Ecteinascidia thurstoni

2548
ISBN 974-14-2340-3



CHEMICAL STRUCTURE MODIFICATION OF ANTICANCER
ECTEINASCIDIN ALKALOIDS FROM THE THAI TUNICATE
ECTEINASCIDIA THURSTONI

Miss Ploenthip Puthongking

A Dissertation Submitted in Partial Fulfillment of the Requirements for the Degree of
Doctor ot Philosophy Program in Pharmaceutical Chemistry and Natural Products
Faculty of Pharmaceutical Sciences
Chulalongkorn University
Academic Year 2005
ISBN 974-14-2340-3

481696



Thesis Title

By
Field of Study
Thesis Advisor

CHEMICAL STRUCTURE MODIFICATION OF
ANTICANCER ECTEINASCIDIN ALKALOIDS FROM
THE THAI TUNICATE ECTEINASCIDIA THURSTONI
Miss Ploenthip Putlrongking

Pharmaceutical Chemistry and Natural Products
Assistant Professor Chairman Patarapanich, Ph.D.

Thesis Co-advisor Khanit anborirux, Ph.D.

Accepted by the Faculty of Pharmaceutical Sciences, Chulalongkom

University in Partial Fulfillment of the Requirements for the Doctor’s Degree

.............................. Dean of Faculty of
Pharmaceutical Sciences
(Associate Professor Pompen Pramyothin, Ph.D.)

THESIS COMMITTEE

............... * 0 *Chairman
(Assistant Professor Mitr Pathipvanich, Ph.D.)

.................... e ThESIS AdViSOT
(Assistant Professor Chairman Patarapanich, Ph.D.)

S pdr—
(Khanit ~ anborirux, Ph.D.)

.A.A/.qo/c_,_f ..... x/a)/fzf“ ...... Member

Thesis Co-advisor

............................................................................... Member
(Associate Professor  nibhond Pummangura, Ph.D.)



Ecteinascidia thurstoni (CHEMICAL STRUCTURE
MODIFICATION OF ANTICANCER ECTEINASCIDIN ALKALOIDS FROM THE

THAI TUNICATE ECTEINASCIDIA THURSTONI) .

. 169 . ISBN 974-14-2340-3
743 (Et 743: 1) !
Ecteinascidia tnrbinata
i Et 770 (2) Et 786
(4) 1 E thurstoni KCN
21 diacctatc Et
743, EL 770 Et 786 (18-20) phenalic hydroxyl C-18 C-6’
4-subunit c-subunit monoacyl Et 770 (21-37)
phenolic hydroxyl C-6’ C-subunit acid anhydrides, acid chlorides
acids IV.iV-dicyclohexylcarbodiimidc (DCC) Et 770
indole-3-carboxylic acid DCC amide 39 N-2’ C-
subunit
3 HCTII6
( ) QG36 ( ) DU 145 ( ) :
cyano hydroxyl 2
ester benloyl
(2) ester 4"-nitroben/oyl (22) 4"-
methoxybenzoyl (28) (2) ester
(30-31 34-37) amide indolc-3-carbonyl
(39) (2)
IV-demethylation ABC
4-subunit cerium (IV) ammonium nitrate (CAN)
CAN 5 acetonitrile
cyanoamine amide carbonyl phenolic hydroxyl
.......... [ 17%. ,’
2548 ' e

ANNANA



# 44576965833 MAJOR PHARMACEUTICAL CHEMISTRY AND NATURAL PRODUCTS

KEYWORD: ECTEINASCIDIN 770 / ACYL DERIVATIVES / CYTOTOXICITY / ABC RING
SYSTEM
PLOENTHIP PUTHONGKING: CHEMICAL STRUCTURE MODIFICATION OF
ANTICANCER ECTEINASCIDIN ALKALOIDS FROM THE THAI TUNICATE
ECTEINASCIDIA THURSTON/: THESIS ADVISOR: ASST. PROF. CHAMNAN
PATARAPANICH, Ph.D., THESIS CO-ADVISOR: KHANIT
SUWANBORIRUX. Ph.D.. 169 pp. ISBN 974-14-2340-3

