6
19 - 124.4 5.23 dq(10.5, 1.5)
20 b 130.2 | 18-OCH,CH=CH, 4.79 ddt (11.3, 3.7, 1.5) 72.9
21 4.11d(2.6) 59.7 4.32 dd (11.3, 5.3)
22 4.62 brd(11.1) 60.9 | OCH,O 6.06 d (1.3) 102.0
4.29 brd (11.1) 5.98d(1.3)
1 - 69.6 | 17-OCH, 383s 59.4
3' 3.72, 2H, t (6.2) 43.7 || 7-OCH5 3.61s 55.1
4 2.57, 2H, t (6.2) 29.1 | 5-OCOCH; 2.30s 20.3
5' 6.32 s 112.8 | 12-NCH, 214 s 41.8
6' - 147.1 | 6-CH, 2.04 s 9.7
' - 147.5 | 16-CH, 1975 16.1
' 6.37 s 110.7 | 2-NCO - 167.3
' - 128.6 | 5-OCO - 168.3
10' - 126.3 | 21-CN - 118.2
11 - 169.0
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500 MHz 'H- and 125 MHz ~C-NMR data of 18,6-O-bisallyl-2-N-(2"-
naphthoyl) Et 770 in CDCls.

No. 0, in ppm 0, in ppm Oc in ppm
(in Hz) (Jin Hz)
1 4.35s 60.5 11 - 169.7
3 3.59d(5.1) 60.9 12' 3.67 overlapped 39.2
a 4.62 br 42.0 243 brs
5 - 141.3 1" 8.00 br s 128.5
6 - 112.7 2" - 134.4
7 - 145.5 3" 7.55dd (8.4, 1.3) 125.4
8 - 1413 aq" 7.96-7.92 (overlapped) 127.9
9 - 1132 5 7.96-7.92 (overlapped) 127.8
10 - 1224 6" 7.60-7.57 (overlapped) 127.2
11 4.22 dd (5.6, 1.5) 55.4 7 7.60-7.57 (overlapped) 126.6
13 3.47d(7.9) 54.9 8" 7.96-7.92 (overlapped) 128.6
14 3.02 dd (17.4, 9.0) 24.9 9" - 132.8
2.94.d (17.4) 10" - 134.1
15 6.53 brs 124.5 | 6'-OCH,CH=CH, 5.98 ddt (17.2, 10.5, 5.4) 133.1
16 - 131.3 | 6-OCH,CH=CH, 531dq(17.2,1.5) 117.8
17 - 148.6 5.21dq (105, 1.5)
18 - 150.3 | 6'-OCH,CH=CH, 4.56, 2H, dt (5.4, 1.5) 69.6
19 - 124.3 | 18-OCH,CH=CH, 6.06 ddt (17.2, 10.5, 5.5) 134.7
20 - 129.9 | 18-OCH,CH=CH, 5.42dq(17.2,1.5) 116.7
21 417 brs 59.5 5.21dq (105, 1.5)
22 4.62 br 60.4 || 18-OCH,CH=CH, 4.76 ddt (12.8,5.5, 1.5) 72.9
4.50 br d (11.6) 4.26 ddt (12.8, 5.5, 1.5)
1' - 69.5 | OCH,O 6.10d (1.3) 102.0
3 3.67 overlapped 45.9 6.00 d (1.3)
3.50 ddd (14.1, 8.9, 5.2) 17-OCH;, 3.69s 59.4
4 2.45 ddd (15.6, 9.5, 6.1) 29.1 || 7'-OCH, 3.67s 55.2
2.34.d (15.6) 5-OCOCH; 2.30s 20.2
5' 6.33 s 112.7 | 12-NCH, 2.13s 41.8
6' - 147.0 | 6-CH, 2.05s 9.7
T - 147.3 | 16-CH, 1.40s 15.1
8' 6.53 brs 111.3 | 2-NCO - 172.5
9' - 128.2 | 5-OCO - 168.3
10' - 126.1 | 21-CN - 118.2




Table 17. 500 MHz 'H- and 125 MHz ~C-NMR data of

naphthoyl) Et 770 in CDCls.

75

18,6'-O-bisallyl-2'-N-(1"-

No. 0, in ppm Ocin
(Jin Hz) ppm
1 4.40 brs 60.3 11 - 169.4
3 357 brs 60.9 12' 3.62d(15.2) 40.2
4 4.67 brs 42.1 3.52.d(15.2)
5 - 1415 1" - 135.3
6 - 1126 2" 7.92m 128.1
7 - 145.5 6 7.50 m 125.2
8 - 141.3 4" 7.59 m 126.2
9 - 113.4 H2 7.67m 127.2
10 - 122.7 6" 7.40 m 125.8
11 4.25d (3.4) 55.4 7 7.50 m 125.2
13 3.49m 54.9 8" 7.92m 129.7
14 303 brs 25.1 9" - 129.0
3.00 brs 10" - 133.2
15 6.33 s 124.7 | 6-OCH,CH=CH, 5.98 ddt (18.8, 10.9, 5.4) 133.1
16 - 131.6 | 6-OCH,CH=CH, 5.32 dd (18.8, 1.4) 117.9
17 - 148.6 5.22 dq(10.9, 1.4)
18 2 150.3 | 6-OCH,CH=CH, 4.48 br d (5.4) 69.6
19 - 124.1 || 18-OCH,CH=CH, 6.08, 2H, ddt (18.6, 10.5, 5.4) 134.8
20 - 129.7 | 18-OCH,CH=CH, | 5.44 br d (18.6) 116.7
21 418 brs 59.9 5.22 dd (10.5, 1.4)
22 4.59 brs 61.2 | 18-OCH,CH=CH, 4.77 ddt (12.7, 5.4, 1.4) 72.9
451 brs 4.29 dd (12.7, 5.4)
1' - 71.3 | OCH,O 6.09 d (1.3) 102.1
3' 3.62 overlapped 45.0 6.02 d (1.3)
3.30m 17-OCH, 3.78 s 59.3
4 2.37 brs 29.7 | 7-OCH, 3.66 s 553
229 m 5-OCOCH; 231 20.3
5' 6.33 s 112.7 || 12-NCH, 2.15s 41.8
6' - 147.2 | 6-CHs 2.05s 9.8
T - 1474 || 16-CHs 1.57s 15.7
8' 6.46 s 111.3 | 2-NCO - 170.1
9' - 128.3 | 5-OCO - 168.4
10' - 126.3 | 21-CN - 118.2
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4. Preparation of the 2'-N-acyl Et 770 Derivatives

The allyl groups of 18,6'-O-bisallyl-2'-N-acyl Et 770 derivatives (4a-4j) were
converted to the free hydroxyl groups by 16.5 equivalents of tributyltin hydride (n-
BusSnH) (Dangles et al., 1987) with (PhsP),Pd(INCl, (0.6 eq) as a catalyst for
hydrostannolytic cleavage in the presence of glacial AcOH (37.5 eq), a proton donor,
in THF at 25 °C for 1-4 hours to provide the 2'-N-acyl Et 770 derivatives (5a-5i) in
31.1-89.1 % yields (Table 18). The mechanism of action has been proposed that the
allyl groups were cleavage by (Phs;P),Pd(0), which is formed by reduction of
(Ph3P),Pd(IICL, by n-BusSnH. In the catalytic process, (PhsP),Pd(0) reacts with the allyl
groups to give the allyl-palladium(ll) complexs, then reacts with n-Bu;SnH to produce
the -OSnBus functional groups and propene. After that, the -OSnBus; functional
groups were hydrolyzed by glacial AcOH to provide the free hydroxyl groups. The
deallylation mechanism to produce the 2'-N-acyl Et 770 derivatives is shown in Figure

28.

