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Abstract 
This project investigated the development of novel anticancer agents 

with good efficacy and selectivity. Cryptolepine is an alkaloid found in the 

roots of West African climbing shrub species including Cryptolepis triangu

laris and Cryptolepis sanguinolenta. Cryptolepine is 5-methyl-10H-indolo [3, 

2-b]quinolone, and was first identified as an antimalarial agent, but also acts 

as an anti-cancer agent by intercalating into DNA and also inhibiting topoi

somerase II and other key enzymes. Studies elsewhere have shown the 

mode of action of cryptolepine in vitro appears to be unaffected by drug re

sistance mechanisms identified. In this project a number Cryptolepine ana

logues have been made, modifying key positions in order to enhance DNA 

binding. The aim of this study was to attach halogens (F, CI, Br and I) and 

alkyl amino or amido side chains at the 11-position and then test these mole

cules for anticancer activity. It was anticipated that these nitrogen containing 

side chains might interact with the sugar-phosphate backbone of DNA to give 

improved binding and hence interfering with topoisomerase II and related 

enzymes such as helicase and hence enhancing cytotoxicity. Fluorescence 

microscopy was used to investigate whether the derivatives reach the cell 

nucleus. 

In conclusion, these studies have shown that novel amino- and halogenated 

cryptolepine analogues have greater in vitro cytotoxicity than the parent 

compound and are important lead compounds in the development of novel 

potent and selective indoloquinone anti-neoplastic agents. 
ix 
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Chapter 1 Introduction 

1.1 Cancer 

Cancer is a widespread disease occurring throughout the world caus-

ing millions to die. According to recent cancer statistical reports, to date more 

than 200 different types of cancer have been identified along with disease 

specific causes, symptoms and therapies. 

Estimated age-standardised incidence rate per 100,000 
All cancers excl. non-melanoma skin cancer: both sexes, all ages 

• 

• < 103.1 . < 128.4 < 159.1 • < 218.9 • < 326.1 

GLOBOCAN 2008 (IARC) • 19.8.2013 

Figure 1.1 Cancer incidence in men and women worldwide (The Inter
national Agency for Research on Cancer GLOBOCAN, 2008) 

According to the International Agency for Research on Cancer, the incidence 

is higher in developed countries including the UK, USA, and Australia than in 
1 
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developing countries for example the Indian subcontinent and in Africa (Fig-

ure 1.1) (The International Agency for Research on Cancer GLOBOCAN, 

2008).When it comes to overall number of cancer deaths, it is higher in de-

veloped countries. Across the world more men die than women (Figure 1.2). 

Estimated age-standardised mortality rate per 100,000 
All cancers excl. non-melanoma skin cancer: both sexes, all ages 

• < 79.3 • < 89.2 < 101 .4 • < 114.9 • < 185.2 

GloeocAN 2008 (IARC) - 20.8.2013 

Figure 1.2 Death rates from cancer per 100,000 population worldwide, 
sex: both men and women, (The International Agency for Research on 
Cancer GLOBOCAN, 2008) 

According to the WHO, in 2008, 7.6 million people died of cancer which is 

13% of all deaths worldwide. Cancer deaths are likely to continue increasing 

with an estimate of 13.1 million worldwide by 2030. 70% of all cancer deaths 

worldwide are from economically poor countries. 

In the UK, 156 000 cancer deaths were recorded in 2008 rising to 157 275 in 

2010. These account for one in four of all deaths (Cancer Research UK sta-

tistical reports, 2008 and 2010). According to Cancer Research UK, males 

2 
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are more prone to developing cancer than females and men are 37% more 

likely to die from the disease. Recent data shows that a new-born male's life 

time risk of cancer is expected to reach 50% by the year 2027, whereas for 

females it is expected to be only 40-44%. Of particular note, data from May 

2014 shows that over the past 35 years, incidence of prostate cancer has 

tripled in the UK (Cancer research UK, May 2014). In females more deaths 

are occurring from breast, lung and colorectal cancer (Figure 1.3). 

UK Rank 

Breast 16 (2nd) 

Lung 21 (1 st) 

Colorectum 10 (3rd) 

Cervix (16th) 

Stomach (8th) 

Liver (14th) 

Ovary 6 (4th) 

Oesophagus (6th) 

Pancreas 5 (5th) 

Leukaemia (9th) 

All others 27 30 

. world(%) uk(%) 

Figure 1.3 The top most common female cancer deaths worldwide 
compared to UK (The International Agency for Research on Cancer 
GLOBOCAN, 2008) 

Whereas men are more prone to die from lung, liver and stomach cancer 

(Figure 1.4) (The International Agency for Research on Cancer GLOBOCAN, 

2008). Interestingly, because of recent advancements in cancer therapies 

and treatment options, the total number of deaths from cancer are likely to 

fall by 17% by 2030 (Cancer Research UK statistical reports, 2012). 

3 
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UK Rank 

24 (1 st) 

Liver 2 (12th) 

Stomach 4 (7th) 

Colorectum 11 (3rd) 

Oesophagus 6 (4th) 

Prostate 12 (2nd) 

Leukaemia 3 (8th) 
j 

Pancreas I 5 (5th) 
~ 

Bladder I 4 (6th) 

NHL 1 3 (9th) 

All others 23 25 

. world(%) uk(%) 

Figure 1.4 The top most common male cancer deaths worldwide com
pared to UK (The International Agency for Research on Cancer GLO
BOGAN, 2008) 

1.2 Treatment options 

The ultimate aims of cancer treatments are a complete cure or increasing the 

survival time for patients suffering from advanced stage disease. There are 

three main ways of treating cancer. 

1.2.1 Surgery 

Surgery has the most prominent role in the treatment of cancer (King and 

Primrose , 2003) .. In terms of curing the disease, it is the most effective 

treatment. There are several clinical conditions which are closely associated 

with development of malignancy for example ulcerative colitis or cryptorchi-

dism. Surgery will be the first line treatment of such conditions thus limiting 

the chances of cancers forming (King and Primrose, 2003). 

In recent years surgical procedures have been developed in such a way that 

the normal appearance and functioning of the affected organ can be pre-

4 
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served. This has led to an increase in the number of patients undergoing 

surgery for cancer (King and Primrose, 2003). 