Ecteinascidin 743 (Et 743; 1), a member of the tristetrahydroisoquinoline alkaloids
previously isolated from the tunicate, Ecteinascidia turbinata, is a potent anticancer agent and is
currently undergoing in phase I/ clinical trials. Et 770 (2) and Et 786 (4), two anticancer agents
from the Thai tunicate, E thurstoni, were efficiently isolated with the KCN pretreated process. Three
diacetate esters of Ets 743, 770, and 786 (18-20) were prepared and the acetylation was reacted to the
phenolic hydroxyls at C-18 and C-6' of the ecteinascidins. Seventeen acyl esters were prepared on the
phenolic hydroxyl at C-6' of Et 770 with the corresponding acid anhydrides or acid chlorides or acids
in the presence of A./V-dicyclohexylcarbodiimide (DCC) as the coupling reagent to yield the monoacyl
derivatives (21-37).  contrast, the reaction of indole-3-carboxylic acid with Et 770 in the presence of
DCC provided the amide derivative 39. which was substituted at N-2' of the C-subunit,

The synthesized derivatives were evaluated for cytotoxicity against HCT116 (human colon
carcinoma), QG56 (human lung carcinoma), and DU 145 (human prostate carcinoma) and exhibited
excellent cytotoxic activities at nanomolar concentration. The cytotoxic data supported that the cyano
or the hydroxy groups at C-21 position are essential for the cytotoxic activity. Moreover, oxidation of
the sulfide bridge of ecteinascidins resulted in dramatically diminished activity. Most benzoyl ester
derivatives exhibited dramatically decreased cytotoxicity while 4"-nitrobenzoyl (22) and 4"-
methoxybenzoyl (28) ester derivatives as well as the A-containing heterocyclic ester derivatives (30-31
and 34-37) possessed cytotoxicity similar to the precursor (2). Interestingly, only the indole-3-carbonyl
amide derivative (39) exhibited higher cytotoxicity than the parent compound (2).

The selective A-demethylation with cerium (1V) ammonium nitrate (CAN) was worked on the
structural models containing the ABC ring system, which included the /t-subunit of Ets. The optimal
condition was achieved in 5 equimolars of CAN in the presence of ageous-acetonitrile. However, this
investigation revealed that the protection at the phenolic hydroxyl and the transformation of
cyanoamine to amide carbonyl group are the key steps for the oxidative A-demethylation using CAN
for those model compounds.
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ABBREVIATIONS

% percent
M microgram
M microliter
(iM micromolar
[ot]02 specific rotation at 25 °c and sodium D line (589 nm)
A angstrom
°c degree Celsius
‘h-nmr proton nuclear magnetic resonance
lsc-nmr carbon-13-nuclcar magnetic resonance
2DNMR two dimensional nuclear magnetic resonance
A357 malignant melanoma cell line
B16 melanoma cell line
br broad singlet
c concentration
cm centrimeter
cald calculated
d doublet (for NMR spectra)
dd doublet of doublets (for NMR spectra)
dt doublet of triplets (for NMR spectra)
DIPT Distortionless Enhancement by Polarization Transfer
DU 145 human prostrate cancer cell line
cq. equation or equivalent

! Electrospray lonization
0 gram
1 hour
HCTI 16 human colon cancer cell line
'I1.111 COSY tH-HH correlation sprectroscopy
HMBC Heteronuclear Multiple Bond Correlation
HMQC Heteronuclear Multiple Quantum Coherence
HT29 colon cancer cell line

Hz hertz



ICH0 : 50% inhibition concentration

IR infrared spectrometry
i = coupling constant (for NMR spectra)
Kg - kilogram
L) - liter
L1210 - leukemia cell line
m = multiplet (for NMR spectra)
mg = milligram
min : minute
m : milliliter
m/ = mass to charge
M = molar
M+ - molecular ion
MEL-28 = melanoma cell line
MHz = megahertz
nM = nanomolar
NMR = Nuclear Magnetic Resonance
NOE = Nuclear Overhauser Effect
ppm = part(s) per million
P388 - murine leukemia cell
PC-3 = prostrate carcinomar
q = quartet
QC56 = human carcinomar cell line
It = room temperature
= singlet (for NMR spectra)
t = triplet (for NMR spectra)

. Wt = weight
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