Preparations of nine 18,6'-O-bisallyl-2'-N-acyl Et 770 derivatives (5a-5i) were
achieved via the deallylation process. In contrast, the 18,6-O-bisallyl-2'-N-(1"-
Napthoyl) Et 770 (4j) was unable to be removed the allyl groups from structure, that
may result from unsuitable chemical reaction. The structures of these compounds
were elucidated by the interpretation of HR-FABMS and NMR spectral data. The HR-
FABMS spectra (Figures 89, 94, 99, 104, 109, 114, 119, 124, and 129) of these products
presented the pseudomolecular ions [M+H]" corresponding to the molecular
formulae of the expected products (Table 18). The 'H- and "C-NMR spectra (Figures
87, 88, 92, 93, 97, 98, 102, 103, 107, 108, 112, 113, 117, 118, 122, 123, 127, and 128)

of the deallylated derivatives showed characteristic signals similar to those of the



14

parent 18,6'-O-bisallyl-2-N-acyl Et 770 except the disappearance of the allyl signals
along with the appearance of the 18-OH (around Oy 5.70-5.77) and 6'-OH (around Oy
5.47-5.51) signals. This evidence implied that the allyl groups were completely
removed and replaced by the phenolic hydroxyl protons. The NMR spectral data of

the 2'-N-acylated products are shown in Tables 18-27.

(Ph3P)2Pd(”)CI2 + ZBU3SnH S — (Ph3P)2Pd(O) + 2BU3SnC| + H2

H™+ BuzSn* )

PN

(Ph3P),Pd(0) |7
PhsP),Pd*

H3CO GpeR): HsCO
HaC HsC
HaC —_— HsC

0 0
\_d N \/
)OI\
CHj 03(
HO 0
Bugsn/
H3CO H,CO
CHs
HsC 2 H3C
HsC H4C

Figure 28. The deallylation mechanism by palladium-catalyzed hydrostannolytic

cleavage.
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Table 18. The summary of yields and HR-FABMS data of the 2-N-acyl Et 770

derivatives.
HO.
H,CO
HsC
HsC
Compounds R %Yield m/z (HR-FABMS)
F O +
893.2875 [M+H] ; calcd for
5a 69.6
Ca7HaeNgFO44S, 893.2868
o] +
E 893.2869 [M+H] ; calcd for
5b 87.0
Ca7HaeNgFO44S, 893.2868
) +
893.2872 [M+H] ; calcd for
5c 89.1
. Ca7HaeNgFO44S, 893.2868
0
929.2683 [M+H]"; calcd for
5d 31.5
F F C47H44N4F30105, 9292680
F
i 943.2839 [M+H]'; calcd f
) +H] ; calcd for
5e FsC 80.4
CagHagNaF504,S, 943.2836
o)
943.2845 [M+H]+; calcd for
5f 66.3
f.c CagHagNaF504,S, 943.2836
o +
F 919.3029 [M+H] ; calcd for
5g N 65.2
CaoHagNgFO44S, 919.3025
o +
919.3028 [M+H] ; calcd for
5h o= 65.2
. CaoHagNaFO4,S, 919.3024
0
, 925.3128 [M+H]"; calcd for
5i 56.6
Cs1HaoNOy1S, 925.3121
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Table 19. 500 MHz 'H- and 125 MHz “C-NMR data of 2-N-(2"-fluorobenzoyl) Et 770

in CDCLs.
CHs
No. 5H in ppm 6C in No SH in ppm 6c in
(Jin Hz) ppm (Jin Hz) ppm
1 4.37 s 60.4 6 - 144.7
3 3.56 d (4.5) 61.1 ¢! - 144.9
4 4.67 brs 4a2.1 8 6.43 s 110.3
5 - 141.4 9 - 127.2
6 - 112.6 10' - 125.8
7 - 145.4 1.1/ - 166.2
8 - 141.1 12' 358 brs 39.4
9 - 113.6 233 brs
10 - 122.6 1= - 125.7
11 4.26 dd (5.1, 1.4) 55.0 2" - 161.2
13 3.45m 54.8 3 7.12 t like (8.2) 116.0
14 297 dd (17.3,9.1) 24.8 4" 7.32 br 129.3
2.90d (17.3) 5t 7.24 br 124.3
15 6.39 s 121.1 6" 7.42 q like (5.8) 131.0
16 - 129.3 | 18-OH 5735
17 - 144.7 | 6'-OH 549 s
18 - 147.4 | OCH,O 6.09 d (1.3) 102.0
19 - 117.9 599 d (1.3)
20 - 130.5 | 17-OCHs 371s 60.2
21 4.14d(2.2) 59.8 | 7-OCHj 3.66 s 55.3
22 4.67, 2H, br s 60.9 | 5-OCOCH; 2335 20.3
1 - 70.5 | 12-NCH, 2.14 41.8
3' 3.47 brs 453 | 6-CHs 2.05 9.8
3.44 m 16-CH, 1.82 15.5
4 252m 29.1 | 2-NCO - 169.1
240 m 5-0CO - 168.4
5 6.35 s 113.8 | 21-CN - 118.3
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Table 20. 500 MHz 'H- and 125 MHz "C-NMR data of 2"-N-(3"-fluorobenzoyl) Et 770

in CDCLs.
CH,
No. 0,,in ppm O in No. 0, in ppm Oc in
(Jin Hz) ppm (Jin Hz) ppm
1 4.33 s 60.3 6' - 144.8
3 3.58s 61.0 7 - 144.7
a4 4.66 br s 41.8 8' 6.55 s 110.4
5 - 141.2 9' - 127.3
6 - 112.6 10' - 126.6
7 - 145.5 11 - 169.5
8 - 141.5 122 3.58 br d (15.0) 39.4
9 - 113.1 2.39 d (15.0)
10 - 122.2 1" - 139.1
11 4.26 dd (4.9, 1.3) 55.3 2" 7.15d(8.8) 115.2
13 3.45m 54.8 3" - 162.4
14 299 dd (17.4,9.3) 25.0 4" 7.19m 117.2
2.83d(17.4) 5" 7.42td (7.8, 5.7) 130.2
15 6.42 s 120.9 6" 7.25d(7.8) 123.8
16 - 129.4 | OCH,O 6.10d (1.4) 102.1
17 - 143.0 6.00 d (1.4)
18 - 147.5 || 18-OH 574 s
19 - 117.8 | 6'-OH 550 s
20 - 130.4 || 17-OCH5 3.69 s 60.1
21 4.11d(2.2) 59.8 | 7-OCHs 3.63s 55.0
22 4.58 br s 60.7 | 5-OCOCH; 2.33s 20.3
4.47 br d (10.5) 12-NCHs 214 s q41.7
1 - 69.7 | 6-CHs 2.03s 9.8
3' 347 m 45.6 | 16-CH, 182 s 15.3
3.41m 2'-NCO - 171.3
q 2.40,2H, m 28.8 | 5-0CO - 168.4
5' 6.42 s 1139 | 21-CN - 118.2
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Table 21. 500 MHz 'H- and 125 MHz “C-NMR data of 2"N-(4"-fluorobenzoyl) Et 770

in CDCLs.
No. 8H in ppm 6C in No 6H in ppm ﬁc in
(Jin Hz) ppm (Jin Hz) ppm
1 4.31s 60.2 \ - 144.7
3 3.59d(4.7) 61.0 ' 6.59 br s 1104
a4 4.64 brs a1.7 9' - 127.4
5 - 141.1 10' - 126.5
6 - 151275 11 - 169.6
7 - 143.0 12' 3.53d(15.3) 39.7
8 - 141.6 2.33d (15.3)
9 - 113.0 1" - 132.9
10 - 122.1 2" 7.46 dd (8.7, 5.6) 130.6
11 4.25dd (4.7, 1.4) 55.0 3" 7.14t(8.7) 1154
13 3.43d (9.3) 54.8 aq" - 163.9
14 2.97dd (17.2,9.3) 25.0 5" 7.14t(8.7) 1154
2.78 br d (17.3) 6" 7.46 dd (8.7, 5.6) 130.6
15 6.37 br s 120.7 || 18-OH 577s
16 3 129.2 | 6'-OH 551 brs
17 - 145.5 | OCH,O 6.11d(1.3) 102.1
18 - 147.7 6.01 d (1.3)
19 - 118.0 || 17-OCH;4 3.70 s 60.1
20 - 130.6 | 7'-OCH, 3.66 s 55.3
21 4.08 d (1.9) 59.9 | 5-OCOCH; 232s 20.3
22 4.64 brs 60.6 | 12-NCH, 214 s 41.7
4.40 br d (10.7) 6-CH5 2.04 s 9.8
1 - 69.7 | 16-CH;, 1.88s 15.6
3' 3.45, 2H, m 455 | 2-NCO - 172.0
q 2.38,2H, m 28.7 | 5-0CO - 168.4
5' 6.41 s 1139 | 21-CN - 118.2
6 - 144.8
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Table 22. 300 MHz "H- and 75 MHz 13C—NI\/\R data of 2'-N-(2",3",4"-trifluorobenzoyl) Et

770 in CDCL.