1.2.2 Radiation therapy 

The effectiveness of radiation therapy is linked to its action on DNA. Applied 

gamma radiation introduces DNA strand breaks in cancer cells. The radiation 

absorbed by the cells immediately ionises atoms and raises them to excited 

states, these in tum form highly reactive free radicals which interact with cel

lular contents, including nucleic acids. It is important that the planning of the 

radiation therapy is done carefully. This is based on the tumour volume and 

the uniform dose of radiation required for the treatment so that the normal 

tissue damage will be minimised (Falk, 2006). In radiation therapy, along with 

the cancer cells, normal cells also absorb radiation so damage occurs to 

both. However cancer cells lack control when it comes to division and do not 

maintain the essential cell cycle check points. Whereas normal cells would 

not divide under these circumstances, the cancer cells continue to do so and 

eventually many of them undergo apoptosis due to the DNA damage done by 

the radiation (Palayoor et al., 1995). Radiation therapy can be used both in

ternally (brachy therapy) and externally (external beam radiation therapy) 

(Falk, 2006). 

Despite the developments in surgical and chemotherapies, radiation therapy 

is still a valuable choice for anticancer treatment. Up to a 50% of all cancer 

patients will receive radiation therapy at some stage of the disease (Falk, 

2006). 

5 
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1.2.3 Chemotherapy 

As well as treatments by surgery and radiation, chemotherapy also has a 

major role to play in the cure and control of a wide range of cancerous mali

gnancies. Some cancers are chemo-sensitive and can be cured using 

chemotherapy (Falk, 2006). 

However, a complete cure will only be achieved when the tumours are 

treated with a combination of chemotherapeutic agents. For example the 

gemcitabine-cisplatin combination is used to treat pancreatic and ovarian 

cancers (Parnell and WolI, 2003). 

Despite the number of chemotherapeutic drugs available, due to resistance 

mechanisms in cancer cells and a lack of efficacy, there is always a need to 

develop new anticancer therapies. Most commercially available potent anti

cancer agents are targeted directly to DNA or its associated enzymes res

ponsible for replication such as topoisomerase II (Louvet et al., 2002). 

In the past two decades, more research has been focussed on developing 

cytotoxic agents which selectively target cancer cells and do not affect 

healthy cells. The major disadvantages of chemotherapy include bone mar

row suppression, nervous system damage, hair loss and infertility (Pal

chaudhuri and Hergenrother, 2007a). 

1.3 Structure of DNA 

Nucleic acids, key targets for chemotherapies, include DNA and RNA which 

are long thread-like polymer structures made up of a sequence of monomers 

called nucleotides. The number of nucleotides present in a nucleic acid va-

6 
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ries from 80 in tRNA to 108 in one eukaryotic chromosome. Nucleotides are 

made up of phosphate esters of nucleosides. 

I-o 5' 

3' ./--0 
I 
p 

0--:/1 ' 0-
o 

o 
5' -L 

Figure 1,5 Showing how the nucleotides are linked via their phosphate 
groups to form nucleic acid strands. The strands are then held together 
by hydrogen bonds (dotted in the structure) (Blackburn, 2006), 

The latter contain two fundamental components: a heterocyclic base and a 

sugar (pentose), Usually the purines: adenine (A) and guanine (G) and the 

pyrimidines; cytOSine (C), thiamine (T) and uracil (U) are the bases, deoxyri-

7 
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bose or ribose is the sugar. In DNA these bases recognise each other and 

exist as pairs joined by hydrogen bonding. Adenine pairs with thymine and 

guanine joins with cytosine to establish structure of DNA (Figure 1.5) (Black-

burn. 2006). 

Minor aroove 

Major groove 

Figure 1.6 Showing minor and major grooves of DNA redrawn from (Na
rayana and Weiss, 2009) 
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In DNA two chains of nucleotides are joined in antiparallel fashion with hy

drogen bonds between bases and twisted as a helix. This gives raise to the 

formation of grooves. Where the phosphate backbones of two stands are far 

apart, the space inside the groove is larger so it is named the major groove 

whereas, the minor grove arises where the phosphate backbones are closer 

in the DNA double helix (Figure 1.6) (Blackburn, 2006; Narayana and Weiss, 

2009). 

As the major groove has more open space it offers access to more functional 

groups on the DNA bases. Generally DNA binding proteins interact in a se

quence-specific fashion in this groove (Blackburn, 2006). 

On the other hand the minor groove allows the binding of small molecules. as 

it offers better Van der Waals interactions. Generally, apart from intercalators 

which prefer GC rich sequences, ligands which bind at the minor groove pre

fer AT rich sequences. Major and minor groves have distinct hydrogen bon

ding potential, size, shape, electrostatic potential and degrees of hydration 

(Blackburn, 2006). 

1.4 Anticancer drugs 

1.4.1 Drugs acting on DNA 

1.4.1.1 Alkylating agents 

Alkylating agents are highly electrophilic molecules that are capable of cova

lently binding with electron rich nucleophilic groups on biological molecules 

such as DNA bases. Various groups of organic molecules which include ni

trogen mustards, ethylene imines and methanesulfonates come under this 

category. These compounds are mostly simple structures with high reactivity 

9 
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towards nucleic acids, a key cancer target; which makes them suitable can-

didates as cytotoxic agents (Brookes and Lawley, 1964). Compounds with 

two alkylating functional groups (Figure 1.7 and 1.8) can cause cross linking 

of DNA which affects its replication and transcription and hence causes cyto-

toxicity. 

CI~N~CI 

I 

Figure 1.7 Mechlorethamine Figure 1.8 Cyclophosphamide 

The major drawback of alkylating drugs is that they themselves are carcino-

gens and can affect healthy tissues (Brookes and Lawley, 1961). Nitrogen 

mustards have a common bis(2-chloroethyl)amino moiety. At physiological 

pH, the strong negative inductive effect caused by the two chlorine atoms 

decreases the basic strength of the nitrogen dramatically; which enables the 

intramolecular displacement of chlorine to form an aziridinium by the lone 

pair of electrons present on the nitrogen (Figure 1.9). 

This electrophilic species establishes a covalent link, usually with the nucleo-

philic N7 position of guanine which leads to mispairing of bases and hence to 

mutagenesis. In addition, the other chloro group can make another aziridine 

and then can react with the next nearest guanine to form inter- or intra-strand 

cross links (guanine-guanine) resulting in disruption of DNA replication and 

transcription. This causes cells to undergo apoptosis. Nitrogen mustards are 

10 
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used in the treatment of haematological malignancies, ovarian cancers and 

refractory prostate cancers (Brookes and Lawley, 1964). 

