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CHAPTER I 

INTRODUCTION 

1. Introduction 

Rotenoid [Fig. l.la], a natural product extracted from medicinal plants in 

tropical countries, has been used by native fisherman as a poisons to sdpefy fish, e.g. 

the use of Lonchocarpus species by South American Indians [I]. Even though the 

constituents were unknown, ground root preparations from another rotenoid plant, 

Derris elliptica were used as garden insecticides in the East Indies [2], and are still 

commercially available today as "Derris Powder". Its status as a botanical insecticide 

and its high potency for control of some pests which have become resistant to some 

pyrethroids has led to continued interest [3,4]. 

One of the interesting activities of rotenoid compounds is anticancer activity. 

For example, 6-deoxyclitoriacetal from the roots of Clitoria macrophylla showed 

strong cytotoxic activity against culture P388 lymphocytic leukemia cell [ 5 ,  61. 

Rotenoids from Amorphafruticosa are found to be inhibitors of human cancer cell 

line [7-91. In Thailand, the rotenoid compound, 6-deoxyclitoriacetal [Fig. 1.1 b] , was 

isolated from the dried roots of Stemona collinsae Craib [5-61. It has been known to 

have cytotoxic activity against various types of human carcinoma such as breast 

carcinoma (BT474), lung carcinoma (CHAGO), hepato carcinoma (HEP-G2) gastric 

carcinoma (KAT03), and colon carcinoma (SW620) at ICso 0.2, 0.9, 0.1, 0.3, and 0.1 

pglml, respectively [ 101. 

Topoisomerase I1 (Top 11) is an enzyme which regulated the supercoiling of 

DNA and plays important roles in replication, translation, recombination, and 

segregation. This enzyme is the primary target of variety of many anticancer drugs 

such as epipodophyllotoxins, antrapyrozles, acridines, ellipticines, and anthracyclines. 

The anthracycline drugs such as doxorubicin (Fig. 1.1 c) and daunomycin (Fig. 1. le) 

are widely used anticancer agents. The major mechanisms of the anthracyclin 

antibiotics are noncovalent DNA interaction, formation of covalent DNA adults, free 

radical effects, and topoisomerase I1 inhibition. In cancer cells, the levels of Top I1 are 

associated with higher with rates of replication of tumor cells. These drugs interfere 



the normal functioning of the enzyme by trapping with Top 11-DNA complex which is 

then stabilized as Top 11-DNA-drug complex. They cause accumulation of Top I1 

cleavage complex by inhibition DNA relegation. However, the time of drugs in this 

complex is very important for their efficacy as anticancer agents. Thus, the 

compounds that irreversibly trap the Top 11-DNA complex are likely to have the 

greatest cytotoxic potency and perhaps more selective for cancer cells [ l l] .  In 

addition, natural compounds such as Psorospermin (Fig. 1. ld) isolated from the roots 

and stem bark of the African plant Psorospermum febrifugum, has been shown to 

intercalate into the DNA helix and to covalently modify guanine at the N-7 position in 

the major groove through an epoxide-mediated electrophilic attack [12, 131. 

\ / 

OM. 0 OH 
/O 

(d) 
0 OM' 

(r) 

Fig. 1.1 Chemical structures of (a) rotenoid structure, (b) 6-deoxyclitoriacetal 

(c) doxorubicin HC1, (d) daunomycin and (e) psorospemin 



In this research, we hope to define the cytotoxic and topoisomerase I1 

inhibitory activities of the rotenoids by synthesizing and evaluating a systematic set of 

analogues which have specific modifications based on the rotenoid core structure [Fig 

1.1 b]. We therefore wised to investigate the role of hydroxyl group at C 1 1 -OH on 

cytotoxicity by preparing a set of hydroxyl substituted core structure of 6- 

deoxyclitoriacetal based on the hypothesis that hydroxyl group at C-1 1 position in the 

D-ring may play an important role in binding with DNA and hence deform the DNA 

double strand, subsequently inhibits the proliferation of cells. 

In this research, we aim to modify the structure of 6deoxyclitoriacetal by 

using epoxidation reaction with epichlorohydrin, and then ring-opened with 

nucleophiles, morpholine and benzylamine compounds. The cytotoxic and 

topoisomerase I1 inhibitory activities were evaluated for all compounds using 

doxorubicin and etoposide as references. Furthermore, the most potent topoisomerase 

I1 inhibitor obtained from the rotenoid derivatives will subject to increase water 

solubility in order to enhance bioavailability and able to apply in pharmaceutical 

field. This can be performed by converting the free base to as acid addition salt. 

2. Objectives of this research 

To synthesis 6-deoxyclitoriacetal and its derivative 

To evaluate the cytotoxic activity of 6-deoxyclitoriacetal and its 

derivatives. 

To enhance the water solubility of the synthesized compound by 

converting to be an acid addition salt. 

To investigate the potency of 6-deoxyclitoriacetal derivatives on 

inhibiting of topoisomerase 11. 



CHAPTER I1 

BACKGROUND AND LITERATURE REVIEWS 

2. Background and literature reviews 

2.1 Cancer 

Cancer is a disease caused by unregulated proliferation of cells (Fig. 2.1). 

According to World Health Organization (WHO), it is causing 7 million deaths every 

year or 12.5% of deaths worldwide. In addition, it is the second major cause of death 

following cardiovascular deseases [15]. The total number of cases of cancer is 

predicted to increase in between 2000 and 2020 by 73% in the developing countries 

and by 27% in the developed countries [12]. In Thailand, the rate of people dying 

from cancer is still increasing every year and it is the first leading cause of death [14]. 

Fig 2.1 Cell division of normal and cancer cell 



2.2 Natural product 

Natural products play a major role in anticancer drug discovery as a unique 

source of original structure which can provide models in the future drug design. In 

addition, it has long been an important source of medicinal agents and have been used 

in many countries such as China, India and Thailand. Many anticancer drugs have 

been isolated or derived from natural sources [15]. The well-known compound is 

vinca alkaloid (vinblastin and vincristine) drug which is isolated from the Madagascar 

periwinkle, Catharanthus roseus (Linn.) [16]. Some anticancer drugs, such as 

etoposide and tenopotide are semi-synthesis derivatives of epipodophyllotoxin [17]. 

Flavonoids are natural products which have very broad bioactivities such as 

antibacterial, antimalarial and antifungal activities. Some of flavonoid compounds 

have been used as supplement medicines or vitamins for a long time. However, many 

flavonoid compounds have been reported to have antitumor activities and can inhibit 

DNA topoisomerase enzyme, for example, quercetin (Fig 2.2a) and rutin (Fig 2.2b). 

(a) Quercetin 

OH 

(b) Rutin 

Fig 2.2 The structures of flavonoid compounds (a) Quercetin and (b) Rutin 



Coumarins is also natural compound which is found in a variety of plant 

source. Coumarin has important effects in plant biochemistry and physiology as anti- 

inflamatory, antioxidant, antiallergic, antiviral, and anticarcinogenic activities [18]. 

This compound shows topoisomerases I1 inhibition [19]. 

Fig 2.3 Structure of coumarin 

As can be seen from the many successful discoveries of commercial 

anticancer drugs from natural products, this thesis focus on exploding new 

approaches for natural product discovery based on rotinoid compound. 

2.3 Stemonaceae 

Stemonacese is classified into three genera including Stemona, Croomia, and 

Stichoneuron. Stemona is the largest genus which has about 25 species. Stemona 

species have long been used in China, Japan, and Thailand for various medicinal and 

biological properties. Especially extracts from the fleshy tuberous roots are still used 

to treat respiratory disorders. In addition, S. collinsar Craib, the extract showed very 

high insect toxicity. In Thailand, it has been used as a traditional Thai medicine with a 

wide range of applications such as liver cancer, skin infections, and anti-parasitic 

agent [20-231. 

2.4 Rotenoid compound 

Rotenoid compounds are a class of plant secondary metabolites that derived 

from isoflavones. These compounds have long been used as insecticides and fish 

poison in South America and East Africa [20]. 



Fig 2.4 General structure of rotenoid 

6-Doxyclitoriacetal [Fig 1 .lb] is a rotenoid compound fiom the roots of 

Clitoria macrophyIla [4]. It has strong cytotoxic activity against culture P388 

lymphocytic leukemia cell [6]. 

In Thailand, 6-deoxyclitoriacetal was isolated from the dried roots of Stemona 

collinsae Craib. It has been known to have cytotoxic activity against various types of 

human carcinoma such as breast carcinoma (BT474), lung carcinoma (CHAGO), 

hepatocarcinoma (HEP-G2) gastric carcinoma (KAT03), and colon carcinoma 

(SW620) at ICso 0.2, 0.9, 0.1, 0.3, and 0.1 pglml, respectively [27]. 

2.5 Topoisomerase 

Topisomerases are nuclear enzymes that catalyze changes in the topological 

state of DNA by breaking and rejoining of DNA stands. Theses enzymes have 

important roles in DNA metabolism such as replication, recombination, transcription, 

and chromosome condensation. In human, DNA topoisomerase are classified into two 

types; type I and type 11. All physiological functions of DNA depend on its tertiary 

configuration. DNA is a double helix and the supercoiled DNA which require 

relaxation before replication and translation. A variety of antitumor agents currently 

used in chemotheraphy are known to inhibit DNA toposiomerase. 

DNA topoisomerase I1 is the target of various anti-tumor agents such as 

doxorubicin, amsacrine, and etoposide which stabilize the 'cleavable complex' 

between the enzyme and DNA. Eor example, psorospermin (Fig. 2.5) is a natural 

product isolated fiom the roots and stem bark of the African plant Psorospermum 

febrifugum. It can intercalate into the DNA helix and covalently bond to guanine at 

the N-7 position in the major groove through an epoxide-mediated electrophilic attack 

(12, 13). 



Fig 2.5 (a) Structures of psorospemin (b) Summary of the proposed mechanism of 

covalent modification of DNA by psorospermin to form the psorospermin (N7 

guanine)-DNA adduct. The drug molecule intercalates the DNA molecule to position 

the reactive epoxide into the major groove to perform site-directed electrophilic 

addition on N7 of guanine. 

2.6 Epoxide 

The basic structure of an epoxide contains an oxygen atom attached to two 

adjacent carbon atom of a hydrocarbon [Fig. 2.61. It is particularly useful in many 

industries. The example of the bioactivity substances bearing the epoxide are 

follows; 

Fig 2.6 Structure of epoxide 

In 2003, Gasiorowski et al. [30] prepared the modification of fluphenazine, 1 

(Scheme 2.1) in order to decrease its psychotropic effects. The derivatives were 



synthesized based on the in silico study using hydroxyethylamine, 

hydroxyethylpiperazine or morpholine as new candidates for chemopreventive drugs 

as shown in scheme 2.1. They suggested that the more hydrophilic nature of the 

analogues will effect on a lower penetration through the blood-brain barrier. 

Scheme 2.1 The synthesis route of the preparation of the fluphenazine analogues. 

In 2005, Xie et al. [31] synthesized the structure-based design'of paullone (1) 

derivatives with side chains bearing epoxide groups in order to increase the anticancer 

activity. Compounds with epoxide groups were recently reported to exhibit antitumor 

activity in nude mice bearing protrate tumor xenografts. The reactions of paullone 

derivatives are shown in scheme 2.2. 



Scheme 2.2 (i) Tributylvinyltin, 10 mol% PdC12(PPh3)2, DMF, 60°C,N2; (ii) 

H202 (35%),MeCN, K2C03,MeOH, rt. (iii) ((CH3)3s0)+ I-, NaH, DMSO, 

N2, 50°C; 



In 2006, Cordava et al. [32] reported that a series of p-amino alcohol 

analogues of sugiol were synthesized. The reaction scheme of sugiol derivatives are 

shown in Fig. 2.3. They suggested that the p-amino alcohol fragments play 

significant role in the antiproliferative activity of sugiol. 

Scheme 2.3 Reagents and conditions: (a) i. NaH, DMF, 0°C; ii. (*)-epibromohydrin, 

55"C, 20 h, 93%; (b) RIR2NH, MeOH, 70 "C, 20 h. 

In 2007, Woo et al. [40] reported that some epoxypropoxy xanthones were 

synthesized. There has been found that the epoxide ring is an important part for the 

cytotoxicity. The reaction scheme of xanthone derivatives are shown in Fig. 2.4. 

Thiosalic~lic Phloroglucinol 
acid 

Epichlorohydrin or 
Epithiochlorohydrin 

K2C03, Acetone 
Reflux I 

Scheme 2.4. Synthetic method for xanthone derivatives. 



In addition, there have been reported that the compounds having functional 

groups such as morpholine, arninomorpholine do not only enhance anticancer activity, 

but also decrease a side effect of parent compound. For example, gefitinib A [Fig. 2.71 

is a drug that is used to treat several types of cancer [33]. Doxorubicin morpholine B 

[Fig. 2.81 is also used for caner treatment, also shows good cytotoxicity than 

doxorubicin [34]. 

Fig 2.7 Structure of gefitinib A and morpholine antracycline B 

In 2008, Kurnar et al. [35]. reported that oxazolinding-5-carboxarnide 

derivatives were synthesized and evaluated for their anticancer activities. The results 

showed that molecules which can be used as a new anticancer pharmacophore should 

be the molecule having N-aryl or N-benzyl. The reaction scheme is shown in Scheme 

2.5. 