No. 0,,in ppm Oc in No. 0., in ppm Oc in
(Jin Hz) ppm (Jin Hz) ppm
1 4.34 s 60.4 6 - 145.0
3 354 brs 61.1 T - 144.9
a 4.67 brs 42.0 8 6.36 s 110.2
5 - 141.4 9 - 128.8
6 - 112.7 10' - 126.8
7 - 145.5 17 - 168.4
8 - 141.2 12' 3.55d (15.0) 39.2
9 - 113.4 2.50 d (15.0)
10 A 122.4 1" -
11 4.24 d (4.8) 55.0 2" -
13 3.41m 54.8 3" -
14 2.95dd (17.4, 8.7) 24.9 4" -
2.84.d(17.4) 5¢ 7.04 br 112.7
15 6.33 s 120.9 6" 7.06 br 1235
16 = 129.1 | 18-OH 572 s
17 = 143.0 | 6'-OH 547 s
18 - 147.4 | OCH,O 6.06 d (0.9) 102.0
19 - 118.1 5.97 d (0.9)
20 - 130.6 | 17-OCH, 3.66 s 60.2
21 4.11d(1.8) 59.8 | 7-OCH5 3.65s 55.4
22 4.60, 2H, m 61.1 | 5-OCOCH, 2.32s 20.4
1 - 70.3 | 12-NCH, 2.11s 41.8
3 343 m 45.5 | 6-CHs, 2.02s 9.8
3.41m 16-CH5 1.82s 155
4 241 m 29.1 | 2-NCO - 169.3
235m 5-0CO - 169.0
5 6.42 s 113.8 | 21-CN - 118.3
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Table 23. 500 MHz H- and 125 MHz C-NMR data of 2'-N-(3"-trifluoromethylbenzoyl)

Et 770 in CDCls.

CH,
No. 0,,in ppm O in No. 0, in ppm Oc in
(Jin Hz) ppm (Jin Hz) ppm
1 4.36 s 60.5 6' - 144.8
3 3.56 d (4.8) 61.0 T - 144.9
4 4.67 brs 42.0 8' 6.47 s 110.4
5 - 141.3 9 - 127.1
6 - 112.6 10' - 126.8
7 - 145.5 17 - 169.6
8 - 141.3 12' 3.64 d (15.4) 39.1
9 - 1133 2.51d(15.4)
10 . 122.3 1" - 138.0
11 4.25dd (5.1, 1.4) 54.9 20 7.76s 125.2
13 3.45d(9.2) 54.8 3" - 130.9
14 297 dd (17.5,9.2) 24.7 4" 7.76 d (7.8) 126.9
2.84 d (17.5) &' 7.611t(7.8) 129.0
15 6.24 s 120.7 6" 7.65d (7.8) 131.6
16 - 129.3 | 3"-CF, - 123.8
17 - 143.0 | 18-OH 570s
18 - 1475 | 6'-OH 5.49 s
19 - 117.8 | OCH,O 6.10d (1.1) 102.0
20 - 130.4 6.00 d (1.1)
21 4.15d(2.3) 59.6 | 17-OCHs 3.69 s 60.1
22 4.61 br d (10.5) 60.7 | 7-OCH; 3.64s 55.3
4.47 br d (10.5) 5-OCOCH;5 2.33s 20.4
1 - 70.0 | 12-NCH, 2.13s 41.7
3' 3.53 m 46.3 | 6-CHs 2.05s 9.8
3.40 ddd (14.5, 9.9, 4.8) 16-CH; 1.60 s 15.0
a4 2.45 ddd (16.0, 9.9, 6.1) 28.9 | 2-NCO - 170.5
2.33 dd (16.0, 4.2) 5-0CO - 168.3
5' 6.42 s 113.8 | 21-CN - 118.2
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Table 24. 500 MHz H- and 125 MHz C-NMR data of 2'-N-(4"-trifluoromethylbenzoyl)

Et 770 in CDCls.

HO

CH3

No. 0,,in ppm O in No. 0, in ppm Oc in
(Jin Hz) ppm (Jin Hz) ppm
1 4.34 s 60.4 ' - 144.9
3 3.58 m 61.0 ' 6.50 s 110.3
a4 4.67 brs 41.9 \ - 127.1
5 - 141.3 10' - 126.6
6 - 112.6 17 - 169.4
7 - 143.0 12' 3.60 d (15.3) 39.2
8 - 141.4 2.44 d (15.3)
9 > 113.2 1= - 140.6
10 - 122.2 2" 7.56 d (7.9) 128.5
11 4.25dd (4.9, 1.5) 55.0 3" 7.72d(7.9) 125.4
13 3.46 d (9.3) 54.8 4" 7.56 d (7.9) 132.0
14 2.99 dd (17.3, 9.4) 25.0 5" 7.72d(7.9) 125.4
2.83d(17.3) 6" - 128.5
15 6.33 s 120.8 | 4"-CF; - 123.8
16 - 129.2 | 18-OH 571s
17 - 1455 | 6'-OH 5.49 s
18 - 147.6 | OCH,O 6.10 d (1.5) 102.1
19 - 118.0 6.01d (1.5)
20 - 130.4 || 17-OCHj4 3.69 s 60.1
21 4.12d(2.3) 59.9 | 7-OCHs 3.62s 55.3
22 4.52,2H, br s 60.8 | 5-OCOCHs, 2.33s 20.4
1 - 69.4 | 12-NCH, 2.13s 41.7
' 3.45, 2H, m 457 | 6-CHs 2.05s 9.8
' 2.42 dt (16.2, 4.8) 28.9 | 16-CH; 1.73 s 15.4
2.36 ddd (16.2, 9.1, 6.4) 2'-NCO - 170.9
5 6.42 s 113.8 | 5-OCO - 168.4
' - 144.8 | 21-CN - 118.2
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Table 25. 500 MHz 'H- and 125 MHz "C-NMR data of 2'-N-(3"-fluorocinnamoyl) Et