Figure 1.9 DNA alkylation by mechlorethamine (Hubbard and Fidanze, 
2007) 

Cyclophosphamide (Figure 1.8) is a pro-drug activated by CYP450, a liver 

oxidase enzyme and then the metabolites produced reach the tumour cells 

via the blood-stream. The two metabolites, phosphoramide and acrolein , are 

produced in an equimolar ratio (Figure 1.10). 

11 
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H 0 

H 

zr ~H+ H 
NH NH 2 

O- P::::::O CYP450 / Co-p~ I O- P::::::O 

f N\ I I 

c,f Nl C' f N 
C CI l CI 

CI / 
- 0 ~ 0 

\ + H~ P N 
/ .:so ~ H2N 

Phosphoramide 
CI Acrolein 

Figure 1 .10 Generation of the active alkylating agents from cyclophos
phamide (Hubbard and Fidanze, 2007) 

Cyclophosphamide itself is inactive because of the electron withdrawing ef

fect caused by the P=O bond preventing the formation of the aziridinium. La-

ter, once it is converted to phosphoramide, the negative charge on the oxy-

gen balances the electron withdrawing effect of P=O which allows the activa-

tion to aziridinium ion (Avendano and Menendez, 2008). 

In addition, the nucleophilicity of nitrogen on this active metabolite is hindered 

by the phosphoramide, which make it less reactive than meclorethamine, 

hence it is less likely to be hydrolysed and can only react with stronger nu-

cleophiles such as guanine. 

12 
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Phosphoramide is the main anticancer mustard whereas acrolein is thought 

to be to the reason for the toxic side effects including hematuria, syndrome of 

inappropriate antidiuretic hormone and slow-healing of existing wounds (An-

derson et al., 1995). 

1.4.1.1.1 Carbazines 

These drugs produce an intermediate methyldiazonium ion and/or a methyl 

free radical which can alkylate DNA or RNA which then leads to their disinte-

gration. This action was first reported in 1960 which led to synthesis of a 

range of prodrugs of the methyldiazonium ion. Procarbazine (Figure 1.11) 

and dacarbazine (Figure 1.112) belong to this class. 

Figure 1.11 Procarbazine Figure 1.12 Dacarbazine 

Alkylation occurs at the 06, C8 or N7-positions of guanine, and then this 

pairs up with thymine causing mismatched pairs which ultimately leads to cell 

death through gene mutations. Of particular note, patients who are able to 

repair this mispairing by transferring the methyl group to a cysteine residue 

may show resistance to these drugs. Whereas those who underexpress al-

kyltransferase will respond well to the treatment with carbazines (Faye, Lem-

ke and Williams. 2008). 

13 
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procarbazine 

N ~ 
./ " NH 

J 

azocarbazine 

y 
H N -:;:/0 

CYP1A12B 

H . + N2 + CH3 (methyl radical) 

J 
Guanine alkylation at 06, C8 and N7 

Introduction 

CYP450 

y 
HN 

(methyl diazonium ion) 

! 
Guanine alkylation at 06 and N7 

Figure 1.13 Generation of the active alkylating agent from procarbazine 
(Anderson et a/., 1995) (Avendano and Menendez, 2008; Foye, Lemke 
and Williams, 2008) 
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Metabolism of procarbazine, involves the enzymes CYP1A or CYP2B. Once 

the procarbazine is converted to azoprocarbazine, these liver enzymes come 

in to action to produce methyhydrazine from azoprocarbazine by benzylic 

oxidation which then forms a methyl radical via a methyldiazine intermediate. 

This radical then alkylates guanine at the 06, C8 and N7 -positions. On the 

other hand, a methydiazonium ion is formed via CYP450 which can also alky

late the DNA (Figure 1.13) (Avendano and Menendez, 2008; Foye, Lemke 

and Williams, 2008; Sullivan and Wong, 1977). 

In contrast triazines including dacabazine methylate DNA predominantly via 

diazomethane formation. Their metabolic activation is dependent on 

CYP1 A 1, CYP1 A2 and CYP2E1. These drugs mainly alkylate guanine at the 

06 and N7-positions (Foye, Lemke and Williams, 2008; Sullivan and Wong, 

1977). 

1.4.1.1.2 Platinum derivatives 

Cisplatin (Figure 1.14) alkylates DNA irreversibly and forms adducts. In res

ponse, cells activate signal transduction pathways that arrest the cell cycle 

and cause apoptosis (Eastman, 1990). It platinates the DNA via intra-strand 

cross linking at d(ApG), d(GpNpG), d(GpG) and inter-strand cross linking at 

d(GpG) sites of DNA (Figure 1.15) (Valentini ef al., 2006). The adducts 

formed stop the action of DNA polymerase when they are present in the lag

ging strand (Fedier and Fink, 2004). Cells have a defence mechanism which 

repairs the DNA by removing the platinum-DNA adducts with the help of the 

nucleotide excision repair mechanism (NER) (Eastman, 1990). 
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o 

Cisplatin oxaliplatin Carboplatin 

Figure 1 .14 Showing different platinum compounds 

H3N NH3 '" / Pt 2+ 

/\ -f-G-

-C-c- -T-C-

Intrastrand d(GpG) adduct Intrastrand d(ApG) adduct 

-C-N-C-

Intrastrand d(GpNpG) adduct Inter-strand d(GpG) crosslink 

Figure 1.15 Showing interactions of cisplatin with DNA (where p is 
phosphate group and N is any DNA base) 

It has also been demonstrated that increased activity of NER may lead to the 

decreased sensitivity of tumours to cisplatin (Zamble et al., 1996). 

Oxaliplatin (Figure 1.14) is a more recent platinum containing anticancer 

agent that is more potent than cisplatin. This is due to the presence of the 
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diaminocyclohexane group which interacts at the major groove of DNA to 

form d(GpTpG) intra-strand cross links (Figure 1.15, where N is T) (Valentini 

et al., 2006). 

Mode of action of carboplatin is same as cisplatin, forming cross links with 

Guanine in DNA but it causes lower nephrotoxicity because of the dicarboxy

late ligands, which enables its excretion (Avendano and Menendez, 2008). 

The main advantage of oxaplatin is that the DNA adducts will not be reco

gnised by the DNA mismatch repair system (MMR). The protiens involved in 

this repair mechanism only recognise the 1, 2 intra-strand d(GpG) adducts 

but not the 1,3 intra-strand adducts. This is the main reason for its use 

against cisplatin resistant tumours (Valentini et al., 2006; Sergent et al., 

2002). 