50016 TFAlDCM 
C___I_)_ 

HO \" 

0 
EDCIMOBt 0 

DCM or DMF 0 

Scheme 2.5 Synthesis of tested compounds 

Therefore, in this work, we aim to synthesize novel 6-deoxyclitoacetal 

derivatives containing an epoxy group, a morpholine group or a benzyl group to 

enhance cytotoxic activity. 



CHAPTER I11 

EXPERIMENTAL 

3. Experimental 

3.1 General 

3.1.1 Materials 

All organic solvents were reagent grade. All of the chemical reagents were 

purchased from Aldrich Chem. Co. Deionized double distilled water and analytical 

grade reagents were used throughout. All other reagents were obtained form Sigma. 

Etoposide (positive control drug for topoisomerase I1 study) and plasmid PBR 322 

DNA were purchased from Sigma. Topoisomerase I1 was purchased from Amersham 

(UK). Escherchai coli strains HB 10 1 from Botany faculty of science, Chulalongkorn 

University. Nutrient agar (NA) medium was 0.5% peptone, 0.5% NaC1, 0.3% beef 

extract, 2% agar (pH 72 0.2), Ampicilin trihydrate (TP drug). 

3.1.2 Analytical instruments 

3.1.2.1 NMR studies 

For the characterization of 6-deoxyclitoriacetal derivatives, 5 mg of 

compounds were prepared by dissolved in deuterated chloroform (CDC13). The 

solution was added to the NMR tube. 'H and 13c NMR spectra were recorded using 

Varian Mercury NMR spectrometer openated at 400 MHz for 'H and 100 MHz for 

13c nuclei (Varian Company, CA, USA). The chemical shifts were referenced to the 

signal of sodium 2,2,-dimethyl-2-silapentan-5-sulfonate (DSS) with resonance at 2iH 

0.00 and reported in parts per million (ppm) relative to the residual CHC13 peak (7.26 

ppm for 'H-NMR and 77.0 ppm for 13c-NMR. The coupling constant (J) are reported 



in Hertz (Hz) and then the 'H and 13c data were processed with the MESTREC 

software. 

3.1.2.2 Mass spectrometry 

Mass spectra were recorded on Mass spectrometer; Waters Micromass 

Quattamicro API ESCi (Water, MA, USA.). [Samples were dissolved in ethyl acetate 

and direct injected into Mass Spectrometer in 50 pL (1-14), and mass spectra of the 6- 

deoxyclitoriacetal derivatives were recorded by matrix-assisted laser desorption 

ionization mass spectrometry (MALDI-MS). 

3.2 Extraction of 6-deoxyclitoriacetal from the dried roots of Stemona 

collinsae Craib. 

3.2.1 The dried root of Stemona collinsae Craib (12 kg) was extracted from 

CH2C12. 

3.2.2 The combined CH2C12 extract were concentrated to dryness under 

reduced pressure to obtain a brown crude extract. 

3.2.3 The crude extract was isolated on silica gel column using CH2C12: 

hexane: EtOAc = 2:2:1 (vlv) as an eluent. Each fraction was analyzed 

by TLC visualize using UV light. 

3.2.4 The fraction showing similar spots were obtained from the combined 

and then concentrated to dryness. 6-deoxyclitoriracetal was obtained 

from the elution of CH2C12: hexane: EtOAc = 2:2: 1 (vlv) 

3.2.5 Re-crystallization 6-deoxyclitoriracetal with CH2C12: MeOH = 1:2 

(v/v) to obtain colorless needles (3.2 g). 

3.2.6 The structure of 6-deoxyclitoriracetal was characterized by NMR 

spectroscopic techniques [lo]. 

3.3 Synthesis of 6-deoxyclitoriacetal derivatives 

6-Deoxyclitoriacetal has been reported that showed good anticancer activity. 

In 2007, Chimsook et a1 [36] reported that the modifications of 6-deoxyclitoriacetal 



with amino acid, aromatic carboxylic acid and pyrimidine bases at C1 1-OH positions 

can enhance the anticancer activity by improving the binding ability or stabilizing 

intercalation with DNA, and the 6-deoxyclitoriacetal derivatives also showed the 

cytotoxicity better than parent compound [26]. Therefore, in this research, the 6- 

deoxyclitoriacetal is a model anticancer substance being used to study. 6- 

Deoxyclitoriacetal derivatives were synthesized to enhance cytotoxic activity and to 

study the effect of functional groups on cytotoxicity by preparing the epoxide 

derivatives and ring opening the epoxide using nucleophiles, morpholine and 

benzylarnine compounds. After that, the compound of the best cytotoxicity was 

synthesized as acid addition salts in order to increase solubility and bioavariability. 

3.3.1 Epoxidation of 6-deoxyclitoriacetal 

In order to study the effect of functional group of epoxide ring on cytotoxicity, 

the 6-deoxyclitoriacetal (1) was modified with epoxide group in present of 

dimethylfomarnide (DMF) as a solvent and anhydrous sodium hydride as a strong 

base to deprotonate at C1 1-OH positions. Each compound was refered to 2 to 3. The 

reaction scheme of the epoxidation 6-deoxyclitoriacetal is show in scheme 3.1. 



NaH, DMF ' m e  0% 

OMC 
I 0 

4, X=CI 8, X=morpholine 12, X=benzylamine 
5, X=OH 9, X=N-2-aminoethyl-morpholine 13, X=pheny lethy lamide 
6 ,  X=NH2 10, X=diethanolmide 14, X=2-amino-2-pheylethanol 

1 1, X=4-piperdohydrate hydrochloride 
7, X=OMe 

Scheme 3.1 Synthesis of 6-deoxyclitoriacetal derivatives 

Synthesis of 12a-Hydroxy-2,3,9-trimethoxy- 1 1 -0xirany1methoxy-6a, 12a-dihydro-6H- 

chromeno[3,4-blchromen-12-one (1) and 3-(4,5-Dimethoxy-2-oxiranylmethoxy- 

phenyl)-3-hydroxy-7-methoxy-2-methyl-5-oxiranylmethoxy-chroman-4-one (2) 

DMF. 8O0C 
OH 0 ' OMe ' OMe 

OMe OMe 

major minor 

6-Deoxyclitoriracetal, 1 (0.05 g, 0.13 mmol) was dissolved in aqueous DMF 

(6 ml) under nitrogen condition and added NaH (0.03 g, 1.25 mmol). The reaction 

mixture was refluxed, added epichlorohydrin (10 p1, 0.13 mmol) and stired for 6 

hours. After cooling down to room temperature, the excess of epichlorohydrin was 



successfully washed with water, brine and extracted with dichloromethane. The 

combined organic layers were dried over anhydrous sodium sulfate, after that solvent 

was evaporated to dryness. The resulting crude product was dissolved in 

dichloromethane and purified by silica gel column chromatography using CH2C12: 

Hexane: EtOAc (2:1:2) as eluent to give 2 and 3 as a yellow solid compound (40% 

yield and 10% yield) [33]. 

3.3.2 The nucleophilic ring opening of epoxide derivatives 

In order to study the effect of functional group of nucleophilic group and the 

length of side chain of necleophilic group on cytotoxicity, the 6-deoxyclitoriacetal(1) 

was modified with epoxide groups (OH, C1, NH2, and OMe). The 6-deoxyclitoriacetal 

was added with epoxide ring (2) before opening it with each nucleophiclic groups. 

Each compound was refered to 4 to 7 

The reaction scheme of nucleophilic substituented analogues is shown in 

scheme 3.2. 



MeO 

OMe 

CI 

(4) 
6-deoxyclitoriacetal(1) 

DMF, NaH Reflux, 12 h 

v heat, 30 min 

OMe 

amonia solution 

rt, 3 days 

NaOMe, MeOH - 
heat. 3 h 

Scheme 3.2 Synthesis of 6deoxyclitoriacetal-neclitophilic analogues 



3.3.2.1 Synthesis of 1 1 -(3-Chloyo-2-hydroxy-propoxy)- 12a-hydroxy- 

2,3,9-trimethoxy-6a, 12a-dihydro-6H-chromeno[3,4-blchromen- 12-one (4) 

OMe 

1 M-HC1 - 
rt, 30 min 

I 
OMe 

To the reaction mixture of 2 ( 20 mg, 0.046 mmol) in 3 ml of aqueous 

ethyl acetate was added 1M-HC1 (3 ml) and this solution was stirred for 30 min at 

room temperature. The solvent was removed under reduced pressure and the residue 

was washed with water, organic layer was extracted with dichloromethane and dried 

over MgS04. Solvent was removed under reduced pressure and the crude product was 

purified by silica gel column chromatography with dichloromethane: ethyl acetate: 

dichloromethane (2:1:2, vlv) as elutent to give 4 as yellow solid compound (70% 

yield). 

3.3.2.2 Synthesis of 1 1 -(2,3-Dihydroxy-propoxy)- 12a-hydroxy-2,3,9- 

trimethoxy-6a, 12a-dihydro-6H-chromeno[3,4-blchromen- 12-one (5) 

*yq$ 
O i 2  

\ OMc 

OMc 

NaOH, EtOH - 
heat, 30 min 



To the reaction mixture of 2 (20 mg, 0.045 mmol) in 3 ml of ethanol 

was added 1M NaOH. The mixture was refluxed at 80 O C  and stirred for 30 min. The 

solvent was removed under reduced pressure and the residue was washed with water 

and organic layer was extracted with dichlorornethane and dried over MgS04. Solvent 

was removed under reduced pressure and the crude product was purified by silica gel 

column chromatography with dichloromethane: ethyl acetate: dichloromethane (2: 1 :2, 

VIV) as eluent to give 5 as yellow solid compound (63% yield). 

3.3.2.3 Synthesis of 1 1 -(3-Amino-2-hydroxy-propoxy)- 12a-hydroxy- 

2,3,9-trimethoxyda, 12a-dihydro-6H-chromeno[3,4-b]chromen-l2-one (6) 

amonia solution ""'IT- 
rt, 3 days I n 

The reaction mixture of 2 (20 mg, 0.045 mmol) in 3 ml of ammonia 

solution was stirred at room temperate for 3 days. The solvent was removed under 

reduced pressure and the residue was washed with water, organic layer was extracted 

with dichloromethane and dried over MgS04. Solvent was removed under reduced 

pressure and the crude product was purified by silica gel column chromatography 

with dichloromethane: ethyl acetate: dichlorornethane (2: 1:2, vlv) as elutent to give 6 

as yellow solid compound (45% yield). 



3.3.2.4 Synthesis of 12a-Hydroxy- 1 1 -(2-hydroxy-3-methoxy- 

propoxy)-2,3,9-trimethoxy-6a, 12a-dihydro-6H-chromeno[3,4-b]chromen-12-one (7) 

M e 0  

NaOMeIMeOH - 
heat, 3 h 

To the reaction mixture of 2 (20 mg, 0.045 mmol) in 3 ml of 

NaOMeIMeOH was refluxed and stirred for 3 h at 80 OC. The solvent was removed 

under reduced pressure and the residue was washed with water and organic layer was 

extracted with dichloromethane and dried over MgS04. Solvent was removed under 

reduced pressure and the crude product was purified by silica gel column 

chromatography with dichloromethane: ethyl acetate: dichloromethane (2: 1 :2, vlv) as 

elutent to give 7 as yellow solid compound (78% yield). 

3.3.3 Preparation of 6-deoxyclitoriacetal-morpholine analogues 

In order to study the effect of functional group of morpholine compound and 

the length of side chain of morpholine group on cytotoxicity, four morpholine 

analogues were chosen to synthesize with 6-doxyclitoriacetal namely morpholine, N- 

2-aminoethyl-morpholine, diethanolmide, and piperidine. The 6-deoxyclitoriacetal 

was added with epoxide ring (2) before opening it with each morpholine analogues. 

Each compound was refered to 8 to 11 

The reaction scheme of 6-deoxyclitoriacetal-morpholine analogues is show in 

scheme 3 [30]. 



6-deoxyclitoriacetal(1) 

EtOH, Reflux, IS h 

OMc 

'(2) 
HO 

L 

EtOH, Reflux, 15 h 

Scheme 3.3 Synthesis of 6-deoxyclitoriacetal-morpholine analogues 



3.3.3.1 Synthesis of 12a-Hydroxy- 1 1 -(2-hydroxy-3-morpholin-4-yl- 

propoxy)-2, 3, 9- trimethoxy-6a, 12a-dihydro-6H-chromeno[3,4-blchromen- 12-one 

(8) 

M e 0  

EtOH 

reflux, 15 h 
OH ' OM. 

OM. 

OM8 

(2) Morpholine 

To a solution of epoxide 2 (20 mg, 0.045 mmol) in 5 ml of Ethanol 

was added the morpholine (0.2 ml, 0.225 mmol). The reaction mixture was refluxed 

for 15 hours and then allowed to cool down to room temperature. The solvent was 

removed under pressure and the residue was washed with water and extracted organic 

layer with dichloromethane and dried over MgS04. Solvent was removed under 

reduced pressure and the crude product was purified by silica gel column 

chromatography with dichloromethane: ethyl acetate: dichloromethane (2: 1 :2, vlv) as 

elutent to give 8 as yellow solid compound (86% yield). 