770 in CDCL.
No. 6H in ppm 5c in No. SH in ppm 6c in
(Jin Hz) ppm (Jin Hz) ppm
1 4.33 brs 60.2 8' 6.34 s 109.9
3 3.56 br d (4.7) 60.9 9 - 127.8
a4 4.60 br s 41.9 10' - 127.2
5 - 141.3 11 - 169.1
6 - 112.6 12' 3.50 d (15.0) 39.2
7 - 145.4 2.33d (15.0)
8 - 140.9 i3 - 137.7
9 = 113.6 2" 7.22td (7.9, 2.2) 113.8
10 - 122.3 3" - 163.1
11 4.25dd (4.7, 1.4) 54.9 4. 7.07 tt (7.9, 2.2) 116.4
13 341m 54.7 5" 7.381d (7.9, 5.8) 130.4
14 291, 2H,d (5.4) 24.7 6" 7.27td (7.9, 2.2) 123.6
15 6.41s 120.7 I’ 6.75 d (15.6) 122.3
16 - 129.1 8" 7.30 d (15.6) 140.0
17 - 142.9 || 18-OH 577s
18 - 147.5 | 6'-OH 549 s
19 - 117.9 | OCH,O 6.07 d (1.5) 102.0
20 - 130.7 5.98 d (1.5)
21 4.10d (2.6) 60.0 | 17-OCHs 377 s 60.2
22 4.61 br d (10.5) 61.1 | 7-OCH; 3.65s 55.3
4.32 br d (10.5) 5-OCOCH; 2335 20.4
1 - 69.7 | 12-NCH, 2155 41.7
3' 3.68 m 439 | 6-CHs 204 s 9.8
3.68 m 16-CH, 201s 16.0
4 2.56, 2H, t (5.7) 289 | 2-NCO - 167.0
5' 6.45 s 113.6 | 5-OCO - 168.4
6' - 144.8 | 21-CN - 118.3
7 - 144.8
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Table 26. 500 MHz 'H- and 125 MHz C-NMR data of 2'-N-(4"-fluorocinnamoyl) Et

770 in CDCl,.
CHs
No. 0, in ppm 0, in ppm Ocin ppm
(U in Hz) (U in Hz)
1 4.32 br s 60.2 8' 6.40 s 109.9
3 3.56 d (4.5) 60.8 9 - 1279
[ 4.60 br s 41.8 10' - 127.2
5 - 141.3 11 - 169.1
6 - 112.6 12' 3.51d(14.8) 39.2
7 - 145.3 2.34.d(14.8)
8 = 140.9 i - 131.6
9 - 113.6 2" 7.50 dd (8.7, 5.2) 129.3
10 - 122.3 i 7.10t (8.7) 116.0
11 4.25dd (4.5, 1.2) 54.9 4" - 164.3
13 341 m 54.7 5" 7.10t (8.7) 116.0
14 2.90, 2H, d (8.5) 24.7 6" 7.50 dd (8.7, 5.2) 129.3
15 6.44 s 120.7 7 6.68 d (15.6) 120.6
16 - 129.1 8" 7.33 d (15.6) 140.1
17 - 142.9 | 18-OH 573 s
18 - 147.5 | 6-OH 549 s
19 - 117.9 | OCH,O 6.06 d (1.4) 102.0
20 - 130.7 597d(1.4)
21 4.10d (2.8) 60.0 | 17-OCH, 3.77s 60.2
22 4.60 br d (11.3) 61.1 | 7-OCH; 3.64s 55.2
4.32 brd(11.3) 5-OCOCH; 233 s 20.4
1 - 69.6 | 12-NCH, 2155 417
3 3.68, 2H, t (6.1) 439 | 6-CHs 203 s 9.7
4 2.56, 2H, t (6.1) 28.9 | 16-CH, 2.00s 16.0
5' 6.34 s 113.8 | 2-NCO - 167.3
6' - 144.8 | 5-OCO - 168.4
7 - 144.8 | 21-CN - 118.3
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Table 27. 500 MHz 'H- and 125 MHz “C-NMR data of 2-N-(2"-naphthoyl) Et 770 in
CDCL.
No. 0, in ppm Oc in No. 0, in ppm Oc in ppm
(Jin Hz) ppm (Jin Hz)
1 4.35 br s 60.4 Y 6.54 br s 110.4
3 3.59d(5.1) 61.0 ' - 127.5
a 4.68 br s 41.9 10' - 126.9
5 - 141.2 17 - 169.8
6 - 112.6 12' 3.71 br 39.3
7 - 142.9 2.44 br d (13.2)
8 - 141.4 1" 797 brs 128.5
9 - 113.2 2" - 134.3
10 = 122.3 3" 7.53 dd (8.5, 1.4) 125.4
11 4.25dd (5.1, 1.5) 55.0 aq" 7.96-7.91 (overlapped) 127.9
13 3.47d(7.9) 54.8 3 7.96-7.91 (overlapped) 127.8
14 3.02 dd (17.4,9.3) 25.0 . 7.61-7.56 (overlapped) 127.2
291d(17.4) ' 7.61-7.56 (overlapped) 126.6
15 6.42 s 120.8 8" 7.96-7.91 (overlapped) 128.7
16 - 129.4 9" - 132.8
17 - 1455 10" - 134.1
18 - 147.5 | 18-OH 5.70s
19 - 1179 | 6'-OH 549 brs
20 - 130.3 | OCH,O 6.11d(1.4) 102.1
21 4.16 br s 59.8 6.01d(1.4)
22 4.56, 2H, br s 60.7 | 17-OCH, 3.71s 60.1
1 - 69.4 | 7-OCH; 3.67s 55.3
3 3.71 br 46.1 | 5-OCOCH; 234 s 204
3.46 m 12-NCH,4 2135 41.7
4 2.44 ddd (15.7,9.4, 6.4) 28.9 | 6-CH, 2.06s 9.8
2.34.d (15.7) 16-CH; 141 s 15.1
! 6.33 br s 113.8 | 2-NCO - 172.6
' - 144.7 | 5-OCO - 168.3
' - 144.8 | 21-CN - 118.3
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5. Cytotoxic Activity

The synthesized ecteinascidin derivatives were tested for in vitro cytotoxicity
with three representative human solid carcinoma cell lines including; human colon
carcinoma (HCT116), human lung carcinoma (QG56), and human prostate carcinoma
(DU145) using the standard MTT assay. The ICs, cytotoxic values of Et 770 derivatives

obtained were generally in nM order as shown in Tables 28 and 29.

The  18,6-O-bisallyl-2-N-acyl  Et770 intermediates (4a-4j) exhibited
dramatically decreased cytotoxicity, compared with the parent Et 770 (Table 28). The
reduction in potency of those 18,6'-O-bisallyl protected compounds may result from
the lack of hydrogen donor bonding at the 6'-OH (C-subunit) and 18-OH (B-subunit)
positions, which ultimately decreased the DNA-binding affinity (Seaman et al., 1998).
This result confirmed the previous studies that cytotoxicity of the 18,6-O-
disubstituted Et 770 derivatives also dramatically decreased (Puthongking et al.,

2006; Saktrakulkla et al., 2011).



Table 28. Cytotoxicity of 18,6'-O-bisallyl-2'-N-acyl Et 770 derivatives.
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c q R Cytotoxicity (ICs, nM)
ompounds
P HCT116 QG56 DU145
Et 770 H 0.71 1.60 1.60
—
4a ©)J\ 1.20 x 10’ 1.40 x 10’ 1.70 x 10°
o)
4b F\©)J\ 0.95 x 10° 1.50 x 10’ 1.60 x 10°
(@]
4c J@)\ 0.28 x 10° 0.75 x 10° 033 x 10°
F
o
ad )i;f‘\ 022 x 10° 071 x 10° 031 x 10°
F F
F
o)
de F3C\©)\ 1.80 x 10° 2.0 x 10° 220 x 10°
(0]
af J@)\ 1.30 x 10° 52,0 x 10° 2.0 x 10°
FaC
(0]
4g FW 0.24 x 10° 0.29 x 10° 0.41 x 10°
(@]
* QA\)\ 0.28 x 10° 0.75 x 10° 0.33 x 10°
F
(6]
. 3 3 3
4 0.29 x 10 0.51 x 10 1.40 x 10
o
4 >2.0 x 10° >2.0 x 10’ >2.0 x 10’
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After the serendipitous discovery of 2-N-indole-3-carbonyl Et 770 (5k)
displaying 4-fold more potent cytotoxicity than Et 770 (Puthongking et al., 2006), this
interesting result influenced us to continuously investigate cytotoxic activity of a
series of 2'-N-acyl Et 770 derivatives (Saktrakulkla et al., 2011). The cytotoxic data of
twenty-one 2'-N-aromatic acyl Et 770 derivatives prepared from the previous study
(Puthongking et al., 2006; Saktrakulkla et al., 2011) and this study are summarized in
Table 29. In general, cytotoxicities of almost 2'-N-aromatic acyl Et770 derivatives

were significantly more potent than Et 770.