1.4.2 Antimetabolites 

These drugs act by inhibiting the enzymes responsible for the synthesis of 

DNA or its bases. This leads to the disruption of DNA functioning or synthesis 

of abnormal DNA structures which causes apoptosis of the cell to occur. 

1.4.2.1 Folate antagonists 

These drugs inhibit the enzyme dihydrofolate reductase (DHFR) which is 

responsible for the maintenance of the enzyme-cofactor tetrahydrofolate 

(TH4) (Figure 1.16) which is a single carbon carrier for the biosynthesis of 

DNA (Figure 1.17) (Patrick, 2009). In the absence of TH4, DNA synthesis will 

slow down which in turn leads to slow prOliferation of tumour cells (Rubino, 

2001). Methotrexate (Figure 1.18) is an example of this class. 
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Methotrexate (Figure 1.18) resembles the structure of folic acid; the only dif-

ference is the presence of amino group at the C4 position instead of OH. It 

binds to dihydrofolatereductase (OHFR) and hence prevents the conversion 

of folic acid to dihydrofolate (TH2) and then to tetrahydrofolate (TH4) (Figure 

1.16). 

Ar Ar Ar 

:r
o N~HN/:):O N~HN/ :):0 Ny HN/ HN I ~ _ HN "-':: _ HN 

HN~ ~ HN~~ N HN~~ N 
2 2 H 2 H 

Folic acid 

Ar= 

Dihydrofolate(TH2) 

HO 
H 
~N III" " 

!~b 

Tetrahydrofolate(TH4) 

H 

° OH 
Figure 1 .16 Showing conversion of folic acid to tetrahydrofolate 
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Figure 1.17 Showing mode of action of methotrexate 

o 

\~N 
_ N N~ 
~Y - 0 

OH 

Figure 1 .18 Methotrexate 

This inhibition of a critical enzyme leads to the reduction of DNA synthesis 

and hence impaired tumour growth. Methotrexate is selective towards cancer 

cells over normal cells becuse halting DNA synthesis has more effect on ra-

pidly dividing cancer cells (Halpern et al., 1975). 

19 



Introduction 

Upon entering the cell, methotrexate is converted to polyglutamated metho-

trexate by polyglutamase synthase. This conversion makes it difficult to 

transport methotrexate across the cell membrane and therefore the half-life 

of the drug will be increased inside the cell (Genestier et al., 2000). These 

polyglutamated conjugates not only inhibit DHFR but also other folate de-

pendent enzymes such as thymidylate synthase. Lack of this polyglutamation 

in cancer cells is one of the key reasons of drug resistance to methotrexate 

(Rubino, 2001; Genestier et al., 2000) 

1.4.2.2 Purine antagonists 

These drugs are similar to the biological purines, adenine or guanine. They 

include mercaptopurine (Figure 1.19) and azathioprine (Figure 1.20) which 

can enter the cell where they get converted to non-natural nucleoside mono-

phosphates and then inhibit purine synthesis at several pOints. They can also 

insert into DNA and RNA which then leads to malfunctioning of DNA or RNA 

for example 6-mercaptopurine (Figure 1.19) is converted to thio-guanosine 

triphosphate (thio-GTP) (Figure 1.21) which will incorporate into DNA and 

hence cause apoptosis of the cell (LePage, 1977). 

Figure 1.19 6-Mercaptopurine (6-MP) Figure 1 .20 Azathioprine 
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Figure 1.21 Thio-GTP 

1.4.2.3 Thymidylate synthase inhibitors 

( Deoxyribose uracil 

mono phosphate 

S-f1uorouradl 
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( y O 
~NH 

o 

Introduction 

r-
Deoxyribose thymidine 

• monophsphate 

Figure 1.22 Showing mode of action of -5-Fluorouracil 

5-Fluorouracil (Figure 1.22) halts the convertion of deoxyuridine monophos-

phate (dUMP) into deoxythymidine monophosphate (dTMP) (Figure 1.22) by 
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inhibiting the enzyme thymidylate synthase through formation of a suicide 

substrate (Figure 1.23) 

X= F or H 

H 

H2NY7N Nl H HN I X 
N ~ 0 

o Y--R · HN I 

EnZYme-s~;C+ \ 0 iH oeoxyribosep:: J 
(thymidylate synthase) ~ 

N 0 

I 
Deoxyribose P 

Reaction halted 

H 

H2NY7N N1-
HN I ~ H 

N '\ 

~ --NH dTMP + FH2 -.. ------
o + \ 

- H+ R 
N 

Deoxyribose Phosphate / )..-N 

o H 

o 

Figure 1.23 Showing the mechanism of action of 5-fluorouracil (Patrick, 
2013; Longley et al. , 2003) 

As shown in Figure 1.23 in vivo, the prodrug is activated by the addition of 

deoxyribose phosphate to give a nucleotide. In the next step the tetrahydrofo-

late reacts with the uracil moiety by forming a covalent bond. 

In the case of uracil as a substrate, a proton is lost from the uracil moiety, 

whereas 5-fluorouracil has a fluorine atom instead. As this cannot form F+ it 
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is bound to the enzyme irreversibly. This leads to the cessation of thymidine 

synthesis ultimately terminating the production of DNA and hence leading to 

cell death (Pinedo and Peters, 1988; Ghoshal and Jacob, 1997; Patrick, 

2013). 

1.4.2.4 Ribonuc1eotidereductase inhibitors 

The enzyme ribonucleotidsereductase converts ribonucleotide phosphates to 

deoxyribonucleotide phosphates. Its inhibition by hydroxyurea stops this con-

version (Figure 1.24) there by it inhibits the DNA synthesis which ultimately 

lead to cell death. Hydoxyurea can be taken orally in the therapy of cervical 

and neck cancers. The major disadvantage of this drug is that it can cause 

drug resistance as cells start to express greater amounts of the reductase 

(Elford et al. , 1979; Shao et al., 2006; Sinclair, 1981). 

Ribo
nucleotide 
phosphate 

Inhibits 

reductase 

Figure 1.24 Mode of action of hydroxyurea 

Hydroxyurea 

Deoxyribo
nucleotide 
phosphate 

23 



In troduction 

1.4.3 Vinca alkaloids 

Microtubules are heterodimeric proteins made of alpha and beta tubulin 

which form protofilaments during mitosis, which then assemble to form tube 

like structures hence the name micro-tubules. 