3.3.3.2 Synthesis of 12a-Hydroxy- 1 1 -[2-hydroxy-3-(2-morpholin-4- 

yl-ethy1amino)-propoxy] -2, 3, 9-trimethoxy-6a, 12a-dihydro-6H-chromeno [3, 4- 

blchromen- 12-one (9) 

M e 0  

P 

reflux, 15 h 
OM. 

I \P" OM* 

To a solution of epoxide 2 (20 mg, 0.045mmol) in 5 ml of Ethanol was 

added the N-2-aminoethyl-morpholine (0.01 ml, 0.09 mmol). The reaction mixture 

was refluxed for 15 hour and then allowed to cool down to room temperature The 

reaction mixture was refluxed for 15 hours and then allowed to cool down to room 

temperature. The solvent was removed under pressure and the residue was washed 

with water and extracted organic layer with dichloromethane and dried over MgS04. 

Solvent was removed under reduced pressure and the crude product was purified by 
I 

silica gel column chromatography with dichloromethane: ethyl acetate: 

dichloromethane (2:1:2, v/v) as elutent to give 9 as yellow solid compound (94% 

yield). 



3.3.3.3 Synthesis of 12a-Hydroxy- 1 1 -[2-hydroxy-3-(2-hydroxy- 1 - 
hydroxymethyl-ethy1amino)-propoxy] -2,3,9-trimethoxy-6a, 12a-dihydro-6H- 

chromeno [3,4-blchromen- 12-one (10) 

M e 0  

EtOH 
H o w l q o H  - 

reflux, IS h 

d ' ow 

O M  

(2) Diethanolmide (10) 

To a solution of epoxide 2 (20 mg, 0.045 mmol) in 5 Ethanol was 

added the diethanolmide (0.2 ml, 10.4 mmol). The reaction mixture was refluxed for 

15 hour and then allowed to cool down to room temperature. The reaction mixture 

was refluxed for 15 hours and then allowed to cool down to room temperature. The 

solvent was removed under pressure and the residue was washed with water and 

extracted organic layer with dichloromethane and dried over MgS04. Solvent was 

removed under reduced pressure and the crude product was purified by silica gel 

column chromatography with dichloromethane: ethyl acetate: dichloromethane (2: 1 :2, 

V/V) as elutent to give 10 as yellow solid compound (91% yield). 

3.3.3.4 Synthesis of 1 -[2-Hydroxy-3-(12a-hydroxy-2,3,9-trimethoxy- 

12-0x0-6,6a, 12,12a-tetrahydro-chromeno[3,4-blchromen- 1 1 -yloxy)-propyll-piperidin- 

4-one (11) 

EtOH 
().HCl - 

reflux, 15 h 
0  

O M  

(2) 4-Piperidon hydrate hydrochlouide (1 1) 



To a solution of epoxide 2 (20 mg, 0.045 mmol) in 5 ml of ethyl 

acetate was added the 4-piperidon hydrate hydrochloride (0.015 ml, 0.09 mmol). The 

reaction mixture was refluxed for 15 hours and then allowed to cool down to room 

temperature. The reaction mixture was refluxed for 15 hour and then allowed to cool 

down to room temperature. The solvent was removed under pressure and the residue 

was washed with water and extracted organic layer with dichloromethane and dried 

over MgS04. Solvent was removed under reduced pressure and the crude product was 

purified by silica gel column chromatography with dichloromethane: ethyl acetate: 

dichloromethane (2:1:2, vlv) as elutent to give 11 as yellow solid compound (68% 

yield). 

3.3.4 Preparation of 6-deoxyclitoriacetal-aromatic ring analogues 

In order to study the effect of functional group of aromatic ring and the length 

of side chain of aromatic ring on cytotoxicity, three aromatic ring analogues were 

chosen to synthesize with 6-doxyclitoriacetal namely benzylamind, 2- 

phenylethylamine, and (R)-(-)-2-amino-2-phenylethanol. The 6-deoxyclitoriacetal was 

added with epoxide ring (2) before opening it with each aromatic ring analogues. 

Each compound was refered to 12 to 14. 

The reaction scheme of 6-deoxyclitoriacetal-aromatic analogues is shown in 

scheme 3.4 [35]. 



OMe 

EtOH, Reflux, 6 h r 
h 

EtOH, Reflux, 6 h 

EtOH, Reflux, 12 h I 

)-"" we NH 
I 

Scheme 3.4 Synthesis of 6-deoxyclitoriacetal-aromatic analogues 



3.3.4.1 Synthesis of 1 1 -(3-Benzylamino-2-hydroxy-propoxy)- 12a- 

hydroxy-2,3,9-trimethoxy-6a, 12a-dihydro-6H-chromeno[3,4-blchromen- 12-one (12) 

M e 0  

N H  EtOH - 
reflux, 6 h 

OM0 

NH 
I 

Benzylamind 

To a solution of epoxide 2 (20 mg, 0.045 mmol) in 5 ml of Ethanol 

was added benzylamind 0.03 g, 0.140 mmol). The reaction mixture was refixxed for 6 

hours and then allowed to cool down to room temperature. The solvent was removed 

under pressure and the residue was washed with water and extracted organic layer 

with dichloromethane and dried over MgS04. Solvent was removed under reduced 

pressure and the crude product was purified by silica gel column with 

dichloromethane: ethyl acetate: dichloromethane (2: 1 :2, vlv) as elutent to give 12 as 

yellow solid compound (83% yield). 

3.3.4.2 Synthesis of 12a-Hydroxy- 1 1 -(2-hydroxy-3-phenethylamino- 

propoxy)-2,3,9-trimethoxy-6% 12a-dihydro-6H-chromeno[3,4-b]chromen- 12-one (13) 

reflux, 6 h 



To a solution of epoxide 2 20 mg, 0.045 mmol) in 5 ml of MeOH was 

added the 2-phenylethylamine (0.01 ml, 0.09 mmol). The reaction mixture was 

refluxed for 6 hour and then allowed to cool down to room temperature. The solvent 

was removed under pressure and the residue was washed with water and extracted 

organic layer with dichloromethane and dried over MgS04. Solvent was removed 

under reduced pressure and the crude product was purified by silica gel column with 

dichlorornethane: ethyl acetate: dichlorornethane (2: 1 :2, vlv) as elutent to give 13 as 

yellow solid compound (69% yield). 

3.3.4.3 Synthesis of 12a-Hydroxy- 1 1 -[2-hydroxy-3-(2-hydroxy-2- 

phenyl-ethy1amino)-propoxy] -2,3,9-trimethoxy-6a, l2a-dihydro-6H-chromeno[3,4- 

blchromen- 12-one (14) 

- 
reflux, 12 h 

OH 

(2) (R)-(-)-2-Amino-2-phenylethanol (14) 

To a solution of epoxide 2 (20 mg, 0.045 mmol) in 5 ml of ethyl 

acetate was added the (R)-(-)-2-amino-2-phenylethanol (0.03 g, 0.140 mmol). The 

reaction mixture was refluxed for 12 hours and then allowed to cool down to room 

temperature. The solvent was removed under pressure and the residue was washed 

with water and extracted organic layer with dichlorornethane and dried over MgS04. 

Solvent was removed under reduced pressure and the crude product was purified by 

silica gel column chromatography with dichloromethane: ethyl acetate: 

dichlorornethane (2:1:2, vlv) as eluent to give 14 as yellow solid compound (78% 

yield). 



dichloromethane (2:1:2, vlv) as eluent to give 14 as yellow solid compound (78% 

yield). 

3.4 Acid addition salt 

M e 0  Me0 

1 rnl conc. HCI, RT 

(8) 
(15) 

0.5 g of 8 (0.97 mmol) was added with conc.HC1 (1 ml), after that the solvent 

was epvaporated to dryness. The crude was subjected to test solubility, O.lg of 15 

(solid substance must be pulverized) in a glass-stopped 10 ml graduated cylinder, 

increasing volumes of distilled water at room temperature are added according to the 

step shown in the Table 3.1. After each addition of the indicated amount of water, the 

mixture is strirr vigorously for 30 minutes and is visually checked for dissolved 

completely of the sample [36]. The product was tested cytotoxicity and topoisomerase 

I1 assay. 

3.5 Topoisomerase I1 inhibition 

3.5.1 Preparation of pBR322 plasmid DNA 

Strain of E. coli HI3 101 was routinely grown at 37 "C for 18 h in LB medium 

containing 100 pglml of ampiciline for isolation of single colony of E. coli. plsmid 

DNA isolation from bacteria cells. Cell from overnight growth in fresh LB medium at 

37°C to exponential phase (A6()() = 0.4-0.6) was taken in an Eppendorf kit and 

centrifuged for 2 min. Cell lysis was achieved by adding 400 p1 of lysis buffer. 



The suspension was kept on ice for 5 min. The lysate was centrifuged at 13,000 rpm 

for 2 min to pellet the cell DNA and other bacterial debris. Plasmid DNA was washed 

with 400 p1 of wash buffer and centrifuged at 13,000 rpm for 2 min , the pellet was 

dried briefly by centrifuging for 2 min in an Eppendorf centrifuge and finally 

dissolved in 10 p1 of dH20. Plasmid DNA was visualized in 1% agarose gel 

electrophoresis [25]. 

3.5.2 Topoisomerase I1 assay 

Topoisomerase I1 is an important nuclear enzyme controlling DNA topology 

through catalysis of a breakage of double-stranded DNA, allowing for the passage of 

double-stranded DNA followed by a resealing of the DNA. Relaxation of DNA 

supercoils by topoisomerase I1 is considered crucial to its role in DNA replication and 

in transcription. To further elucidate the mechanism of action of 6-deoxyclitoriacetal, 

stemonal and 6-deoxyclitoriacetal analogues for cytotoxicity, the relaxation of 

supercoiled plasmid pBR322 DNA was evaluated. Topoisomerase I1 relaxation assay 

was conducted using human topoisomerase I1 (Amersham). Etoposide are selective 

topoisomerase I1 inhibitors was used as positive control. 

Rotenoid compounds were screened for the topoisomerase I1 inhibition 

function. The activity of the compounds on the relaxation of DNA topoisomerase IIa 

was determined by measuring the conversion of supercoiled PBR 322 plasmid DNA 

to its relaxed form. Topoisomerase I1 relaxation assay was conducted by using human 

topoisomerase I1 with etoposide as a positive control. 

Rotenoid compounds and etoposide were prepared as stock solutions (10, 25 

mM, respectively) in DMSO and stored at -20 OC: The reaction mixture contained 10 

mM Tris-HC1 (pH 7.9), 175 mM KC1, 0.1 mM EDTA, 5 mM MgC12, 2.5 % glycerol, 

1 mM ATP, 0.5 mM dithiothreitol, 30 pg1mL bovine serum albumin, 0.2 pg pBR322 

plasmid DNA, 0.3 U DNA topoisomerase IIa, and test compounds in a final volume 

of 50 pL. The reactions were incubated for 30 min at 37 OC and terminated by the 

addition of 3 pL of solution containing 0.77 % sodium dodecyl sulfate, and 77 mM 

EDTA. Samples were mixed with 2 pL of solution containing 30 % sucrose, 0.5 % 

bromophenol blue and 0.5 % xylene cyanol, and subjectded to electrophoresis on a 

1 % agarose gel at 1.5 Vlcm for 10 h with a running buffer of Tris-borate-EDTA. 



Gels were stained for 30 min in an aqueous solution of ethidium bromide (0.5 

pg/mL). DNA bands were visualized by transillumination with UV light and 

quantities by an image analyzer and Syngene software [40]. 



CHAPTER IV 

RESULTS AND DISCUSSION 

4. Results and discussion 

4.1 Extraction of 6-deoxyclitoriacetal from the dried roots of Stemona 

collinsae Craib. 

6-deoxyclitoriacetal(1) was obtained as colorless needles. Its melting point is 

131-132 "C, 'H NMR (400 MHz, DMSO-d6): 6 3.57 (s, 3H), 3.70 (s, 3H) 3.74 (s, 

3H), 4.33 (dd, J1 = 12.3, J2 = 1.6 HZ, lH), 4.47 (dd, JI = 12.3 Hz, J2 =2.3 Hz, lH), 

4.67 (d, J =  2.3 Hz, lH), 6.01 (d, J =  2.3 Hz, lH), 6.06 (d, J= 2.3 Hz, lH), 6.68 (s, 

lH), 6.71 (s, lH), 11.95 (s, 1H); 13c NMR (100 MHz, CDC13): 6 55.8, 55.9, 56.3, 

63.6, 66.9, 75.5, 94.5, 95.6, 100.1, 101.1, 108.2, 109.2, 143.9, 148.3, 151.3, 161.6, 

164.3, 169.0, 195.0 and MS (mlz) calcd for Cl9Hl9O8 (M+H+) 375.12. The data are in 

agreement with those reported in the literatures [8-101. The structure composed of 

four fused ring A, By C and D, which is a characteristic of rotenoid. The molecule has 

a bent-shaped conformation at C6a to C12a [Fig. 4.11. 

 OM^ 

Fig 4.1 Chemical structure of 6-deoxyclitoriacetal 



4.2 Synthesis of 6-deoxyclitoriacetal analogues 

6-Deoxyclitoriacetal is a model anticancer substance being used for this 

reseach, the results of cytotoxicity against three cancer cell lines, KB (Human mouth 

carcinoma), MCF7 (Breast cancer) and NCL-H187 (Human small lung cancer) cell 

lines. It was found that 6-deoxyclitoriacetal showed the ICso value of 0.08, 0.26 and 

0.04 pg/mI when compared with the ICS0 value of positive control, doxorubicin, with 

0.33, 0.82 and 0.04 pglml in KB (Human mouth carcinoma), MCF7 (Breast cancer) 

and NCL-H187 (Human small lung cancer) cell lines, respectively [9]. 