Six compounds (5a-5f) containing a 2-N-benzoyl group with different
fluorinated substituents displayed up to 5-fold higher equipotent cytotoxicity except
the 2'-N-meta-fluorobenzoyl derivative (5b) displaying 4-fold less cytotoxicity than Et
770. The 2-N-benzoyl Et 700 itself (5n) showed similar cytotoxicity to Et 770 while
the 2-N-ortho- and 2'-N-para-substituted benzoyl derivatives (5a, 5¢, and 5f) were
more potent than the 2'-N-meta-substituted ones (5b and 5e). In contrast, it was
observed that the 2-N-meta-nitro substituted benzoyl (50) was approximately twice
as potent as 5n while the 2'-N-para-nitro substituted benzoyl (5p) exhibited similar
potency. The larger aromatic acyl group such as 2-N-naphthoyl Et 770 (5i) also
exhibited equipotent cytotoxicity to Et 770. However, the nitrogen-heterocyclic acyl
derivatives (5l and 5g-5t) exhibited 5- to 10- fold higher cytotoxicity than the
corresponding aromatic acyl derivatives (5n and 5i), respectively. Among them,
compound 5L consisting of a 6"-quinolinecarbonyl moiety which was the most potent
derivatives exhibited approximately 10- to 40-fold higher cytotoxicity than Et 770. It
exhibited very potent inhibitory activity against HCT116 and DU145 cell lines with ICs

values of 0.04 nM and QG56 cell line with with IC5, value of 0.16 nM.
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We paid our attempt to explore cytotoxicity of 2'-N-cinnamoyl Et 770 (5m),
two  2-N-(fluorocinnamoyl) (5¢-5h), and one 2-N-(p-nitrocinnamoyl) Et 770 (5u)
derivatives which were the extended carbon chain of the benzoyl 5n and structurally
more flexible than the naphthoyl 5i. All compounds displayed considerably
increased cytotoxicity compared to 5i and 5n. It is noteworthy that 2-N-(4"-
fluorocinnamoyl) Et 770 (5h) was the most potent of all prepared derivatives at
approximately 10- to 70-fold more potent than the parent Et 770 toward the three
cancer cell lines. It exhibited extremely potent activity against HCT116, QG56 and

DU145 cell lines with IC5, values of 0.01, 0.12, and 0.04 nM, respectively.

The increase in potency of the 2'-N-aromatic acyl Et 770 derivatives might be
related to the C-subunit properties. It is well known that all biologically active
ecteinascidins bind to the minor groove of DNA with preference for GC-rich triplets
and subsequently form covalent adducts with the N2 of guanine through its iminium
intermediate (Pommier et al., 1996; Moore et al., 1997; Seaman et al., 1998).
Moreover, the C-subunit protruding from the DNA backbone (Sakai et al., 1992;
Moore et al., 1997; Seaman et al., 1998) may serve as a hook for trapping different
DNA-binding  proteins  surrounding the ecteinascidins-DNA  adduct complex
(Takebayashi et al., 2001; Herrero et al., 2006; Guirouilh-Barbat et al., 2009).
Therefore, the modification at the 2'-N position of the C-subunit might affect the
trapping affinity of these compounds to these proteins, probably the xeroderma
pigmentosum G (XPG) protein, a member of the nucleotide excision repair system
(Takebayashi et al., 2001; Soares et al., 2005; Herrero et al., 2006; Guirouilh-Barbat et

al., 2009).
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On the other hand, the characteristic effects of fluorine and fluoroalkyl
substituent on the fluorinated compounds are important to its physico-chemical
properties and biological activities. In 2001, Smart described the influence of
fluorination on hydrogen-bonding, lipophilicity, and steric effects that affect
compound absorption and distribution. A part of interesting conclusion is that
aromatic fluorination always increases lipophilicity, which might be involved in the
cell transfer ability of fluorinated compounds (Smart, 2001). Therefore, the increased
cytotoxicity of the 2'-N-(acyl fluoride) Et 770 derivatives may result from its physico-

chemical property change.



Table 29. Cytotoxicity of the 2'-N-aromatic Et 770 derivatives.

HO

H;CO

CHg
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Cytotoxicity (IC5, nM)
Compounds R
HCT116 QG56 DU145
Ft 770 H 0.71 1.60 1.60
0
5k* N 0.16 0.46 0.45
N
H
F O
5a ©)J\ 0.23 0.55 0.47
0
F
5b \©)k 1.20 2.70 6.10
0
5¢ /@* 0.20 0.41 0.43
F
(0]
5d 0.28 0.93 0.53
F F
F
0
5e F3C\©)\ 0.21 0.48 0.39
(@]
5¢ Q)‘\ 0.12 051 0.39
F3C
o)
5n* ©)J\ 0.37 1.00 1.00

*data for 5k-5u are from Saktrakulkla et al., 2011.



Table 29. (continued)
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Cytotoxicity (IC5, nM)
Compounds R
HCT116 QG56 DU145
O
O,N
50* \©)K 0.14 0.43 0.73
o)
5p* /©)J\ 0.38 1.10 1.00
O,N
o)
5q* - 0.05 0.20 0.30
N~
(@]
5r* | N 0.13 0.40 0.72
N/
(6]
5i 0.64 1.20 1.50
(@]
5% (D)k 0.05 0.16 0.04
\N
(@)
5s* & 0.07 0.23 0.16
N/
(@)
5t* (jé 0.09 0.36 0.92
SN
O
5m* @A\)\ 0.05 0.33 0.24
(0]
58 F\QM 0.12 0.32 0.39
(@]
5h @A\)\ 0.01 0.12 0.04
F
(0]
5u* Q/\)J\ 0.60 2.40 0.81
O,N

*data for 5k-5u are from Saktrakulkla et al., 2011.



CHAPTER V

CONCLUSION

This investigation was aimed to isolate Et 770 from the Thai tunicate
Ecteinascidia thurstoni and to prepare the additional 2'-N-acyl Et 770 derivatives for

cytotoxicity evaluation.

In this study, the stable Et 770 was isolated from the Thai tunicate in a large
quantity (234.5 mg, 4.0 x 10"% yield of tunicate wet wt) by the KCN-pretreated

method followed by a sequence of several chromatographic techniques.

Nine 2'-N-aromatic Et 770 derivatives (5a-5i) were prepared from the obtained
Et 770 via a three-step transformation including: a) 18,6'-O-bisallyl protection, b) 2'-N-
acylation, and c) 18,6-O-bisallyl deprotection. The protection step, the reactive 18-
and 6-OHs of Et 770 were protected by using allyl bromide and K,CO; to provide
18,6'-O-bisallyl Et 770 (3) in 77.5% yield. The chemical structure of bisallyl product
was mainly determined based on HR-FABMS and NMR spectral data and comparison
of chemical shifts to the authentic compound. The appearance of the allyl-proton
signals along with the disappearance of the 18-OH and 6'-OH signals implied the

substitutions at the phenolic hydroxyls by the allyl groups.

The 18,6'-O-bisallyl-2'-N-acyl Et 770 derivatives (4a-4j) were synthesized by
treating 18,6'-O-bisallyl Et 770 (3) with the corresponding acyl acid chlorides and
DMAP in dry pyridine. The additional signals of the corresponding aromatic acyl

moiety were shown in "H- and “C-NMR spectra. In additional, the chemical structures



96

of these compounds were proved by the long-range HMBC correlations from 3'-

methylene protons to the additional acyl carbons.

The last step, bisallyl deprotection, the allyl groups were converted to the
hydroxyl groups by palladium-catalyzed hydrostannolytic cleavage with n-BusSnH in
the presence of glacial AcOH, to provide the 2'-N-acyl Et 770 derivatives (5a-5i). The
disappearance of the allyl signals along with the appearance of the 18-OH and 6'-OH
signals implied that the allyl groups were completely removed and replaced by the

phenolic hydroxyl protons.