Anti-mitotic 
drug 

Death in interphase 

Death in mitosis 

Figure 1 .25 showing results of an antimitotic drug (vinca alkaloids and 
taxanes) action on cell (Gascoigne and Taylor, 2009) 

The dynamics of polymerisation and depolymerisation are important to form 

and dissemble the mitotic spindle, which enables capture and alignment of 

the chromosomes to facilitate cell division (Jordan and Wilson, 2004; Tsu-

kidate et al. , 1993; Rai and Wolff, 1997). Polymerisation involves hydrolysis 

of GTP bound to the tubulin, hence inhibition of this process results in impro

per division or apoptosis (Figure 1.24). 

Vinca alkaloids (Figure 1 .26) are phytochemicals isolated from the plant 

known as catharanthus rose us, also known as periwinkle (da Rocha et al., 
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2001). Vincristine (Figure 1.26), vinblastine, vindesine and vinorelbine are 

typical vinca alkaloids. They inhibit tubulin polymerisation by directly binding 

to tubulin at a region adjacent to the GTP binding site in dividing cells. 

vincristine R = CHO, vinblastine R= CH3 

Figure 1 .26 Vinca alkaloids 

1.4.4 Taxanes 

In contrast to vinka alkaloids, this class of anticancer agents act by inhibiting 

tubulin depolymerisation (McGrogan et al., 2008; Maccari et al., 2003). The 

main compounds of this class are placitaxel (Figure 1 .27) and docitaxel. 

Paclitaxel shows very good anticancer activity and was first approved by the 

FDA in 1992 for breast and ovarian cancer therapy (Ojima et al., 1994). The 

main problem with these drugs is that they cannot be taken by the oral route 

as they have poor bioavailability (Jibodh et al., 2013). Currently research is 

being carried out to increase the bioavailability of these compounds by ma

king pharmaceutical formulations including nanoparticles and polyester ba

sed micelles (Jung et al., 2012; Gaucher et al., 2010). 
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Another drawback of these drugs is that they can cause multidrug resistance 

via amplification of membrane phosphoglycoproteins which act as efflux 

pumps for the drug leading to cross drug resistance to bulky natural cytotoxic 

agents (Horwitz et al., 1993). Formulations have been made in a view to re

duce this resistance using polyethylated castor oil and tween 20 which 

showed a reduction in the restistance occurance(Webster et al., 1993; 

Rischin et al. , 1996). 

o~ 
o 

o 

Figure 1 .27 Paclitaxel 

1.4.5 Camptothecin analogues 

Camptothecin (Figure 1.28) is a phytochemical obtained from the Chinese 

bush, camptotheaca acuminate and its analogues are non-intercalating anti

cancer agents that inhibit the topoisomerase I enzyme (Rivory and Robert, 

1995; Lu et al., 2014) . 
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Topotecan (Figure 1.28) and irinotecan are semisynthetic analogues of 

camptothecin which have greater aqueous solubility and less toxicity compa-

red to the parent compound (Lv et al., 2013). 

x 

o 

X=H X=OH 

Y=H Y=H 

Z=H Z=H 

camptothecin topotecan irinotecan 

Figure 1.28 Showing camptothecin analogues 

The topoisomerase I enzyme (tapa I) catalyses the relaxation of superhelical 

twists in DNA (Wang, 1996). As shown in the Figure 1.28 topo I cleaves 

DNA then campotethicin binds to the cleaved tapa I-DNA complex thereby 

preventing the relegation of the DNA leaving breaks in the DNA fork which is 

lethal to dividing cells (Hsiang et al., 1989). Based on this mechanism, levels 

of topo I in cells may be a critical parameter in the drug potency. Tapa I is 

expressed abundantly in both dividing and normal cells unlike the Tapa II 

enzyme which is over expressed in proliferating cells, this might be the rea-
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son behind the toxicity of camptothecin to the healthy cells. (Li et al., 1972; 

Horwitz and Horwitz, 1973). 

Figure 1.29 showing the mode of action of camptothecin, where C is 
camptothecin, and oval shape is enzyme topo I (Hsiang et al., 1989) 
(Baran Group Meeting 9/26/2007), (C= camptothecin). 

1.4.6 Drugs of other classes 

1.4.6.1 L-Asparaginase 

This drug is mainly used to treat leukaemia. Genetic mutations cause cells to 

produce non-functional enzymes therefore the essential cellular functions will 

be affected. In leukemic patients, leucocytes lose the capacity to synthesise 

the important amino acid asparagine so they have to get it from the blood 

supply. Asparaginase degrades the amino acid asparagine in the blood circu

lation making it less available for the cancer cells causing them to undergo 

apoptosis (AVRAMIS, 2012; Capizzi et al., 1970). Side effects of this drug 

include pancreatitis, thrombosis, liver toxicity and allergy (Rytting, 2012). 
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Lyophilisate of the enzyme is delivered as an intramuscular or subcutaneous 

injection. 

1.4.6.2 Drugs altering hormonal actions 

Errors in DNA replication create gene mutations, in oncogenes (eg. SRCA 1, 

SRCA2 in breast) these mutations lead to malignant cell types. Hormonal 

stimuli of these particular cells continue to support cell proliferation as the 

malignancy progresses (Figure 1.30) (Henderson and Feigelson, 2000). 

Ovary 

Genetic variation 

Liver 

Growth factors? 
(/GF1, IGFBP3) 

Oestradiol and progesterone 
(CYP17, CYP19. HSD17B1) 

Normal 
epithelial cell 

Germline mutation 
(TP53, BReA 1, BRCA2) 

Genetic errors 
accumulate 
during cell division 
(TP53, ERBB2) 

Figure 1.30 Showing cell proliferation control mechanism and involve
ment of different hormones and growth factors. ((Kolonel et al. , 2004) 
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Anti-hormonal drugs including tamoxifen (Figure 1.31) and fluvestrant (Figure 

1 .32) slow this process by binding to corresponding hormonal receptors and 

blocking the binding of hormones therefore they reduce the malignant cell 

proliferation. They are not cytotoxic but reduce growth of the tumour. The 

major types of cancers which respond to hormonal activity are; breast, pros-

tate, testis, ovarian, thyroid endometrial and bone (Henderson and Feigelson, 

2000). 

I 
O~N"" 

Figure 1.31 Tamoxifen 

OH 

OH 

Figure 1.32 Fluvestrant 
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1.4.6.3 Aromatase inhibitors 

The aromatase enzyme converts androgens into oestrogens in the body. It is 

required in the last stage of the biosynthesis of oestrogens from androgens. 