As a knowledge of the intercalation and topoisomerase I1 inhibition 

mechanism of doxorubicin to inhibit the cytotoxic activity, this compound is 

composed of a planar aromatic moiety and a six-member daunosamine sugar moiety, 

forming a bent-shape molecule. The planar aromatic moiety can intercalate between 

two base' pairs of DNA, while daunosamine sugar moiety can increase binding 

activity with base pairs of DNA at the intercalating sit by hydrogen bonding. 

Intercalation is also essential for ability of doxorubicin to trap topoisomerase I1 

intermediates. We propose that not only the planar aromatic molecule is the important 

factor in the intercalation process, but also the functional group (sugar ring) can help 

to stabilize the top0 11-DNA-drug complex via the intermolecular interaction such as 

hydrogen bonding, n-n interaction. Therefore, the derivatives of 6-deoxyclitoriacetal 

were synthesis to study the abovementioned factors, and then study the structure- 

relationship by testing for their cytotoxicities with various cell lines, furthermore, 

study the ability to inhibit the Topoisomerase 11. The preferred functional groups are 

the flexible functional groups with strongly hydrogen bonding to the base pairs of 

DNA and help stabilization of the substance-DNA intercalation 

The chemical structure of 6-deoxyclitoriacetal was modified at C 1 1-OH 

position to increase flexibility and then enhance its anticancer activity. The reaction is 

shown in Scheme 4.1. Firstly, 6-deoxyclitoriacetal (1) is converted to an epoxide 

derivative by in reacting with epichlorohydrin (2), then the epoxide derivative was 

ring opened by nucleophiles, morpholine and benzylamine compounds. The method 

use of epichlorohydrin as starting material was investigated. 



8, X=morpholine 12, X=benzylamine 
9, X=N-2-minoethyl-morpholine 13, X=phenylethylamide 

10, X=diethanolmide 14, X=2-amino-2-pheylethanol 
11, X=4-piperdohydrate hydrochloride 

Scheme 4.1 Synthesis of 6-deoxyclitoriacetal derivatives 

The 6-deoxyclitoriacetal derivatives were screened for their in vitro 

cytotoxicity on tumor cell lines using doxorubicin HC1 as positive control. The ICso 

values were determined in micro molar (pM) concentrations. The human tumor cell 

lines used in the screening were human breast (MCF-7), oral (KB), and small cell 

lung (NCI-H187) cancer cell lines. The cytotoxic activity data is summarized in Table 

4.1. The compounds having ICso < 10, 10-20 and > 20 pM have been designated as 

high, moderate and low cytotoxic derivatives, respectively. 

. Epoxide ring plays an important role in organic synthesis. Many anticancer 

substances compose of an epoxide ring as a part of molecules such as psorospermin 

and mitomycin [12, 131. Therefore, in this work the structure of 6-deoxyclitoriacetal 

(1) was modified by epoxidation with epichlorohydrin. Compound 2 is a major 

product of the epoxidation reaction. The reaction scheme is shown in Scheme 4.2. The 



details of the spectroscopy characterization including 'H NMR, 13c NMR and LC-ESI 

mass spectroscopy for all compounds were given in Table 4.1 

DMF, 80 OC 
OH 

OMe OMc 

6deoxyclitoriacet.l (1) (2) (3) 

major minor 

Scheme 4.2 Synthesis pathway for 2 and 3 



Table 4.1 Characterization of (2) 

Compound Name Structure MW. 'H NMR I3c NMR 

2 12a-Hydroxy-2,3,9- II 6 C22H22O9= 3.67 (s, 3H, OMe-2), 3.68 44.6 (C3'), 
trimethyl- 1 1 - 429.0 (s, 3H, OMe-9), 3.73 (s, 49.9 (C-2'), 
oxiranylmethoxy- [M+N~]+= 3H, OMe-3), 4.38 (dd, J =  55.6 (OMe-9), 
6a, l2a-dihydro-6H- 452.6 12.0, 12.0 Hz, lH, H-6), 55.8 (OMe-3), 
chromeno [3,4- 4.46 (d, J =  2.3 Hz, lH, 56.4 (OMe-2), 
blchromen-12-one H-6a), 4.5 1 (dd, J =  12.0, 63.8 (C-6), 

12.0 Hz, lH, H-6), 5.96 67.1 (C- 12a), 
(d, J =  1.8 Hz, lH, H-8), 75.7 (C-6a), 

3' 6.40 (d, J = 1.7 Hz, 1 H, 75.7 (C-1') 
H-lo), 6.44 (s, 1 H, H-4), 94.0 (C-8), 
6.46 (s, lH, H-l), 2.96 94.5 (C-lo), 
(dd, J =  2.5,5.0 Hz, lH, 101 .O (C-4), 
C3'-Ha), 3.02 (dd, J =  5.0, 102.2 (c- 1 a), 
5.0 Hz, lH, C3'-Hb), 109.4 (C-l), 
3.32-3.35 (m, lH, C-2'H), 142.1 (C-2), 
3.95 (dd, J =  11.3 148.2 (C-4a), 
11.3, 11.3 Hz, lH, C1'- 15 1 .O (C-3), 
Ha), 4.04 (dd, J =  4.7, 161.4 (C-7a), 
11.3 Hz, lH, C1'-Hb) 164.2 (C- 1 l), 

168.8 (C-9), 
195.0 (C-12) 



Table 4.1 (continue) Characterization of (3) 

Name Structure MW. 'H NMR 13c NMR Compound 

8 6 4' C2SH28010= 2.65 (s, 2H, H-6'), 2.67 (s, 14.5 (C-6) 
469.1 5 2H, H-3'), 2.87 (s, 2H, H- 44.6 (C-3'), 

[M+N~]+ = 2'),2.95 (s, 2H, H-57, 44.8 (C-6'), 
492.1 5 3.68 (s, 3H7 OMe-3), 4.69 49.9 (c-2'1, 

(s, 3H, OMe-9), 3.75 (s, 50.0 (C-5') 
3H, OMe-2), 3.80-4.00 55.6 (OMe-9), 
(m, 3H, H-4'),4.10-4.20 55.8 (OMe-3), 
(m, 2H, H-1'), 4.5 1 ( d, 56.4 (OMe-2), 
J=12 Hz, 3H, H-6), 4.58 67.1 (C-12a), 
(dd , J= 8.4, 8.4 Hz, H- 75.7 (C-6a), 
6a), 6.17 (s, lH, H-8), 75.7 (C-1'), 
6.27 (s, lH, H-lo), 6.37 76.0 (C-4), 
(s, lH, H-4), 6.46 (s, lH, 94.0 (C-8)' 
H-1) 94.5 (C-lo), 

101 .o (C-4), 
102.2 (C-la), 
109.4 (C-1), 
142.1 (C-2), 
148.2 (C-4a), 
15 1 .O (C-3), 
16 1.4 (C-7a), 
164.2 (C-1 I), 
168.8 (C-9), 
195.0 (C-12) W 

00 



4.2.2 6-Doxyclitoriacetal- nucleophilic derivatives 

In general, the target for several anticancer agents is deoxyribonucleic acid 

(DNA), especially involving in inhibit replication and transcription. It composed of 

nucleotide base as a part of molecule including pyrimidine and purine base. 

Therefore, in this research to study propability of good leving group by in stead of 

unstable epoxide group on cytotoxicity activities [33] the structure (1) was modified 

with certain nucleophilic analogues to study the effect of functional groups (Cl, OH, 

NH2, and OMe) on the cytotoxic activities. The epoxide derivative (2) was ring 

opened by nucleophiles; namely, HC1, NaOH, NH3 and NaOCH3. The reaction 

scheme is shown in Scheme 4.3. The details of the spectroscopy characterization 

including 'H NMR, 13c NMR and LC-ESI mass spectroscopy for all compounds were 

given in Table 4.1 

Scheme 4.3 Synthesis pathway for 4 to 7; (a) lm-HC1, EtOAc, 30 min, (4), NaOH, 

EtOH, heat, 30 min (5),  (b); ammonia solution, 3 day (6), NaOMeMeOH, heat, 3 h 

(7) 



Table 4.1 (continue) Characterization of (4) 

Compound Name Structure MW. 'H NMR 13c NMR 

4 1 1 -(3-Chloro-2- 8 CZ2Hz3C1O9= 6.42 (s, lH, H-1), 6.46 (s, 44.6 (C3'), 6 

hydroxy-propoxy)- 448.61 lH, HA), 6.02 (2,2H, H- 49.9 (C-27, 
12a-hydroxy-2,3,9- 10, 8), 4.68 (s, lH, H-37, 55.6 (OMe-9), 
trimethoxy-6% l2a- 4.56(dd,J=12.0,12.0H~, 55.8(OMe-3), 
dihydro-6H- 2H, H-6), 4.45 (d, J= 12 56.4 (OMe-2), 
chromeno[3,4- Hz, lH, H-6a), 4.08-4.30 63.8 (C-6), 
b] chromen- 1 2-one (dd, J= 14.4, 14.4 Hz, lH, 67.1 (C-12a), 

H-2'),3.80 (s, 3H, OMe-21, 75.7 (C-6a), 
3.76 (s, 3H, OMe-9), 3.71 94.0 (C-8), 
(s, 3H, OMe-3) 94.5 (C-lo), 

10 1 .o (C-4), 
102.2 (C- 1 a), 
109.4 (C-1), 
142.1 (C-2), 
148.2 (C-4a), 
15 1 .o (C-3), 
161.4 (C-7a), 
164.2 (C-1 1), 
168.8 (C-9), 
75.7 (C-1'), 
195.0 (C-12) 



Table 4.1 (continue) Characterization of (5) 

Compound Name Structure MW. 'H NMR I3c NMR 

5 1 1 -(2,3-Dihydroxy- C22H24O10= 3.71 (s, 3H, OMe-3), 3.76 44.6 (C3'), 
propoxy)- l2a- 448.17 (s, 3H, OMe-9), 3.80 (s, 49.9 (C-27, 
hydroxy-2,3,9- [M+N~]+= 3H, OMe-2), 3.8 1-3.85 55.6 (OMe-9), 
trimethoxy-6% l2a- 488.56 (dd, J= 6.0,6.0 Hz, lH, 55.8 (OMe-3), 
dihydro-6H- H-4'), 4.12-4.18 (m, lH, 56.4 (OMe-2), 
chromeno[3,4- H-2'),4.21-4.24 (m, 2H, 63.8 (C-6), 
blchromen- 12-one H-1 '), 4.45 (d, J= 12 Hz, 67.1 (C-12a), 

1 H, H-6a), 4.56 (dd, J= 75.7 (C-6a), 
12.0, 12.0 HZ, 2H, H-6), 75.7 (C-1'), 
6-05 (s, 1H, H-8h4.74 (s, 94.0 (C-8), 
1 H, H-5'),6.06 (s, 2H, H- 94.5 (c- 1 o), 
1 O), 6.47 (s, 1 H, H-4), 101 .O (C-4), 
6.48 (s, lH, H-1) 102.2 (C- 1 a), 

109.4 (C- 1), 
142.1 (C-2), 
148.2 (C-4a), 
15 1 .O (C-3), 
16 1.4 (C-7a), 
164.2 (C-1 1), 
168.8 (C-9), 
195.0 (C-12) 

P 
+ 



Table 4.1 (continue) Characterization of (6) 

Compound Name Structure MW. 'H NMR 13c NMR 

6 1 1 -(3-Amino-2- Me0 C22H25N09= 2.85-3.0 1 (m, 2H, H-5'), 44.6 (C3'), 
hydroxy-propoxy)- 447.1 3.62 (s, 3H, OMe-3), 3.68 49.9 (C-27, 
12a-hydroxy-2,3,9- [M+N~]+= (s, 3H, OMe-9), 3.71 55.6 (OMe-9), 
trimethoxy-6a, 12a- 489.1 (OMe-2), 4.35-4.25 (m, 55.8 (OMe-3), 
dihydro-6H- lH, H-2'),4.34-4.39 (m, 56.4 (OMe-2), 
chromeno[3,4- 2H, H-1'), 4.46 (d, J= 12 63.8 (C-6), 
blchromen- 12-one Hz, 1 H, H-6a), 4.5 1 (dd, 67.1 (C-12a), 

J=12.0,7.2Hz,2H,H-6), 75.7(~-1'1, 
5-59 (s,  2H, H-10, 8), 6.39 75.7 (C-6a), 
(s, lH, H-4), 6.40 (s, lH, 94.0 (C-8), 
H-1) 94.5 (C-lo), 

101 .o (C-4), 
102.2 (C-la), 
109.4 (C-1), 
142.1 (C-2), 
148.2 (C-4a), 
151.0 (C-3), 
16 1.4 (C-7a), 
164.2 (C-1 I), 
168.8 (C-9), 
195.0 (C-12) 



Table 4.1 (continue) Characterization of (7) 