Cytotoxicities of the synthesized compounds were evaluated on human solid
carcinoma including HCT116, QG56, and DU145. The 18,6-O-bisallyl-2'-N-acyl Et 770
derivatives (4a-4j) exhibited significantly decreasing cytotoxicity, compared with the
parent Et 770. On the other hand, most of the 2-N-aromatic compounds (5a-5i)
showed higher cytotoxicity than the parent compound. Among them, the 2'-N-(4"-
fluorocinnamoyl) Et 770 (5h) was the most potent cytotoxicity on these cancer cell
lines and shown approximately 70-fold higher cytotoxicity to HCT116 than the parent
Et 770. The potent cytotoxicity of this compound is opening the opportunity for
future candidate for the anticancer agent. Future studies are essential to understand
the molecular basis for the extraordinary cytotoxicity of the next generation

ecteinascidins as the new anticancer agent.
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Figure 29. The "H-NMR spectrum of Et 770 (300 MHz, CDCL,).
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Figure 30. The PC-NMR spectrum of Et 770 (75 MHz, CDCL,).
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Figure 31. The H-NMR spectrum of 18,6-O-bisallyl Et 770 (500 MHz, CDCL,).
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Figure 32. The ""C-NMR spectrum of 18,6-O-bisallyl Et 770 (125 MHz, CDCL,).
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Figure 33. The FAB-Mass spectrum of 18,6'-O-bisallyl Et 770.
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Figure 34. The IR spectrum (in KBr) of 18,6-O-bisallyl Et 770.
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Figure 35. The CD spectrum of 18,6'-O-bisallyl Et 770.
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Figure 36. The "H-NMR spectrum of 18,6"-O-bisallyl-2'-N-(2"-fluorobenzoyl) Et 770
(500 MHz, CDCL,).
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Figure 37. The PC-NMR spectrum of 18,6-O-bisallyl-2'-N-(2"-fluorobenzoyl) Et 770

(125 MHz, CDCLy).
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Figure 38. The FAB-Mass spectrum of 18,6'-O-bisallyl-2'-N-(2"-fluorobenzoyl) Et 770.
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Figure 39. The IR spectrum (in KBr) of 18,6"-O-bisallyl-2'-N-(2"-fluorobenzoyl) Et 770.
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Figure 40. The CD spectrum of 18,6-O-bisallyl-2"-N-(2"-fluorobenzoyl) Et 770.
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Figure 41. The "H-NMR spectrum of 18,6"-O-bisallyl-2'-N-(3"-fluorobenzoyl) Et 770

(500 MHz, CDCLy).
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Figure 42. The "C-NMR spectrum of 18,6-O-bisallyl-2-N-(3"-fluorobenzoyl) Et 770

(125 MHz, CDCLy).
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Figure 43. The FAB-Mass spectrum of 18,6'-O-bisallyl-2'-N-(3"-fluorobenzoyl) Et 770.
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Figure 44. The IR spectrum (in KBr) of 18,6"-O-bisallyl-2'-N-(3"-fluorobenzoyl) Et 770.



115

100
0
Mol. CD
400 : | L | L 1 L 1 L
200 250 300 350 400 450
Wavelength [nm]
BB 2012/10/23 17:00
AEE Tsujimoto
T74 %A 2' -N-(3-Fluorobenzoy!) DiAllyl Et 770 (MeOH) {&IE
squg 2' <N=(3=Fluorobenzoy!) DiAliyl Et 770 (MeOH)
=P
No. nm Mol. CD No. nm Mol. CD No. nm Mol. CD
i 292 -26. 2706 2 277 0. 730976 3 272 7.60485
4 267 18.0528 5 254 50. 4964 6 246 16. 5375
7 243 3.89842 8 239 -10. 4301 ] 218 -362. 998
10 207 17.7863

Figure 45. The CD spectrum of 18,6'-O-bisallyl-2'-N-(3"-fluorobenzoyl) Et 770.
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Figure 46. The "H-NMR spectrum of 18,6"-O-bisallyl-2'-N-(4"-fluorobenzoyl) Et 770

(500 MHz, CDCLy).
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Figure 47. The PCNMR spectrum of 18,6'-O-bisallyl-2'-N-(4"-fluorobenzoyl) Et 770

(125 MHz, CDCLy).
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Figure 48. The FAB-Mass spectrum of 18,6'-O-bisallyl-2'-N-(4"-fluorobenzoyl) Et 770.
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Figure 49. The IR spectrum (in KBr) of 18,6-O-bisallyl-2'-N-(4"-fluorobenzoyl) Et 770.
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Figure 50.The CD spectrum of 18,6'-O-bisallyl-2"-N-(4"-fluorobenzoyl) Et 770.
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Figure 51. The "H-NMR spectrum of 18,6'-O-bisallyl-2-N-(2",3",4"-trifluorobenzoyl) Et 770

(300 MHz, CDCL,).
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Figure 52. The "H-NMR spectrum of 18,6'-O-bisallyl-2'-N-(2",3",4"-triflucrobenzoyl) Et 770
(expansion between &,, 4.0-6.2 ppm, 300 MHz, CDCL,).
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Figure 53. The PCNMR spectrum of 18,6-O-bisallyl-2'-N-(2,3,4-trifluorobenzoyl) Et 770

(75 MHz, CDCLy).
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Figure 54. The FAB-Mass spectrum of 18,6-O-bisallyl-2'-N~(2,3,4-trifluorobenzoyl) Et 770.
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Figure 55. The IR spectrum (in KBr) of 18,6"-O-bisallyl-2'-N-(2,3,4-trifluorobenzoyl) Et 770.
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Figure 56. The CD spectrum of 18,6-O-bisallyl-2'-N-(2,3,4-trifluorobenzoyl) Et 770.
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Figure 57. The "H-NMR spectrum of 18,6'-O-bisallyl-2'-N-(3"-trifluoromethylbenzoyl) Et 770

(500 MHz, CDCL,).
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Figure 58. The PCNMR spectrum of 18,6'-O-bisallyl-2'-N-(3"-trifluoromethylbenzoyl) Et 770

(125 MHz, CDCL,).
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Figure 59. The FAB-Mass spectrum of 18,6'-O-bisallyl-2'-N-(3"-trifluoromethylbenzoyl) Et 770.
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Figure 60. The IR spectrum (in KBr) of 18,6'-O-bisallyl-2'-N-(3"-trifluoromethylbenzoyl) Et 770.
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Figure 61. The CD spectrum of 18,6'-O-bisallyl-2'-N-(3"-trifluoromethylbenzoyl) Et 770.
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Figure 62. "H-NMR spectrum of 18,6"-O-bisallyl-2'-N-(4"-trifluoromethylbenzoyl) Et 770

(500 MHz, CDCLy).
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Figure 63. The PCNMR spectrum of 18,6-O-bisallyl-2'-N-(4"-trifluoromethylbenzoyl) Et 770

(125 MHz, CDCLy).
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Figure 65. The IR spectrum (in KBr) of 18,6"-O-bisallyl-2'-N-(4"-trifluoromethylbenzoyl) Et 770.
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Figure 66. The CD spectrum of 18,6-O-bisallyl-2'-N-(4"-trifluoromethylbenzoyl) Et 770.
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Figure 67. The "H-NMR spectrum of 18,6"-O-bisallyl-2'-N-(3"-fluorocinnamoyl) Et 770

(500 MHz, CDCLy).
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Figure 68. The PCNMR spectrum of 18,6"-O-bisallyl-2'-N-(3"-fluorocinnamoyl) Et 770

(125 MHz, CDCLy).
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Figure 69. The FAB-Mass spectrum of 18,6"-O-bisallyl-2'-N-(3"-fluorocinnamoyl) Et 770.
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Mol. CD
7
_300 L 1 L 1 L 1 1 1
200 250 300 350 400 450
Wavelength [nm]