Aromatase inhibitors are mainly used in the treatment of anti-oestrogen resis-

tant (caused by increased expression of oestrogen receptors) hormone-

dependent breast cancer as a second line choice (Wood et al., 2003; Goss 

and Strasser, 2001). Letrozole (Figure 1.33) and anastazole (Figure 1.334) 

are potent drugs in this class selectively inhibiting aromatase. 

N 

II 

Figure 1 .33 Letrozole Figure 1 .34 Anastrozole 

1.4.7 Topoisomerase inhibitors and poisons 

1.4.7.1 Introduction to topoisomerases 

DNA replication is an important process on which cell proliferation is depen-

dent. Replication of DNA is associated with the functions of many intracellular 

enzymes including the topoisomerases, which play a vital role in DNA re-

plication and transcription by unwinding complex higher order structures (su-

per-coiled or knotted) to allow DNA to be replicated (Figure 1.35). Broadly, 

there are two classes of topoisomerases: topoisomerase I and topoisome-

31 



Introduction 

rase II. The latter is an enzyme that decatenates the intact double stranded 

DNA, whereas topo I relaxes DNA by cutting and re-joining a single strand 

(Champoux, 2001). Topoisomerase II is a major target for anticancer activity 

(Kellner et al., 2002). In the last 10 years many papers have been published 

on this topic including production of libraries of to po II inhibitors based on 

aSAR studies (Salerno et al. , 2010; Pogorelcnik et al., 2013; Rogojina et al., 

2012; Bailly, 2012). 

Topo II 

• 

Figure 1.35 Showing relaxation of supercoiled and knotted DNA by 
topoisomerase II (Nitiss, 2009) 

1.4.7.2 The topoisomerase catalytic cycle 

As shown in Figure 1.36 the topoisomerase II dimer contains three functional 

parts; ATPase (yellow), cleavage (buff) and C-terminal (Blue) (Kellner et al. , 

2002). Enzyme catalysis starts with the binding of topo II with its DNA subs-

trate which does not require ATP. Unfortunately nucleic acid selectivity of 

topo II is still unknown (Burden and Osheroff, 1998). This interaction is main-

Iy dependent on the sequence and topological structure of DNA (Burden and 

Osheroff, 1998). Then the enzyme cleaves a double stranded piece of DNA 

(the gate or G segment) (Kellner et al. , 2002). Then two molecules of ATP 

bind to the enzyme causing a conformational change in its structure which 

initiates the other section of double stranded DNA (transported segment or T 

32 



Introduction 

segment) to cross through the gap created in the gate DNA (Kellner et al., 

2002; Lindsley and Wang, 1991). Then the gap will be bridged to reform the 

original DNA (Kellner et al., 2002; Stuchinskaya et al., 2009; Berger et al., 

1996). In the final step topo II hydrolyses ATP causing the release of DNA 

products and the enzyme is recycled (Lindsley and Wang, 1991; Miller et al., 

1981). The Figure 1.36 also shows where different topo II inhibitors act on 

the enzyme catalytic cycle. 

G-segment 

N-gate 
Novobiocin 

A1: 
.....------./ ICRF-193 

Amsacrine 
Etoposide 

Merbarone I T-segment 

Figure 1 .36 Mode of action of topoisomerase II and pOints of action of 
drug molecules (modified) (Berger et al., 1996; Larsen et al., 2003) 

1.4.7.3 Topoisomerase II catalytic Inhibitors 

Compounds including ICRF-193 (Figure 1.37), merbarone (Figure 1.38), no-

vobiocin (Figure 1.39) and suramin (Figure 1.40) belong to this class. De-
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pending on the structure, these inhibit different steps of the enzyme catalytic 

cycle and hence stop the enzyme from working. 

ICRF-193 (Figure 1.37) is a bisdioxopiperazine derivative which is a tapa II 

inhibitor but inert to topo I. According to Roca et al. (1994) it acts by conver-

ting the enzyme into a form which cannot bind to DNA. It also stabilises the 

ATP mediated non-covalent form of the enzyme-DNA complex (Roca et al., 

1994) which then inhibits the ATPase enzyme activity (Huang et al., 2001). 

Figure 1.37 ICRF-193 

Figure 1.38 Merbarone 
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Suramin (Figure 1.40) is an anionic compound which prevents the topo II en-

zyme from binding to DNA with an IC50 value of 5 ~M (Bojanowski et al., 

1992). Studies show that suramin also inhibits the growth factors including 

fibroblast growth factor and IGF, responsible for tumour growth. Clinical use 

of suramin gives side effects including neuropathy and lymphopenia (Larsen 

et al., 2003). 
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Chemically novobiocin (Figure 1.39) belongs to the family of coumarins. It 

acts as as topo II inhibitor by blocking the ATP binding site and hence halts 

the enzyme catalytic cycle (Gormley et al., 1996). 

Merbarone (Figure 1.38) is a thiobarbituric acid derivative. Though the site of 

action of the drug is not clear, it is suggested that the molecule interferes with 

the enzyme mediated DNA cleavage (Fortune and Osheroff, 1998). 

1.4.7.4 Topoisomerase II Poisons 

These molecules show cytotoxicity by stabilising the DNA-topoisomerase II 

covalent complex. Relegation of the cleaved DNA is prevented and hence 

making permanent double strand DNA breaks which ultimately leads to cell 

death. Etoposide (Figure 1.41) and mitoxantrone (Figure 1.42) are examples 

of this kind of topo II poisons. Etoposide is a semisynthetic analogue of the 

phytochemical epipodophyllotoxin (4' -demethylepipodophyllin benzylidene 

glucoside), which is also an isomer of another natural phytochemical, phodo-

phyllotoxin. Etoposide is used in the treatment of number of cancers such as 

lung and testicular. 

HO 

OH -
H H 

Figure 1.41 Etoposide 

36 



HO~N~ 
H 

Figure 1.42 Mitoxantrone 

H 
N 

OH 

H 

~N~OH 
N 
H 

Introduction 

It acts at the relegation step of topo II cycle preventing the rejoining of clea-

ved DNA strand. Etoposide is a poor water soluble drug and needs to be 

formulated with polysorbate 80 or polyethylene glycol to achieve the desired 

bioavailability (Hande, 1998). 