Compound Name Structure MW. 'H NMR 13c NMR 

7 12a-Hydroxy- 1 1 -(2- C23H2601~= 3.41 (s, 3H, OMe-5'), 44.6 (C3'), 
hydroxy-3 -methoxy- 462.1 3.61 (dd, J= 3.6,3.6 Hz, 49.9 (C-27, 
propoxy)-2,3,9- [M+H]'= 2H, H-4'),3.71 (s, 3H, 55.6 (OMe-9), 
trimethoxy-6a, 12a- 460.3 OMe-3), 3.75 (s, 3H, 55.8 (OMe-3), 
dihydro-6H- OMe-9), 3.39-4.02 (m, 56.4 (OMe-2), 
chromeno[3,4- OMe 2H, H-l'), 3.79 (OMe-2), 59.6 (c-5'), 
blchromen- 12-one 4.08-4.17 (m, lH, H-2'), 63.8 (C-6), 

5.43 (d, J= 1 1.6 Hz, 1 H, 67.1 (C-12a), 
H-6a), 5.43 (d, J= 1 1.6 75.7 (C-6a), 
Hz, 1 H, H-6a), 5.56 (dd, 75.7 (C-1') 
J= 10.0, 10.0 Hz, 2H, H- 94.0 (C-8), 
6), 6.04 (s, 2H, H-10, 8), 94.5 (C-1 0), 
6.47 (s, 1 H, H-4), 101 .O (C-4), 
6.50 (s, lH, H-1) 102.2 (C- 1 a), 

109.4 (C-1), 
142.1 (C-2), 
148.2 (C-4a), 
15 1 .O (C-3), 
16 1.4 (C-7a), 
164.2 (C- 1 1), 
168.8 (C-9), 
195.0 (C-12) 

e 



4.2.3 6-Doxyclitoriacetla-morpholine derivatives 

Morpholine groups play an important role in many industries. In particular, the 

use of morpholine group in pharmaceutical fields which can increase antimalarials, 

antipasmodies and anticancer activities. Therefore, in this work the structure of 6- 

deoxyclitoriacetal (1) was modified with certain morpholine groups in order to 

enhance anticancer activity. Four morpholine analogues were synthesized, namely 

morpholine, N-2-aminoethyl-morpholine, diethanolmine, and piperidine. The reaction 

scheme is shown in Scheme 4.3. The details of the spectroscopy characterization 

including 'H NMR, 13c NMR and LC-ESI mass spectroscopy for all compounds were 

given in Table 4.1 

I 
OMe 

EtOH, heat - 
15 h 

M e 0  

OMe 

Scheme 4.4 Synthesis pathway for 8 to 11, the condition ; EtOH, heat, 15 h ; 

morpholine (8), N-2-aminoethyl-morpholine (9),  diethanolmine (lo), and piperidine 

(11) 



Table 4.1 (continue) Characterization of (8) 

Compound Name Structure MW. 'H NMR 13c NMR 

C26H3~N01~= 2.42-2.75 (m, 4H, H-5',6'), 

Mdg#$ 
[M+N~]+= 5 17.26 4a',4b'), 3.85-3.40 3.61 (m, 2H, (s, 3H, H- OMe- 

OH 540.3 2), 3.65 (dd, J= 7.2,7.2 Hz, 

LfiH I \  OMe OMe =7.6 HZ, lH, H-7a), 3.70 (s, 
2H, H-8a',8b'), 3.69 (d, J 

6' 3H, OMe-9), 3.71 (d, J =  

8s 
7.6 HZ, lH, H7-b), 3.74 (s, 
3H, OMe-3), 3.82 (m, 2H, 

Y H-4'), 4.02-4.18 (m, 2H, H- 
la',lb'), 4.38 (dd, J =  12.0, 
12.0 HZ, lH, H-6), 4.46 (d, 
J= 2.3 Hz, lH, H-6a), 4.68 
(m, lH, H-2'),4.5 1 (dd, J =  
12.0, 12.3 HZ, lH, H- 
6),5.97 (s, lH,H-8), 5.99 (s, 
1 H, H- 1 O), 6.4 1 (s, 1 H, H- 
4), 6.44 (s, lH, H-1) 

54.10 (C-6'), 
54.15 (C-5'), 
56.20 (C-3'), 
56.45 (OMe-3), 
56.5 (OMe-9), 
57.0 (OMe-2), 
60.2 (C-6), 
64.0 (C-3'), 
66.5 (C-8'), 
66.8 (C-7'), 
67.0 (C- 12a), 
72.0 (C-1'), 
74.0 (C-6a), 
94.0 (C-8), 
94.5 (C-lo), 
101.5 (C-4), 
103.5 (Cda), 
108.0 (C-la), 
108.5 (C-1), 
144.0 (C-2), 
148.0 (C-3a), 
150.5 (C-3), 
162.0 (C-7a), 
164.0 (C-1 1), 
166.5 (C-9), 



Table 4.1 (continue) Characterization of (9) 

Compound Name Structure MW. 'H NMR 13c NMR 

dihydro-6H- I Urn 

chromeno [3, 4- OM0 

3a  OM^ 
1 H, H-2a 
m, 2H, H 
J=12 Hz, 
(dd, J =  1 2 
H-6a), 6.( 

- d d \ \ I  . 
mnmholin-4-vl- IM+HI+= 9 c I (11 J& 6.4, 6.0 H ~ ,  52.5 (c-9'), 

'-7b'), 2.73-2.80 56.5 (C-8'), 
I-6a', 6b7), 2.82- 54.0 (OMe-9), 
2H, H-4a',4b'), 55.0 (OMe-3), 
H, OMe-2), 3.76 55.5 (OMe-2), 
Me-9), 3.80 (s, 64.0 (C-6)' 

-3), 3.90-4.0 (q, 66.5 (C-1 0'), 

',2b'), 4.09-4.17 ( 67.5 (C-1 1 '), 
-la7,1b9), 4.51 (d, 72.5 (C-l'), 
2H, H-6), 4.56 72.0 (C-2'), 
!.0, 12.0 Hz, 1 H, 74.5 (C-6a), 

94.0 (C-8), 
I1 (s, lH,H-8), 94.5 (C-lo), 

6-03 (s, 1H, H-lO), 6.47 (s, 101.5 (C-4), 
1 H, H-4), 6.50 (s, 1 H, H-1) 103.5 (C-4a), 

108.0 (C-la), 
108.5 (C-1), 
144.0 (C-2), 
148.0 (C-3a), 
150.5 (C-3), 
162.0 (C-7a), 
164.0 (C-1 1), 
166.5 (C-9), 
190.5 (C-12) 

P 
0\ 



Table 4.1 (continue) Characterization of (10) 

Compound Name Structure MW. 'H NMR I3c NMR 

10 12a-Hydroxy- 1 1 - [2- C25H31N011= 2.66 (dd, J= 13.6, 13.6 Hz, 54.0 (C-8'), 
hydroxy-3-(2- 535.21 2H, H-8a', 8b'), 2.82 (dd, 54.5 (C-5'), 
hydroxy- 1 - [M+H]+= J= 9.2,9.2 Hz, 2H, H-5a9, 56.5 (OMe-9), 
hydroxymethyl- 535.71 5b'), 2.95 (d, J= 8.8 Hz, 56.7 (OMe-3), 
ethy1arnino)- 1 H, H-4b'), 2.98 (d, J= 8.8 58.0 (OMe-2), 
propoxy] -2,3,9- Hz, lH, 4a'), 64.0 (C-9'), 
trimethoxy-6a, 12a- 3.61 (s, 2H, H-6a',6b'), 64.5 (C-6'), 
dihydro-6H- 3.64 (s, 2H, H-9a', 9b'), 65.5 (C-2'), 
chromeno [3 ,4- 3.71 (s, 3H, OMe-2), 3.74 72.0 (C- 1 '), 
blchromen- 1 2-one (s, 3H, OMe-9), 3.78 (s, 75.0 (C-6a), 

3H, OMe-2), 3.88-4.80 (m, 94.0 (C-8), 
1 H, H-2'), 4.10-4.25 (m, 94.5 (C- 1 0), 
2H,H-la',lb'),5.99(d,J= 101.5(C-4), 
3.2 Hz, 1 H, H-8), 6.04 (dd, 103.5 (C-4a), 
h 7.2,7.2 Hz, HI, H-4), 108.0 (C-la), 
6.5 1 (s, 1 H, H-1) 108.5 (C-1), 

144.0 (C-2), 
148.0 (C-3a), 
150.5 (C-3), 
162.0 (C-7a), 
164.0 (C-1 1), 
166.5 (C-9), 
190.5 (C-12) 



Table 4.1 (continue) Characterization of (11) 

Compound Name Structure MW. 'H NMR I3c NMR 

11 1 -[2-Hydroxy-3-(12a- C27H3~NOIO= 1.14-1.22 (m, 2H, H-97, 
54.10 (C-6'), 

8 H 6 
hydroxy-2,3,9- 529.28 1.80 (s, lH, H-4'), 2.46- 

54.1 5 (C-5'), 

trimethoxy- 1 2-0x0- [M+N~]+= 2.60(m2H,H-8'),2.87- 56.20 (C-3'), 
6,6a, 12,12a- 552.3 2-92 (m, 2H, H-6'), 4.42 (d, 56.45 56.5 (OMe-9), (OMe-3), 
tetrahydro- J=12 Hz, H-l'), 3.68 (s, 
chromeno [3,4- 3H, oMe-2), 3.74 (s, 3H, 57.0 60.2  OM^-2), (C-6), 

b] chromen- 1 1 - OMe-9h3.71 (s, 3H, OMe- 64.0 (C-3 ,), 
Y ~ ~ ~ Y ) - P ~ ~ P Y ~ I -  3), 4.09-4.24 (m, lH, H-2'), 66.5 (C-g,), 
piperidin-4-one 4.43 (d, J=12 Hz, 2H, H-6), 66.8 (C-7,), 

4.54 (dd, & 12.0, 12.0 Hz, 67.0 (C-12a), 0 lH, H-6a), 6.00 (s,lH, H- 
8' 72.0 (C-l'), 8), 6.02 (s, lH, H-lO), 6.45 74.0 (C-6a), 

('9 lH, H-4), 6'48 (d, fi 7'6 94.0 (C-8), 
HZ, lH, H-1), 94.5 (C- 1 O), 

101.5 (C-4), 
103.5 (C-4a), 
108.0 (C-la), 
108.5 (C-1), 
144.0 (C-2), 
148.0 (C-3a), 
150.5 (C-3), 
162.0 (C-7a), 
164.0 (C-1 1), 
166.5 (C-9), 
190.5 (C-12) 
210.0 (C-9') 

P 
00 



4.2.4 - 6-Deoxyclitoriaceal benzylamine derivatives 

In terms of structure-relationship, the insertion of functional groups into the 

molecule such as N-aryl or N-benzyl can enhance cytotoxic activities against ovary 

and oral cancers [32]. As there are will introduce into structure as well as increase size 

of structure of the analogues. Therefore, in this work the structure of 6- 

deoxyclitoriacetal (1) was modified with certain aromatic ring in order to enhance 

anticancer activity. The reaction scheme is shown in Scheme 4.5. The details of the 

spectroscopy characterization including 'H NMR, 13c NMR and LC-ESI mass 

spectroscopy for all compounds were given in Table 4.1 

EtOH, reflux - 
IS h 

0 Me 
OMe 

OMe 
OMc 

Scheme 4.5 Synthesis pathway for 12 to 14; benzylamine, EtOH, reflux, 15 h (12), 2- 

phenylethylamine, reflux, 15 h (13), 2-amino-phenylethanol, reflux, 15 h (14) 
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Table 4.1 (continue) Characterization of (13) 

Compound Name Structure MW. 'H NMR 13c NMR 

13 12a-Hydroxy- 1 1 -(2- 8 H 6 

hydroxy-3 - 
phenethylamino- 
propoxy)-2,3,9- 
trimethoxy-6% l2a- 
dihydro-6H- 
chromeno[3,4- 
blchromen- 12-one 

C30H33N09= 2.74 (dd, J=6.8,6.8 
55 1.28, Hz, 2H, H-4'),2.95 

[M+H]+= (dd, J= 6.4,6.8 Hz, 
552.29 2H, H-6'), 

3.69 (s, 3H, OMe-2), 
3.74 (s, 3H, OMe-9), 
3.78 (s, 3H, OMe-3), 
3.90-3.98 (m, lH, H- 
234.04-4.20 (m, 2H, 
H-1), 4.45 (d, J= 12, 
2H, H-6), 4.54 (dd, J= 
7.2,7.2 Hz, lH, H-6a), 
6.01 (s, lH, H-8), 6.04 
(S ,1H, H-1 O), 6.46 (s, 
lH, H-4), 6.52 (dd, J= 
8.0, 8.0 HZ, lH, H-1), 
7.17 (s, 1 H, H-9'), 
7.21 (s, lH, H-8'), 
7.72 (s, lH, 12'),7.28 
(s,lH, H1 l'), 7.30 (s, 
1 H, H- 10') 