BEF 2012/06/08 12:34

MEE Tsujimoto

T7ANEA 2' -N-(3-Fluorocinnamoy|) DiAllyl Et 770 (MeOH) #&IE

HE4 2' -N-(3-Fluorocinnamoyl) DiAllyl Et 770 (MeOH)

EE 2N 2' -N-(3-Fluorocinnamoyl) DiAllyl Et 770 (MeOH)

No. nm Mol. D No. nm Mol. CD No. nm Mol. CD
1 303 11.2789 2 201 -12. 6002 3 254 22,1084
4 244 -4.16312 5 241 -7.11845 6 238 -12. 6347
7 216 -260. 556 8 207 21.2256 9 207 18.8012
10 207 27.7598 1 206 23. 6356 12 206 25. 8412
13 203 0.578141 14 203 2.28287

Figure 71. The CD spectrum of 18,6-O-bisallyl-2'-N~(3"-fluorocinnamoyl) Et 770.
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Figure 72. The "H-NMR spectrum of 18,6'-O-bisallyl-2'-N-(4"-fluorocinnamoyl) Et 770
(500 MHz, CDCl,).
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Figure 73. The PCNMR spectrum of 18,6-O-bisallyl-2'-N-(4"-fluorocinnamoyl) Et 770

(125 MHz, CDCLy).
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Figure 75. The IR spectrum (in KBr) of 18,6-O-bisallyl-2'-N-(4"-fluorocinnamoyl) Et 770.
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_300 1 | | 1 | L 1 L
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Wavelength [nm]
2012/03/08 12:20

AEE Tsujimoto

274 L% 2' -N-(4-Fluorocinnamoy|) DiAllyl Et 770 (Methanol) #BIE#

HE s 2' -N-(4-Fluorocinnamoy|) DiAllyl Et 770 (Methanol)

aXU bk 2' -N-(4-Fluorocinnamoyl) DiAllyl Et 770

No. nm Mol. CD No. nm Mol. CD No. nm Mol. CD
1 396 1. 63976 2 302 32.5784 3 290 -18.9404
4 281 -15. 9044 5 254 44. 5852 6 242 -14. 8204
7 224 -250. 373 8 224 -247.511 9 223 -254. 576
10 220 -126.678 1 220 -127.747 12 216 ~44. 5405
13 216 -49. 6743 14 215 -26. 1101 15 215 -28. 6528
16 214 -26. 9494 17 214 -44. 1248 18 213 -36. 4543
19 213 =31.587 20 211 42.8145 21 209 1.27106
22 (207 65. 3929 23 205 12.0762 24 205 19. 9091
25 204 16. 9367 26 204 18. 4269

Figure 76. The CD spectrum of 18,6'-O-bisallyl-2'-N-(4"-fluorocinnamoyl) Et 770.
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Figure 78. The "C-NMR spectrum of 18,6-O-bisallyl-2-N-(2"-naphthoyl) Et 770 (125 MHz, CDCL,).
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Spectrum Type :
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Figure 79. The FAB-Mass spectrum of 18,6'-O-bisallyl-2'-N-(2"-naphthoyl) Et 770.
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Figure 80. The IR spectrum (in KBr) of 18,6'-O-bisallyl-2-N-(2"-naphthoyl) Et 770.
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Mol. CD
8
_50 L 1 ! 1 L | ! 1 L
200 250 300 350 400 450
Wavelength [nm]

BEF 2012/12/21 19:07
MEE Tsujimoto
274NE Memor y#8 "
A 2' -N-(2-Naphtoy!) DiAllyl Et 770 (MeOH)
=P 2%
No. nm Mol. CD No. nm Mol. CD No. nm Mol. CD

1 352 0. 538099 2 304 0. 464596 3 292 -1.3510

4 274 2.84102 5 2N 2.99617 6 267 3.23721

7 256 4.81186 8 215 -44.5012 9 201 -8.18012

Figure 81. The CD spectrum of 18,6'-O-bisallyl-2'-N-(2"-naphthoyl) Et 770.
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Figure 83. The ""C-NMR spectrum of 18,6-O-bisallyl-2-N-(1"-naphthoyl) Et 770 (125 MHz, CDCL,).
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Figure 84. The FAB-Mass spectrum of 18,6"-O-bisallyl-2'-N-(1"-naphthoyl) Et 770.
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Operator : Pon
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Data mode : CD
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Figure 86. The CD spectrum of 18,6'-O-bisallyl-2'-N-(1"-naphthoyl) Et 770.
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Figure 87. The H-NMR spectrum of 2'-N-(2"-fluorobenzoyl) Et 770 (500 MHz, CDCL,).
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Figure 88. The PC-NMR spectrum of 2-N-(2"-fluorobenzoyl) Et 770 (125 MHz, CDCL,).
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Figure 89. The FAB-Mass spectrum of 2'-N-(2"-fluorobenzoyl) Et 770.
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Figure 90. The IR spectrum (in KBr) of 2'-N-(2"-fluorobenzoyl) Et 770.
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50 A I . 1 . ! \ 1 "
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Wavelength [nm]

BB 2013/01/08 19:57

MEE Nanae Mor i

T7ANE 2' -N-2- (fluorobenzoyl) Et 770 (MeOH) #&1E

BHa 2' -N-2- (fluorobenzoy|) Et 770 (MeOH)

ArV b

No. nm ~ Mol. CD No. nm Mol. CD No. nm e Mol. CD
1 351 0.548018 2 291 -5.68653 3 289 -5. 45705
4 287 -5. 63229 5 280 -3.11576 6 276 -1.9816
1 2n -1.03611 8 252 5.50483 9 216 -46.7718

Figure 91. The CD spectrum of 2'-N-(2"-fluorobenzoyl) Et 770.
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Figure 92. The "H-NMR spectrum of 2'-N-(3"-fluorobenzoyl) Et 770 (500 MHz, CDCL).
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Figure 93. The PCNMR spectrum of 2'-N-(3"-fluorobenzoyl) Et 770 (125 MHz, CDCly).
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Note : -
Inlet : Direct
Spectrum Type : Norma! Ion (MF-Linear)
RT : 3.33 min Scant : (26,28)
BP : m/z 204.1376 Int. : 1332.64
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Figure 95. The IR spectrum (in KBr) of 2'-N-(3"-fluorobenzoyl) Et 770.
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_220 i L 1 L 1 L 1 L I 1
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Wavelength [nm]

BB 2012/06/08 16:06

AEE Tsujlmto

T74ANE 2' -N-(3-F luorocinnamoy|) Et 770 (IleOﬂ) BiE

Hea 2' -N-(3-Fluorocinnamoyl) Et 770 (MeOH.

=B 2" -N-(3-Fluorocinnamoyl) Et 770 (IeOH)

No. nm Mol. CD No. nm Mol. CD No. nm Mol. CD
1 304 10. 5458 2 286 -30. 8707 3 267 -2. 4943
4 263 1. 38839 5 260 5.45037 6 252 15. 5609
7 216 -213.42 8 209 2.86649 9 209 -3.42947
10 208 1.01145 1 207 -10. 3281 12 206 29.8277
13 205 16.4117 14 205 19.0787 15 203 -5. 46007
16 202 -1.52574

Figure 96. The CD spectrum of 2'-N-(2"-fluorobenzoyl) Et 770.
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Figure 97. The "H-NMR spectrum of 2'-N-(4"-fluorobenzoyl) Et 770 (500 MHz, CDCL).