Mitoxantrone causes the to po II poisoning effect by stabilising the DNA-topo 

II complex. It can also inhibit the RNA polymerase during transcription. The 

main difference between etoposide and mitoxantrone is that mitoxantrone is 

a DNA-intercalating topo II poison whereas etoposide is not (Avendano and 

Menendez, 2008). Doxorubicin acts as a topo II pOison by forming a stable 

drug-DNA-topo II compex. In addition doxorubicin is a minor groove binder of 

DNA. 

The drawback of using topoisomerase poisons is that tumour cells can 

become resistant due to mutations occurring in the enzyme, which reduces 

the interaction between enzyme and drug. Amsacrine (Figure 1.43) and ellip-

ticine (Figure 1.44) are two other molecules which also act as topoisomerase 

II poisons. Amsacrine is clinically used in leukaemia (Louie and Issell, 1985). 
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0 -

Figure 1.43 Amsacrine Figure 1.44 Ellipticine 

1.4.8 Drugs which interact with DNA reversibly 

There are two types of reversible drug-DNA interactions observed in relation 

to anticancer activity. These are groove binding and intercalation. 

1.4.8.1 Groove binders 

Based on their binding location, molecules which groove-bind to DNA are 

classified into two groups; major or minor groove binders. Generally big 

molecules like proteins hydrogen bond in the major groove (see section 1.3). 

The donor, acceptor moieties and the specific orientation of the DNA at the 

binding site makes it different from minor groove binding (Hamilton and Arya, 

2012; Xiong and Sundaralingam, 2001) 

Figure 1.45 Adozelesin 
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Figure 1.46 Netropsin 

Most DNA minor groove binders have been shown to have good DNA-

sequence specificity. These compounds are non-symmetrical and are mostly 

curved in shape having different types of aromatic rings fused together. 

These structural features of the molecules allow them to bind at minor groove 

with the best fit. It is suggested that electrostatic and hydrophobic interac-

tions drive the binding. Further Van der Waals forces and hydrogen bonding 

between ligand and DNA helps the binding (Reddy et al., 1999). 

Minor groove binders are an important group of compounds in terms antican-

cer drug development as they serve as models of drug-DNA interactions. 

Though molecules including adozelesin (Figure 1.45) showed good in vitro 

anticancer activity, clinical use of that drug was hindered because of its mar-

ginal efficacy on metastatic breast cancer in phase II trials (Baraldi et al., 

2004). 
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Figure 1.47 DAPI (4',6-diamino-2-phenylindole) 

Distamycin, netropsin (Figure 1.46) and DAPI (4', 6-diamino-2-phenylindole) 

(Figure 1.47) are examples of minor groove-binders. In the last 20 years 

much progress has been made to increase the efficacy of these compounds, 

for example derivatives of distamycin have been investigated by attaching 

alkylamino sidechains and halogens in various positions in attempts to in

crease the anticancer activity and minimise side effects and toxicity to 

healthy tissues (Baraldi et al., 2004). 

Because of its fluorescent properties, DAPI is used as a nuclear specific cell

staining agent. It binds to DNA preferably to AT rich regions in the minor 

groove of the DNA (Tanious et al., 1992; Eriksson et al., 1993). It was used in 

the current project as nuclear stain (see section 3.9). 

1.4.8.2 Intercalators 

Intercalators are important reversible DNA binders, which are often studied 

for their anticancer activity. In 1961, Lerman investigated the interaction of 

acridine (Figure 1.48), acridine orange (Figure 1.49) and proflavine (Figure 

1.50) with DNA and stated that planar polycyclic aromatic compounds could 

intercalate into DNA (Lerman, 1961). Later, in 1965, Waring studied and cha

racterised the DNA-ethidium bromide complex using UV spectrophotometry 

(Waring, 1965). 
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Figure 1.48 Acridine Figure 1.49 Acridine orange 

Figure 1 .50 Proflavin 

A few years later, in 1968 Muller investigated the physico-chemical properties 

involved in the DNA intercalation of actinomycin D (Figure 1.51) and sug-

gested that the DNA sequence plays an important role in DNA-small mole

cule interactions (MOiler and Crothers, 1968). All of these studies have driven 

further research on polycyclic aromatic compounds as potential DNA-

intercalators. 

L-N-MeVal L-N-MeVal 
'Ser 'Ser 

I I 
L-Pro L-Pro 

'D-val 'D-va 
I I 

___ L-Thyr 0 L-Thyr 0 

Figure 1.51 Actinomycin D 
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According to Graves and Velea (2000) to be able to classify a molecule as a 

DNA intercalator, it should have three basic features. One is the molecule 

should be planar in order to be able to slip between the DNA base pairs, the 

second is that it should possess a positive charge so that it can interact with 

the negatively charged phosphate backbone and the third requirement is that 

it should be poly-aromatic compound to give the best geometrical overlap 

with the base pairs (Graves and Velea, 2000). 

Broadly, intercalators can be placed into two classes. One is parallel interca

lators which do not have additional bulky groups along their long axis and 

their aromatic system is relatively parallel to the base pairs (Comba and 

Boeyens, 2010). Molecules including eithidium bromide (Figure 1.52) and 

proflavine belong to this class. 

Figure 1 .52 Ethidium bromide 

Molecules of the second type are called perpendicular intercalators, which 

contain bulky functional groups on one or both sides of the molecule along 

the long axis (Figure 1.54). Long axis of these molecules will be perpendicu

lar to the basepairs at the intercalation site. Compounds including doxorubi

cin (Figure 1.53) and daunomycin belong to this group (Comba and Boeyens, 

2010). 
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OH 
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H HO 

Figure 1 .53 Doxorubicin 

Figure 1.54 Figure showing perpendicular intercalation of doxorubicin in 
to DNA, where green=guanine, yelIow=cytosine, red=adinine, 
blue=thiamine (Howerton et al. , 2003). 
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"The mechanism of DNA intercalation is similar to inclusion of a false coin 

into a roll of pennies" (Lerman, 1961). Planar molecules such as acridine slip 

between the base pairs by causing the extension of the DNA helical structure 

and shifting the bases from the binding site in the opposite direction along the 

long axis of DNA (Williams et al., 1992). 

When the insertion of the ligand occurs, the energy of the DNA-ligand com

plex is optimised through electrostatic and rr-stacking interactions (Martinez 

and Chacon-Garcia, 2005; Mukherjee et al., 2008). 