30.6 (C-7'), 
40,O (C-6'), 
42.5 (C-4'), 
56.0 (OMe-9), 
56.2 (OMe-3), 
56.5 (OMe-2), 
64.0 (C-6), 
68.2 (C-12a), 
70.0 (C-2'), 
72.5 (C-l'), 
76.0 (C-6a), 
94.0 (C-8), 
94.5 (C-1 O), 
100.5 (C-4), 
108.4 (C-la), 
108.6 (C-1), 
126.0 (C-12'), 
128.0 (C-8'), 
128.4 (C-9'), 
128.5 (C-1 1'), 128.6 
(C-1 O'), 140.0 (C-2), 
144.0 (C4a), 148.0 
(C-3), 150.0 (C-13), 
160.5 (C-7a), 162.0 
(C-1 1), 166.5 (C-9), 
190.0 (C- 12) 



Table 4.1 (continue) Characterization of (14) 

Compound Name Structure MW. 'H NMR 13c NMR 

3.54 (dd, fi 7.2, 7.2 
HZ, 2H, H-4'), 3.59- 
3.66 (m, 2H, H-67, 
3.69 (s, 3H, OMe-2), 
3.74 (s, 3H, OMe-9), 
3.78 (s,3H, OMe-3), 
4.00-4.01 (m, lH, H- 
Z'), 4.20 (dd, J= 5.6, 
6.0 HZ, 2H, H-1 '), 
4.42 (d, J= 12 Hz, H- 
6), 4.55 (d, J= 12 Hz, 
lH, H-6a), 4.81-4.9 (m 
, lH, H-77, 6.02 (s,lH, 
H-8),6.03 (s, lH, H- 
lo), 6.46 (s, lH, Ha) ,  
6.50 (s, lH, H-1), 7.51 
(s, 2H, H-9', lo'), 7.69 
(s, 2H, H-1 17,12') 

42.5 (C-4'), 
44.5 ( C-6'), 
56.0 (OMe-9), 
56.2 (OMe-3), 
56.5 (OMe-2), 
64.0 (C-6), 
68.2 (C-12a), 
70.0 (C-2'), 
70.5 (c-7'), 
72.5 (C-l'), 
76.0 (C-6a), 
94.0 (C-8), 
94.5 (C-lo), 
100.5 (C-4), 
108.4 (C- 1 a), 
108.6 (C-1), 
126.0 (C-12'), 128.0 
(C-8'), 128.4 (C-9'), 
128.5 (C-ll'), 128.6 
(C-lo'), 140.0 (C-2), 
144.0 (C4a), 148.0 
(C-3), 150.0 (C-13), 
160.5 (C-7a), 162.0 
(C-1 1), 166.5 (C-9), 
190.0 (C-12) 



4.3 Solubility test 

Water solubility is an important factor in the bioavailability of pharmaceutical 

products. The hydrochloride salt of 15 is high water solubility at room temperature. 4 

mg of 15 was completely dissolved in 40 pL of water (water solubility = 1000 g/L). 

4.4 X-ray Structure Determination and Refinement for 11-(3-Chloro-2- 

hydroxy-propoxy)-2~,9-trimethoxy4H-chromeno[3,4-b]chromen-12-one 

(4) 

Suitable single crystals of 4 were crystallized &om methanol by slow 

evaporation in refrigerator. X-ray analysis including data collection, cell refinement 

and data reduction was performed on a Bruker SMART APEX2 area detector 

(Scientific and Technology Research Equipment Centre, Chulalongkorn University) 

covering the full sphere of 0.961$ resolution. A total of 14,308 reflections were 

integrated by image processing with 99.0% completeness, and were merged into 

4,517 reflections for the triclinic system with a Rint of 0.0269. The crystal and 

structure-refinement data are summarized in Table 4.2. The full crystal and structure- 

refinement data are given in Appendix A. The structure was solved by direct methods 

and refined anisotropically by full-matrix least-squares with non-hydrogen atoms 

using SHELXS-97 [5]. Hydrogen atom was found from difference Fourier maps and 

refined isotropically. CCDC-727200 contains the supplementary crystallographic 

data for this paper. These data can be obtained free of charge via (please use the link 

below) by e-mailing data~request@ccdc.cam.ac.uk, or by contacting The Cambridge 

Crystallographic Data Centre, 12 Union Road, Cambridge CB2 lEZ, UK, 716905. 

Fax: +44(0)1223-336033. 

Result and Discussion 

An ORTEP view of 4 (50% probabilify thermal ellipsoids) is shown in Fig 

4.2. The molecule consists of 6-deoxyclitoriacetal moiety. The molecular structure 

confirms that the epoxide is ring-opened by hydrochloric acid to give the title 

compound. The C7-C15 distance of 1.347(4) 1$ is consistent with C=C double bond 

and hence the molecular structure is planar. The bond distances and angles were 



given in appendixA The bond distances and angles are in the normal ranges expected 

for compounds of this type. The hydroxyl group form hydrogen bonds with the 

quinone oxygen atom [08A ... 03(-x-1, -y+2, -z), 2.757AI. The geometry for hydrogen 

bonding is given in Table 4.2. The molecular packing diagram of 4 is shown in Fig. 

3, the hydrogen bonded dimer is formed between the hydroxyl group and the quinone 

oxygen atom. 

Table 4.2 The crystal and structure-refinement data for 4 

CnHzoClos 

M, = 447.83 

Triclinic, Pi 

Hall symbol: -P 1 

Da fa collection 

Bruker SMART APEX2 
di&ctometcr 

Radiation source: Mo 

Monochromator: graphite 

T =  293 K 
Absorption correction: none 

14308 measwed reflections 

45 17 mdependcnt reflections 

Re_finmenr 

Refinement on 9 

4 = 1.472 M~ 6' 

M o  Ka radiation 
)., = 0.71073 A 
8 = 1.627.4" 

2879 reflections with I > 2 4 4  

Secondary atom site location: clifferrace Fouuia map 



Least-squares matrix: full Hydrogen site location: infemd from ndghbouring 
sites 

S= 1.03 ( A j a X ,  < 0.001 

451 7 reflections A- = 0.78 c A - ~  
280 parsmeters Ap-, = -0.54 e A-3 
F'rimq atom site location: structlllr-invillimt direct 
mctllods 

Extinction correction: none 

Table 4.3 The hydrogen bonding geometry for 4. 

D-H d(D-H) d(H..A) <DHA d(D..A) A 

Fig 4.2 Chemical structure of 1 1-(3-Chloro-2-hydroxy-propoxy)-2,3,9-trimethoxy- 
6H-chromeno[3,4-blchromen- 12-one (4) 



Fig 4.3 ORTEP view of crystal structure of 4. Thermal ellipsoids are drawn at the 
50% probability level. 

Fig 4.4 Packing diagram of 4 viewed along a-axis, dashed lines indicated hydrogen 
bonds. 



4.5 Cytotoxic activities of 6-deoxyclitoriacetal and its analogues 

In this research, the cytotoxic activities of 6-deoxyclitoriacetal and its 

analogues were evaluated to investigate the structure-activity relationship. As 

mentioned in the previous section, we propose that important factors for 6- 

deoxyclitoriacetal to have good cytotoxicity are (i) at lease one part of the molecule 

should be planar (to intercalate part with DNA), (ii) the molecule adopts a bent shape 

or V shape (to stabilize the intercalation by locking a part of molecule in the minor or 

major groove of a DNA double strand) and the last factor is (iii) the molecule should 

have functional groups that can trap topoisomerase 11-DNA complex (to enhance 

interfere with the normal functioning of the enzyme, leading to inhibit DNA 

relaxation). Therefore, the derivatives of 6-deoxyclitoriacetal were synthesized to 

study the above mentioned factors, and then tested for their cytotoxicities. 

All synthesized compounds (2 to 15) were tested for cytotoxicity against KB 

(Human oral carcinoma), MCF7 (Breast cancer) and NCL-H187 (Human small lung 

cancer) cell lines using doxorubicin and ellipticine as the positive control. The 

cytotoxic activities of 6-deoxyclitoriacetal (I), and their 6-deoxyclitoriacetal 

analogues were reported in IC50 value. The ICS0 is the half maximal (50%) inhibitory 

concentration (IC) of a substance. In general, higher IC50 means lower cytotoxic 

activity. The cytotoxic activity results of all compounds were tabulated in Table 4.4. 

Table 4.4 Cytotoxic activities of 6-deoxyclitoriacetal (I), and 6-deoxyclitoriacetal 

analogues (2 to 15) against KB (Human oral carcinoma), MCF7 (Breast cancer) and 

NCL-H187 (Human small lung cancer) cell lines. 

/ 
OH A 

OH A 

OH O I ' OM. 
OM. 

OM. 

3' 

6-deoxyclitoriacetal(1) 2 



Doxorubicin (Adriamycin) is a commercial drug, generally used in cancer 

chemotherapy (Fig. 4.5). It is an anthracycline antibiotic. It can intercalate into base 

pairs of DNA. This manner is similar in anthracyclines. It is commonly used to treat 

some leukemia as well as cancers of the breast, lung, stomach, bladder, ovaries and 

others [38, 391. Doxorubicin is known to interact with DNA by intercalation and then 

Compounds 

Doxorubicin 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

R 

- 
- 
- 
- 

C1 

OH 

NH2 

OMe 
H g 

(11 i"' 
H 

HO-~-OH 

6 
H 

WNH2 

0"""' 
(pH2 

H 

Anti-KB 

2.01 

13.28 

2.87 

32.87 

14.77 

13.36 

43.24 

46.92 

26.5 1 

26.3 1 

Inactive 

Inactive 

32.29 

23.53 

46.44 

0.68 

IC, (pgfml) 

Anti-MCF7 

42.52 

23.65 

7.33 

5.63 

24.9 1 

Inactive 

Inactive 

Inactive 

31.71 

36.82 

Inactive 

48.63 

34.63 

3.05 

Inactive 

Inactive 

Anti-NCl-HI 87 

0.03 

3.12 

3.21 

27.82 

6.61 

13.94 

10.96 

11.69 

2.93 

4.70 

Inactive 

Inactive 

35.53 

13.62 

22.08 

0.63 



inhibit the progression of the topoisomerase 11, enzyme that unwinds DNA for 

transcription. The planar aromatic chromophore moiety intercalates between two 

base pairs of the DNA, while the six-member daunosamine sugar sits in the minor 

groove and interacts with base pairs adjacent to the intercalation site [39]. 

Fig 4.5 Chemical structures of doxorubicin HCI 

Doxorubicin HC1 is a positive control drug that has cytotoxic activities against 

three cancer cell lines, i.e. MCF7 (Breast cancer), KB (Human mouth carcinoma), and 

NCL-H187 (Human small lung cancer). The results indicate significant cytotoxic 

activities with the IC50 value of 42.52, 2.01 and 0.03 pglml against MCF-7, KB, and 

NCI-H187, respectively. 

4.5.1 6-deoxyclitoriacetal-epoxidation derivatives 

In order to study effect of functional group on cytotoxicities, three groups of 

different substituents of 6-deoxyclitoriacetal analogues have been synthesized. 

Firstly, 6-deoxyclitoriacetal (1) was treated with epichlorohydrin in the presence of 

sodium hydride at 80°C in dimethyformamide (DMF) to give the epoxide derivative 

of 2 and 3 (48% and 10% yield, respectively). The result of cytotoxicity is indicated 

in Table 4.4. 



Fig 4.6 The chemical structures of (a) 2, (b) 3 

The epoxide intermediate of 2 and 3 was used to study the effect of the 

number of epoxide groups and the effect of its molecular planarity on cytotoxicity. It 

was shown that 2 (ICSo = 2.87, 7.33 and 3.21 pglml for KB, NCI-HI87 and MCF7, 

respectively) has higher cytotoxic activities against all three cell lines than that of the 

parent compound (ICSo = 13.28, 23.65 and 3.12 pgtml) and 3 (ICSo = 32.87, 5.63 and 

27.83 pglml). Compound 3 has highest cytotoxicity against MCF-7 cell line (ICSo = 

5.63 pglml) when compare to doxorubicin (ICSo = 42.52 pglml) and its parent 

compound (ICS0 = 23.65 pglml), while it was less potent inhibitor than 2 and the 

parent compound against KB and NCl-HI87 cell lines, respectively. We assumed 

that the epoxide group can increase its cytotoxicity by undergoing chemical reaction 

between the epoxide group of the tested compounds and the amine group of DNA, 

leading to the deformation of DNA structure and hence preventing the DNA 

replication process. Moreover, the molecular planarity of 2 can help the intercalation 

of the tested compound with the DNA increasing the deformation of DNA structure. 

In contrast to 3, the compound bearing two epoxide groups which should be more 

potent inhibitor than 2, however, the cytotoxic activity of 3 against the KB and NC1- 

HI87 cell lines is significantly lower than 2, because the molecule is lack of planarity 

according to the tetrahydropyran ring was opened by the epoxidation reaction. The 

results suggested that the molecular planarity is an important factor for inhibit the 

proliferation of KB and NC1-HI87 cell lines, but less effect on against the MCF7 cell 

line. 



4.5.2 6-Deoxyclitoriacetal - hucleophiles analogues 

To investigate the cytotoxicity of the ring opened epoxide derivative, four 

nucleophiles (-C1, -OH, -NH2, and -0Me) groups containing compounds were 

synthesized, namely compounds 4 to 7, respectively, (Fig. 4.7). All compounds were 

evaluated for their cytotoxicitis against MCF7 (breast cancer), KB (human mouth 

carcinoma), and NCL-H187 (human small lung cancer) cell lines. The cytotoxic 

activities results of each compound shown in Table 4.4 

6 6 - 
8 

MOO 

6 7 

Fig 4.7 The chemical structures of 4, 5 ,6  and 7 

Attempts to open the epoxide ring with nucleophiles for enhancing its 

cytotoxic activity, the results of cytotoxic activities for 4 to 7 showed that all ring 

opened epoxide derivatives have less cytotoxicity against all three cell lines than that 

of doxorubicin and their parent compound. Compounds 5, 6 and 7 are inactive for 

MCF7 cell lines. 