MT-75 TM/13C

rz‘oo.o 1900 180.0 1500 1400 1300 1200 1100 1000  90.0
AN AV V228 |

| FSe2hn fesg A=t 2

| 593 22 8

5 : parts per Million : C:

Figure 98. The "C-NMR spectrum of 2-N-(4"-fluorobenzoyl) Et 770 (125 MHz, CDCL).
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Figure 100. The IR spectrum (in KBr) of 2'-N-(4"-fluorobenzoyl) Et 770.
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Mol. CD
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Wavelength [nm]
BB 2012/10/23 12:21
BEE Tsujimoto
T74 Memor yit6 L
BH2 2' -N-(4-F luorobenzoyl) Et 770 (MeOH)
=B
No. Mol. No. nm __Mol. CD No. nm Mol. CD
1 333 0. 073405 2 294 -46. 301 3 287 -53. 6062
4 279 -31. 3549 5 253 63.0013 6 221 -360. 035
7 213 -48. 7865 8 213 -33. 568 9 213 -36. 7335
10 212 -33. 7536 1 212 -44. 4553 12 210 6. 24541
13 208 -2. 35588 14 206 34.3424 15 205 4.24116
16 201 -41.9907

Figure 101. The CD spectrum of 2'-N-(4"-fluorobenzoyl) Et 770.
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Figure 102. The H-NMR spectrum of 2'-N-(2",3",4"-trifluorobenzoyl) Et 770 (300 MHz, CDCL).
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Figure 103. The "C-NMR spectrum of 2-N-(2" 3" 4"-trifluorobenzoyl) Et 770 (75 MHz, CDCL,).
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Figure 104. The FAB-Mass spectrum of 2'-N-(2,3 d-trifluorobenzoyl) Et 770.
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Figure 105. The IR spectrum (in KBr) of 2'-N-(2,3,d-trifluorobenzoyl) Et 770.
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Operator : Pon
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Resolution : 1nm Response : 1sec
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Figure 106.

The CD spectrum of 2-N-(2,3,4-trifluorobenzoyl) Et 770.
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Figure 107. The "H-NMR spectrum of 2'-N-(3"-trifluoromethylbenzoyl) Et 770 (500 MHz, CDCL,).
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Figure 108. The ""C-NMR spectrum of 2-N-(3"-trifluoromethylbenzoyl) Et 770 (125 MHz, CDCL,).
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Figure 110. The IR spectrum (in KBr) of 2'-N-(3"-trifluoromethylbenzoyl) Et 770.
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Wavelength [nm]
BB 2013/02/01 12:19
AEE Tsujimoto
TZ74ANE 2' -N-(3-Trifluoromethylbenzoyl) Et 770 (MeOH) #&IE
Beg 2' -N-(3-Trifluoromethylbenzoyl) Et 770 (MeOH)
=B 2' -N-(3-Trifluoromethylbenzoyl) Et 770 (MeOH)
No. nm Mol. CD No. nm Mol. CD No. nm Mol. CD
1 294 -9. 9604 2 291 -9. 6669 3 287 -9.4262
4 281 -4. 15059 5 2719 -3. 059 6 277 -1. 86866
7 255 11.9597 8 218 -87.7787 9 202 4.93945

Figure 111. The CD spectrum of 2'-N-(3"-trifluoromethylbenzoyl) Et 770.
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Figure 112. The "H-NMR spectrum

of 2'-N-(4"-trifluoromethylbenzoyl) Et 770 (500 MHz, CDCL,).
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Figure 113. The PCNMR spectrum of 2'-N-(4"-trifluoromethylbenzoyl) Et 770 (125 MHz, CDCl,).
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Figure 114. The FAB-Mass spectrum of 2'-N-(4"-trifluoromethylbenzoyl) Et 770.
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Figure 115. The IR spectrum (in KBr) of 2'-N-(4"-trifluoromethylbenzoyl) Et 770.
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Wavelength [nm]
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BHa 2" -N-(4-Trif luoromethy Ibenzoy|) Et 770 (MeQH)
aArvhk 2" -N-(4-Tr i f luoromethyIbenzoyl) Et 770 (MeOH)
No. nm __Mol. CD No. nm Mol. CD _No. nm Mol. CD -
1 313 -0. 109553 2 295 ~7.06631 3 291 -7.71238
4 288 -7. 67955 5 284 -5. 66806 6 281 -4. 26594
1 278 -2.85524 8 255 8.43122 9 217 -66. 3496
10 202 -2.31418

Figure 116. The CD spectrum of 2'-N-(4"-trifluoromethylbenzoyl) Et 770.
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Figure 117. The "H-NMR spectrum of 2'-N-(3"-fluorocinnamoyl) Et 770 (500 MHz, CDCL,).
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Figure 118. The PCNMR spectrum of 2'-N-(3"-fluorocinnamoyl) Et 770 (125 MHz, CDCl,).
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Sample: MT-58 Re2 Fr2
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Spectrum Type : Normal Ion [MF-Linear]
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Figure 119. The FAB-Mass spectrum of 2'-N-(3"-fluorocinnamoyl) Et 770.
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Figure 120. The IR spectrum (in KBr) of 2'-N~(3"-fluorocinnamoyl) Et 770.
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Mol. CD
_220 ’ Il | L | s | 1 1 1
200 250 300 350 400 450
Wavelength [nm]

BE 2012/06/08 16:06

MEE Tsujimoto

T274INE 2' -N-(3-F luorocinnamoy!) Et 770 (MeOH) #&IE

HEa 2' -N-(3-Fluorocinnamoyl) Et 770 (MeOH)

aAATE 2" -N-(3-Fluorocinnamoy!) Et 770 (MeOH)

No. nm Mol. CD No. nm Mol. CD No. nm Mol. CD
i 304 10. 5458 2 286 -30. 8707 3 267 -2. 4943
4 263 1. 38839 5 260 5. 45037 6 252 15. 5609
1 216 -213. 42 8 209 2. 86649 9 209 -3. 42947
10 208 1.01145 11 207 -10. 3281 12 206 29. 8277
13 205 16. 4117 14 205 19.0787 15 203 -5. 46007
16 202 -1.52574

Figure 121. The CD spectrum of 2'-N-(3"-fluorocinnamoyl) Et 770.
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Figure 122. The H-NMR spectrum of 2'-N-(4"-fluorocinnamoyl) Et 770 (500 MHz, CDCls).
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Figure 123. The PCNMR spectrum of 2'-N-(4"-fluorocinnamoyl) Et 770 (125 MHz, CDCl,).
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Figure 124. The FAB-Mass spectrum of 2'-N-(4"-fluorocinnamoyl) Et 770.
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Figure 125. The IR spectrum (in KBr) of 2'-N~(4"-fluorocinnamoyl) Et 770.



No.

-
Mol. CD
. ) . !
300 350
Wavelength [nm]
BB 2012/03/08 16:24 i
s Tsujimoto
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BHe 2' -N-(4-Fluorocinnamoy|) Et 770 (Methanol)
=B 2' -N-(4-Fluorocinnamoyl) Et 770 (Methanol)
No. Mol. CD No. nm Mol. CD
1 303 4.2664 2 286 -13. 1569
4 216 -87.5135 5 204 -1.37106
7 204 -7.51892

Figure 126. The CD spectrum of 2'-N-(4"-fluorocinnamoyl) Et 770.
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Figure 127. The H-NMR spectrum of 2-N-(2"-naphthoyl) Et 770 (500 MHz, CDCl).
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Figure 128. The PCNMR spectrum of 2'-N-(2"-naphthoyl) Et 770 (125 MHz, CDCL,).
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Figure 129. The FAB-Mass spectrum of 2'-N-(2"-naphthoyl) Et 770.
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Figure 130. The IR spectrum (in KBr) of 2'-N-(2"-naphthoyl) Et 770.
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A*UE 2" -N-(2-Naphtoyl) Et 770 (MeOH)
No. nm  Mol. CD No. nm __Mol. CD No. nm - Mol. CD

1 307 0.28858 2 291 -4.48783 3 281 -1.17888

4 276 0. 149287 5 213 1. 30461 6 256 5.59019

7 242 -5.79 8 239 -9.58408 9 235 -13. 6587

10 217 -562.5303 11 202 -9.79917

Figure 131. The CD spectrum of 2'-N-(2"-naphthoyl) Et 770.
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