Among the nucleophile ring opened epoxide derivatives, the chloride 

substituent containing compound (4) with the ICso of 14.77, 24.91 and 6.62 pg/ml for 

KB, MCF7 and NC1-H187 cell lines, respectively, is a more potent inhibitor than that 

of the rest of the tested compounds. For the KB cell lines, the -NH2 (ICSo = 43.24 

pg/ml) and -0Me (ICSo = 46.92 pg/ml) derivatives exhibited less cytotoxic activity 

than that of the -C1 (ICSo = 14.77 pg/ml) and the -OH (ICSo = 13.36 pg/ml) containing 

derivatives. The ability to inhibit the NC1-H187 cell line for these four ring opened 

epoxide derivatives are similar levels of cytotoxic activity (ICso = 6.62, 13.94, 10.96 

and 11.69 pglml for 4,5, 6 and 7, respectively). The -C1 and -OH groups are favorite 

to be a hydrogen bonded acceptor whereas the -NH2 and -0Me groups are more 

preferably to be a hydrogen bonded donor. The -NH2 group in DNA which is a 

hydrogen bonded donor prefer to form a intermolecular hydrogen bonded complex 

with a tested compound having hydrogen bonded acceptor, therefore, The compounds 

containing -C1 (4) and -OH (5) group showed higher activity than the compounds 

having -NH2 (6) and -0Me group (7). This is may imply that the hydrogen bonded 

acceptor group is one of factor for improving cytotoxic activtiy against the KB cell 

line, but this factor dose not influence the inhibition of the cytotoxic activity against 

the NC1-H187 cell line. 

4.5.3 6-Deoxyclitoriacetal - morpholine analogues 

As mentioned hereinbefore, many morpholine containing compounds exhibit 

good cytotoxic acitivity. In this study, four morpholine groups were synthesized with 

6-deoxyclitoriacetal, namely morpholine, N-2-aminoethyl-morpholine, diethanolmide, 

and 4-piperidon hydrate hydrochloride.the morpholine derivative in order to study the 

steric effect of side chain on cytotoxic activity. The modifications of 6- 

deoxyclitoriacetal derivative-morpholine analogues were prepared from the epoxide 

derivative. Compounds 8, 9, 10 and 11 (Fig. 4.8) were isolated in good yield with 

86%, 94%, 91% and 68%yield, respectively. The new derivatives of 8 to 11 were 

assayed for cytotoxic activities against KB, MCF-7 and NCI-HI87 cell lines. The 

results of cytotoxic activity of 8 to 11 were shown in Table 4.4 



Fig 4.8 The chemical structures of 8,9,10, and 11 

In the series of morpholine derivatives, the cytotoxic activities of 8 'to 11 

against the KB, MCF7 and NCI-H187 cell lines are not better than that of doxorubicin 

and their parent compound. Compounds 8 and 9 have comparative cytotoxic 

activities against all three KB, MCF7 and NCI-H187 cell lines with the ICso of 26.51, 

31.71 and 2.93 pglml for 8 and ICro of 26.31, 36.82 and 4.70 pglml for 9. The 

compound containing diethanolamine group (10) is inactive against all three cell lines. 

The results indicate that the compound containing morpholine, group does noto 

improve the cytotoxicity. Moreover, the molecule having a bulky and flexible side 

chain like diethanolamine is inactive. This would seem that the steric effect of a side 

chain is one of factors for inhibiting the cytotoxic activity. 



4.5.4 6-Deoxyclitoriacetal - aromatic ring analogues 

In order to study the effect functional group of aromatic ring and the length of 

side chain on cytotoxic activity of 6-deoxyclitoriacetal derivatives, three aromatic ring 

were selected to be synthesized with 6-deoxyclitoriacetal, namely benzylamine, 2- 

phenylethylamine, and (R)-(-)-2-amino-2-phenylethanol. The modifications of 

aromatic ring containing 6-deoxyclitoriacetal derivatives using the epoxide derivative 

as starting material were prepared. Compounds 12, 13 and 14 (Fig. 4.9) isolated from 

column chromatrography gave 83%, 69% and 78%yield, respectively. The new 

derivatives of 12 to 14 were tested cytotoxic activity against MCF7 (Breast cancer), 

KB (Human mouth carcinoma), and NCL-HI87 (Human small lung cancer). The 

result of cytotoxicity is indicated in Table 4.4 

..Fig 4.9 The chemical structures of 12, 13, and 14 



The benzylamine derivatives of 6-deoxyclitoriacetal showed less cytotoxic 

activity against all KB, MCF-7 and NCI-H187 cell lines than that of doxorubicin and 

the parent compounds, except 13 (ICSo = 3.05 pglml) has the highest cytotoxic 

activity against MCF-7. It is interesting that the phenylethylamine containing 

molecule (13) with ICso of 23.53, 3.05 and 13.62 pg/ml for KB, MCF-7 and NCI- 

H187, respectively, showed higher cytotoxicity than that of the benzylamine 

containing compound (12) (ICSo = 32.29, 34.63 and 35.53 pg/ml), even though the 

side chain of 13 is longer than that of 12. 

Furthermore, the overall structure of 14 is similar to that of 13, except the side 

chain of 14 bearing the hydroxyl group which is expected to increase the cytotoxic 

activity because having one more a hydrogen bonded acceptor in the molecule, 

however, the ICso values of 14 against the KB, MCF-7 and NCI-HI87 (46.44, 

inactive, 22.08 pglml, respectively) is even more higher than that of 13 (23.53, 3.05, 

13.62 pglml, respectively). 

For all derivatives of 6-deoxyclitoriacetal, the most potent inhibitor against 

KF3 cell line is the molecule containing epoxide group (2) (ICSo = 2.87pg/ml), while 

that of MCF7 and NCI-H-H187 are 13 (IC50 = 3.05 pglml) and 8 (ICS0 = 2.93 pglml), 

respectively. It is possible that the mechanisms in these three human cell lines are 

different. 

As a result, it can be pointed out that there is a divergence of the cytotoxicity 

for the MCF-7 and NCI-HI87 cell lines. As can be seen from the ICso values are not 

correlated with the functional groups, the length of side chain and the hydrogen 

bonded group. 

However, the hydrogen bonded acceptor is one of factors for increasing the 

cytotoxic activity against the KF3 cell line. The less steric effect of the side chain is on 

the molecule, the higher cytotoxic activity against the KB cell line. 

The molecule bearing the 'functional group that is able to undergo chemical 

bonding with the DNA; like an epoxide group, will promote the formation of a 

compound-DNA complex, and then the DNA is deformed. The proliferation of some 

cancer cells may be controlled. 



4.5.5 Salt of 12a-Hydroxy-ll-(2-hydroxy-3-morpholin-4-yl-propoxy)-2,3, 

9- trimethoxy-6a, 12a-dihydro-6H-chromeno[3,4-b]chromen- 12-one 

hydrochloride (1 5) 

The above mentioned results show that the most potent inhibitor is the epoxide 

derivative (2),  because it can undergo chemical reaction with DNA and then deform 

the DNA strains. In addition, we can assume that the derivatives consisted of 

functional groups that can participate non-covalent interactions with DNA have lower 

cytotoxic activity against human cell lines than the epoxide derivative. Therefore, we 

attempt to increase the cytotoxic activity of the obtained derivatives along with their 

water solubility. This can be performed based on the knowledge that its water 

solubility form has higher bioavailability than that of its free base form. Therefore, the 

free base form of 8 was converted to be an acid addition salt (15) by adding conc. 

HC1. It was found that the acid addition salt form (15) has higher water solubility 

(1000g/L), whereas its free form is water insoluble. Moreover, the salt form also has 

stronger cytotoxicity against KB and NCI-HI87 cell lines (ICSo = 0.68pglml and 0.63 

pglml, respectively) than that of its free base form (8) ( I C 5 ~  = 26.51 pglml and 2.93 

pglml, respectively). 

Interestingly, several compounds were inactive against MCF7 (breast cancer 

cell line). MCF7 cell line is the estrogen receptor-positive cell line. It is used to a 

prominent model system for the study of breast cancer. Despite the fact that many 

tumors initially respond to chemotherapy, breast cancer cells can subsequently 

survive and gain resistance to the treatment. Tamoxifen (Fig. 4.10) is the anticancer 

drug used to treat the breast cancer [41]. Therefore, several compounds were inactive 

against MCF7 probably because this cell line was easy to resistant with many 

compounds. Moreover, the competitive compounds to be a breast anticancer should 

have a pharmacophore similar to estrogen receptor. Therefore, it can be noticed that 

our tested compounds has different structure to Tamoxifen, which is an anticancer 

drug which specific with the breast cancer, resulting in inactive activity for MCF7 cell 

lines. 



Fig 4.10 The chemical structure of Tamoxifen 

4.6 Preparation of pBR322 plasmid DNA 

pBR322 Plasmid DNA was prepared from gram-negative bacteria (E. coli 

HB 101). ~ a s t ~ l a s m i d ~  mini was used for precipitation and separation of plasmid. The 

HindIII-digested h DNA (commercially obtained) was used as a marker (100 bp-1 

kb). The resulted products were analyzed by 1% agarose gel electrophoresis. The 

obtained plasmid DNA composed of both nicked DNA form and supercoiled pBR322 

form [Fig. 4.1 11. Plasmid sizes were calculated using computer software (Syngene- 

Gene Genius, Bio Imaging Systems, Syngene). The mobility of supercoiled form 

corresponds to the marker with 4.3 kb. 

kb Marker 

Nicked 

Supercoiled DNA 

Fig 4.11 Representative of agarose gel profile of pBR322 plasmid DNA band 



4.7 Topoisomerase I1 assay 

4.7.1 Topoisomerase I1 inhibition by 6-deoxyclitoriacetal and its derivatives 

(1 to 14) 

Topoisomerase I1 is nuclear enzyme that catalyzes changes in the topological 

state of DNA by breaking and rejoining of double stand DNA. This enzyme has 

important roles in DNA metabolism such as replication, recombination, transcription, 

and chromosome condensation. As the structure of DNA is a double helix and is in a 

supercoiled DNA form. The supercoild DNA must be relaxed by Topoisomerase I1 

enzyme before processing the transcription and translation. To investigate the 

cytotoxic mechanism of 6-deoxyclitoriacetal and its derivatives (1 to 14), the effect of 

the synthesized compounds for inhibiting the relaxation of Topisomerase I1 were 

evaluated. The data were analyzed and %inhibition was calculated using Syngene 

software [33]. The results of topoisomerase I1 inhibiton of tested compounds and 

etoposide are shown in Fig 4.12, respectively. 

hk&r Top DNA 1 2 3 4 5  6 7  

Fig 4.12 Inhibitory effects of tested compounds on human DNA topoisomerse 11, 

supercoiled pBR322 plasmid DNA was mixed with topoisomerase I1 and 100 pM 

compounds dissolved in DMSO (land 4 to 19). Lane 2; Top011 + plasmid DNA, Lane 



3; DNA only, Lane 4; TopII+ plasmid DNA + test compounds and Lane 5 to 19; 

TopII+ plasmid DNA + test compounds 

To further investigate the mechanism of action of 6-deoxyclitoriacetal 

dervivatives (2 to 14) regarding to cytotoxicity, the relaxation of supercoiled pBR322 

plasmid DNA by topoisomerase I1 were evaluated using etoposide, a commercial 

topoisomerase I1 inhibitor, as a positive control (Fig 4.12). The topoisomerase I1 assay 

was performed with the tested compound concentration of 100 pM and then 

monitored by 1% agarose gel electrophoresis. In Fig 4.1 1, the first lane is the HindIII- 

digested h DNA marker, lane 2 is DNA alone, lane 3 is DNA and Top 11, and lane 4 is 

DNA + Top I1 + etoposide as a reference. The results show that etoposide inhibits 

68.7% of Top I1 reaction which is close to that of 6-Deoxyclitoriacetal (1) (72.9% 

inhibition) 

Among the epoxidation derivatives (2 and 3), compound 2 and 3 show the 

inhibition rate of topoisomerase I1 with 81.2% and 68.7%, respectively. The 

topoisomerase I1 inhibition rates are correlated with the results of cytotoxic activities 

against KB, MCF-7 and NCI-HI87 cell lines. Compound 2 is much higher than that 

of 6-deoxyclitoriacetal and 3 (see, Table 4.4). 

Series of the nucleophile ring-opened epoxide derivatives (4 to 7) reveal 

similar inhibition rates of Topoisomerase 11, which are in the range of about 58.3% to 

64.6%inhibition, except for the hydroxyl derivative (5) gives only 8.3% inhibition. 

This indicates that 5 is inactive to topoisomerase I1 inhibition but exhibits good 

cytotoxic activity against the KB and NCF-H187 cell lines. This is also an evidence of 

a non-correlation between the topoisomerase I1 activity and cytotoxic acitivity against 

some human cell lines. 

Series of morpholine derivatives (8 to 11) reveal that the morpholine 

derivative 8 is the most potent inhibitor of topoisomerase I1 activity with 

93.5%inhibition. It is interesting that the diethanolamine containing compound (lo), 

which is inactive for all three cell lines, but it can strong inhibit the topoisomerase 11 

reaction with 77.1 %inhibition, 

The topoisomerase I1 inhibition of benzylamine series is in the range of 60.4% 

to 81.7%inhibition. Therefore, the inhibition rate of topoisomerase I1 reaction 

induced by benzylamine derivatives not correlated to the cytotoxic activity. 



Compound 13 showed the strongest inhibition on topoisomerase I1 with 

81.7%inhibition and it is the most potent inhibitor against MCF-7 (ICSo = 3.05pg/ml). 

As results of cytotoxicity and Topoisomerase I1 inhibition, compounds 2, 8, 

and 13 are not only exhibited good cytotoxicity, but also shown good topoisomerase 

I1 inhibition. In particular, 2 might show cytotoxicity via topoisomerase I1 inhibition. 

These results confirm that topoisomerase I1 inhibition might help to increase cytotoxic 

activity. However, the ability of 6-deoxyclitoriacetal derivatives to inhibit 

topoisomerase I1 is thought to be important for the biological properties. Therefore, 6- 

deoxyclitoriacetal derivatives-induced topoisomerase I1 inhibition may originate not 

only fiom topoisomerase I1 targeting but also fiom other mechanisms. 

4.7.2 Topoisomerase I1 inhibition by water solubility compound (15) 

The effect of compound 8 (free base form) and 15 (salt form) on 

topoisomerase I1 inhibition (Fig 4.13, lanes 4 to 7) were investigated. The effect of 

concentrations of compounds 8 and 15 at 100 pM and 20 pM were evaluated. The 

results show that the salt form (54.3%inhibition) can inhibit the topoisomerase I1 

reaction better than that of its free base (66.7%inhibition) at the same concentration 

(100pM) (Fig. 4.13, lanes 4 and 6, respectively). At lowering concentration (20pM) 

of compounds 8 and 15, both compounds showed lower % inhibition (17.1% and 

14.3% inhibition for 8 and 15, respectively) than that of their higher concentration 

(67.7% and 54.3% inhibition for 8 and 15, respectively (Fig 4.13, lane' 5 and 7). 

1 2 3 4 3 6 7 Lane 
- 

Marker DNA TopE 8 15 
100 20 100 20 PM 



Fig 4.13 Inhibitory effects of 6-deoxyclitoriacetal derivatives (8 and 15) on human 

DNA topoisomerse 11, supercoiled plasmid DNA was mixed with topoisomerase I1 

compounds. Lane 1; Marker, Lane 2; DNA only, Lane 3; Top011 + plasmid DNA, 

Lane 4 and 5; TopII+ plasmid DNA + compound 8 at 100 and 20 pM, Lane 6 and 7; ; 

TopII+ plasmid DNA + compound 15 at 100 and 20 pM. 

As a result, it can be assumed that the activity of topoisomerase II inhibition 

induced by tested compounds depending on their concentration. In addition, 

comparison of cytotoxicity between both compounds was indicated that the salt form 

(15) has stronger cytotoxicity than that of its free base (8), as well as its 

topoisomerase I1 inhibition. The salt form exhibited high cytotoxicity against NCI- 

H187 and KB cell lines with ICso values of 0.63 and 0.68 pglml, respectively, 

whereas 8 shown only high cytotoxicity against NCI-H187 cell line with ICso value of 

2.93 pg/ml. From the results, although 15 shown good cytotoxicity, it show less 

topoisomerse I1 inhibition than 8. Its mechanism might show other. 



Table 4.5 The 
topoisomerase 

Compounds 

Doxorubicin 

Etoposide 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

cytotoxic activities and % inhibition summary of the 
I1 of all compounds 

R 

- 
- 
- 
- 
- 

C1 

OH 

NH2 

OMe 

H 

cN) 
0 

?"' 
(11 

H  
H O ~ ~ ~ O H  

8 
H rNH2 
rNH2 
+ N ~ 2  

H 

Anti-KB 

2.01 

- 
13.28 

2.87 

32.87 

14.77 

13.36 

43.24 

46.92 

26.5 1 

26.3 1 

Inactive 

Inactive 

32.29 

23.53 

46.44 

0.68 

characteristics, 

% top11 

Inhibition 

- 
68.7 

72.9 

81.2 

68.7 

58.3 

8.3 

64.6 

58.4 

93.5 

47.9 

77.1 

54.2 

66.7 

81.7 

60.4 

54.3 

IC, (pglml) 

Anti-MCF7 

42.52 

- 
23.65 

7.33 

5.63 

24.91 

Inactive 

Inactive 

Inactive 

31.71 

36.82 

Inactive 

48.63 

34.63 

3.05 

Inactive 

Inactive 

Anti-NCI- 

HI87 

0.03 

- - 

3.12 

3.21 

27.82 

6.61 

13.94 

10.96 

1 1.69 

2.93 

4.7 

Inactive 

Inactive 

35.53 

13.62 

22.08 

0.63 



CHAPTER V 

CONCLUSION 

Conclusion 

6-Deoxycliltoriacetal(1) is a rotenoid compound extracted from the dried root 

of Stemona collinse Craib. 6-deoxyclitoriacetal has good cytotoxicity against various 

types of human carcinoma. Therefore, in order to enhance its cytotoxic activity and 

seeking for new Topoisomerase I1 inhibitor, the derivatives of 6-deoxycliltoriaceta1 

was synthesized by converting 6-deoxyclitoriacetal to epoxide derivative by reacting 

with epichlorohydrin. The epoxide derivative was ring-opened with nucleophiles, 

morpholine and benzylamine compounds. All compounds were tested cytotoxicity 

against human breast (MCF-7), oral (KB), and small cell lung (NCI-H187) cancer cell 

lines. 

Among the 6-deoxyclitoriacetal derivatives (2 to 3), 2 exhibited strong 

cytotoxicity against all cell lines including KB, NCI-H187 and MCF7 with the ICso 

value of 2.87, 3.21, and 7.33 pglml, respectively, whereas 3 exhibited high 

cytotoxicity against only MCF-7 cell line with the ICso value of 5.63 pglml. However, 

both compounds also strongly inhibited the topoisomerase I1 activity with 81.2% and 

68.7%inhibition, respectively. This is probably due to the epoxide group reacated with 

an mine  group in DNA and then form a stable complex, and deform the DNA double 

strands. 

Among the 6-deoxyclitoriaceta-nucleophilic derivatives (4 to 7), the 

compound 4 showed the best cytotoxicity against NCI-H187 cell line with the ICso 

value of 6.61 pglml whereas other compounds elicited moderate cytotoixcity. The 

results suggest that the present of a high electronegativity atom of chloride atom 

reduces steric effects and enhanecs the stable binding compound-DNA complex. 

Among the 6-deoxyclitoriaceta-morpholine derivatives (8 to l l ) ,  compounds 

containing morpholine (8) and amino-morpholine (9) exhibited strong cytotoxicity 

and selective against NCI-H187 cell line with ICso value of 2.93 and 4.70 pglml, 

respectively. In addition, both compounds are also good topoisomerase I1 inhibitors 



with 93.5% and 47.9%inhibition, respectively. Especially, 8 is the most potent 

topoisomerase I1 inhibitor. However, diethanolamine containing 6-deoxyclitoriacetal 

(10) was inactive for all three cell lines. It might be owing to the steric effect. 

Among the 6-deoxyclitoriacetal-aromatic derivatives (12 to 14), 13 exhibited a 

high cytotoxicity against MCF-7 cell line with the ICso value of 3.05 pglml and had 

good topoisomerase I1 inhibitory activity with 81.7%inhibition. In contrast, 12 

showed lower cytotoxic activities for all cell lines and less inhibit topoisomerase I1 

activtiy than that of 13. The results suggest that the aliphatic chain of benzylarnine 

increase with decreasing of cytotoxic and Topoisomerase I1 activity. 

In order to enhance bioavailability of the synthesized compounds, an acid 

addition salt of 8 was prepared by adding strong hydrochloric acid. The salt of 

morpholine containing 6-deoxyclitoriacetal hydrocholide showed stronger 

cytotoxicity against KB and NCI-HI87 with ICso of 0.68 and 0.63 pg/ml, 

respectively, than that of its free base with the ICso of 26.51 and 2.93 pg/ml, 

respectively. Its salt also has a stronger cytotoxity against KB than 2.01 ICso pg/ml of 

doxorubicin. In addition, it also inhibits topoisomerase I1 with 54.3% and 

14.3%inhibition at 100 and 20 pM, respectively, than that of 8 with 67.7% and 17.1% 

inhibition. 

From results of Topoisomerase I1 assay revealed that most of 6- 

deoxyclitoriacetal inhibited Topoisomerase I1 with %inhibition over 50%, except for 

5 and 9 cannot be complete inhibited the activity of Topoisomerase I1 enzyme. The 

morpholine derivative 8 at 100 pM exerted the most potent Topoisomerase I1 enzyme 

with 93.5% inhibition. 
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Supplementary materials 

Fig 1 Chemical structure of 1 1 -(3-Chloro-2-hydroxy-propoxy)-2,3,9- 
trimethoxy-6H-chromeno[3,4-blchromen- 12-one (4) 

Fig 2 ORTEP view of crystal structure of 4. Thermal ellipsoids are 
drawn at the 50% probability level. 
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Refinements 

Refinements were made by full-matrix least squares on all F~ data using SHELXL97. All 

non-hydrogen atoms were anisotropically refined, excepted for the oxygen 08B atom 

which was refined isotropically. The 0 3  atom is disordered over two positions with site 

occupancies of 0.88 and 0.12. The hydrogen atoms were positioned geometrically and 

refined using a riding model, with C-H = 0.93n (aromatic), 0.97n (CH2), 0.98n (CH3) and 

0-H = 0.82 a. The selected bond lengths and bond angles are given in Table 3. An ORTEP 

drawing of the co-crystal is illustrated in Fig 3 

(4) 

Crystal data 

C22H20C 1 0 8  

Mr = 447.83 

Triclinic, P1 

Hall symbol: -P 1 D, = 1.472 Mg m-3 

Mo Ka radiation 

h=0.71073 a 

0 = 1.6-27.411 

n - 0.24 mm-' 

T=293 K 

Prism, colourless 

0.4' 0.2s 0.25 mm 



Data collection 

2879 reflections with I > 241) 

Bruker SMART APEX2 

difictometer 

Radiation source: Mo 

Monochromator: graphite 

T=293K 

Absorption correction: none 

14308 measured reflections 

45 17 independent reflections 
Seconday atom site location: difference Fourier 

Refinement 

Refinement on F~ 

Supplement materials 

Least-squares 'matrix: full 

S = 1.03 

45 17 reflections 

Least-squares matrix: full 

R[F~  > 20(F2)] = 0.073 

S = 1.03 

45 17 reflections 

280 parameters 280 parameters 

Primary atom site location: structure-invariant Primary atom site location: structure-invariant 

direct'methods direct methods 

Special details 



Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two 1.s. planes) 

are estimated using the full covariance mat-rix. The cell e.s.d.'s are taken into account 

individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 

between e.s.d.'s in cell parameters are only used when they are defined by crystal 

symmetry. An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s 

involving 1.s. planes. Refinement. Refinement of F~ against ALL reflections. The weighted 

R-factor wR and goodness of fit S are based on F ~ ,  conventional R-factors R are based on F, 

with F set to zero for negative F ~ .  The threshold expression of F~ > o(F2) is used only for 

calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 

R-factors based on F~ are statistically about twice as large as those based on F, and R- 

factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 

(n2> 

x Y z uiso*"eq Occ. ( 4 )  

CI1 -0.0092 (2) 0.94025 (12) 0.19402 (15) 0.1046 (6) 

01 -0.8374 (3) 1.51951 (18) 0.18363 (16) 0.0442 (5) 

0 2  -0.9243 (3) 1.73457 (19) -0.06269 (18) 0.0533 (6) 

0 3  -0.6183 (4) 1.28373 (19) -0.00847 (1 8) 0.0569 (7) 

0 4  -0.5595 (4) 1 SO44 (2) -0.3766 1 (1 8) 0.0593 (7) 
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Atomic displacement parameters (a 2) 
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Calculation of %Topoisomerase I1 inhibition 

Compounds 

Doxorubicin 

Etoposide 

1 

2 

3 .  

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

R 

- 
- 

- 
- 
- 

C1 

OH 

N& 

OMe 

H 

cN1. 
0 

iH2 (11 
H 

H O - ~ ~ O H  

6 
H cNH2 
rNH2 
~ N H 2  

H 

% top I1 Inhibition 

- 
85 

87 

91 

85 

80 

56 

83 

80 

97 

75 

89 

78 

.84 

9 1 

8 1 

84 



%Topoisomerase I1 inhtbition of Etoposide 

Topoisomerase I1 cause relaxation 48%, we assumed that it leads to relaxation 100% 

Therefore, Etoposide cause relaxation 15%, we assumed that it leads to relaxation 

(100% x 15%)/ 48% = 13.25% 

%Topoisomerase11 inhibition = 100- %relaxation 

Consequently Etoposide results in topoisomerase I1 inhibition (100-13.25) = 68.75% 

Calculation for 6-deoxyclitoriacetal derivatives as followed like this. 
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