In 1992 Loren and his team proposed that, in parallel intercalation, DNA is 

unwound at the site of intercalation, and the DNA helix is also slightly dis

torted in the surrounding area of the intercalation. Whereas as in perpendicu

lar intercalation, unwinding of DNA talks place to a larger extent and the dis

tortion of helical structure is also transmitted to longer distances from the site 

of intercalation along the helical axis of DNA (Figure 1.55). 
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Figure 1.55 Figure showing parallel intercalation of ethidium bromide in 
to DNA (RYeha et al., 2002) 

Once DNA intercalation takes place, physiological enzymes (including topoi-

some rases) which act on DNA, will not be able to function which can then 

induce apoptosis. Although normal healthy cells are also prone to cytotoxici

ty, on treatment with intercalators, fast dividing cells, which includes many 

cancer cells, are affected more than healthy cells (Martinez and Chacon-

Garcia, 2005; Baguley, 1991). 

Over the past decade, a lot of research has been carried out in this area mo

difying the structures of intercalating drugs including, doxorubicin and mi

toxantrone (Gresh and Kahn, 1990; Mewes et al., 1994; Nagy et al., 1996). 

cryptolepines are an excellent example among intercalators, structural modi

fication of these molecules showed promising results (RYeha et al., 2002; 

Wright et al., 2001; Chhikara et al., 2011; Seville et al., 2007a). 

1.4.8.3 Cryptolepine 

Cryptolepine (1) (Figure 1.56) is an alkaloid found in the roots of the West 

African climbing shrubs known as Cryptolepis triangularis and Cryptolepis 

sanguinolenta. Its synthetic name is 5-methyl-10H-indolo [3, 2-b]quinolone. 

Although cryptolepine(1) was identified in an extract of cryptolepis triangula

ris by Clinquart in 1929 (Clinquart, 1929), it was first synthesised for its po

tential use as a dye by Fichter and Boehringer in 1906 (Fichter and Boehrin-

ger, 1906). 
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(2) OH 

Figure 1.57 11-hydroxy cryptolepine 

Figure 1.58 12-hydroxy cryptoheptine 

Along with cryptolepine (1), there are other natural analogues which have 

been isolated from plants including 11-hydroxycryptolepine (2) (Figure 1.57), 

12-hydroxycryptoheptine (Figure 1.58), neocryptolepine(4) (Figure 1.59) and 

isocryptolpine (Figure 1.59) (Cimanga et al., 1996; Cimanga et al., 1997; Ci

manga et al. , 1998). 

Neocryptolepine (4) is an isomer of cryptolepine (1) also found in cryptolepis 

sanguinolenta (Cimanga et al., 1997). In Africa, a crude extract of this plant 

was traditionally used for the treatment of multiple diseases including hyper

tension, diabetes, inflammation and bacterial infections (Wright, 2007; Oye

kan, 1995; Fabry et al. , 1998; Kaou et al., 2008; Boye, G. L. , Ampofo, 0 ., 

1983). 
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Figure 1.59 Neocryptolepine Figure 1.60 isocryptolepine 

A commercial preparation containing ground roots of C.sanguinolenta, called 

Phyto-Laria is also available (Fabry et al., 1998; Willcox et al., 2004). 

Although cryptolepine(1) showed a range of pharmacological activities, after 

discovery of its anticancer activity, research work has been done on this in 

order to increase its potency. Many analogues have been made by modifying 

different positions of the molecule and some of these are more potent than 

the original drug (Wright et al., 2001; Onyeibor et al., 2005; Lavrado et al., 

2008a). 

1.4.8.3.1 Pharmacological activities of cryptolpeine and structural ac

tivity relations 

1.4.8.3.1.1 Antihyperglycemic activity 

Cryptolepine(1) not only has hypoglycaemic activity but also possess hypo

lipidemic activity (Ajayi et al., 2012). This is due to its ability to reduce glu

cose absorption and enhance beta cell functioning (Ajayi et al., 2012; Bierer 

et al., 1998). Bierer tested cryptolepine (1) on murine 3T3-L 1 preadipocytes 

and showed that it has caused a reduction in the glucose absorption (Bierer 

et al., 1997; Bierer et al., 1998). Upon cryptolepine treatment, improved beta 

cell functioning was observed in the histograph of rat pancreas as a result of 

cell hypertrophy, which probably will have an indirect effect on insulin produc-

47 



Introduction 

tion (Ajayi et a/., 2012). At molecular level, the exact mechanism of its anti-

diabetic activity is still unknown. 

In 1997, Bierer and co-workers synthesised a series of cryptolepine ana-

logues(6) (Figure 1.61) as potential anti-hyperglyemic agents. Based on 

QSAR studies, increasing the alkyl side chain length at the N5 position in-

creased the activity dramatically. 

x 

Z=NH, 0, S, GH2 x= H, OMe, F Z= Me, Et 

Figure 1.61 Showing cryptolepinederivatives with antihyperglycemic ac
tivity 

This may be due to increased lipophilicity of the molecule. Similarly, addition 

of a methoxy group at position 4 also increased the activity significantly. In 

contrast, addition of ethyl and butyl side chains at the N5 position made the 

derivatives more toxic. Gryptolepine and 11-methoxy cryptolepine showed 

the best anti-hyperglycemic activity with the lowest tOXicity profiles (Oubenko 

et al., 1997; Bierer, 1999; Bierer, 1997). 

1.4.8.3.1.2 Antimalarial 

/n vitro, cryptolepine(1) showed the antimalarial activity with an IGso value of 

0.27 and 0.44 IJM on chloroquin-sensitive and chloroquin resistant-strains of 

P. Falciparum respectively (Wright et al., 2001). 
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In 2001, Wright and his co-workers synthesised a series of cryptolepine deri

vatives having halogens and nitro groups (Figure 1.62) on different positions 

of the molecule. When the compounds were tested against the plasmodium 

falciparum parasites in vitro, they found that the 2, 7 -dibromo derivative 

(Figure 1.63) showed highest activity on chloroquine sensitive parasites. It 

also suppressed the plasmodium berghei parasites in vivo (mice) up to 89%. 

This group also demonstrated that antimalarial activity of the derivatives does 

not depend on their intercalation capacity (Wright et al., 2001). 

Figure 1.62 7-Nitrocryptolepine 

In 2004, Van Miert investigated the antimalarial activity of neocryptolepine, 

and its derivatives in vitro on Plasmodium falciparum and found that 2-

bromoderivatives(8} showed higher and more selective activity than the pa

rent compound (Van Miert et al., 2004). 

Br 

Figure 1.63 2-Bromocryptolepine 
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In 2010, Larvado synthesised library of cryptolepine derivatives having alky

lamino side chains(9) (Figure 1.64) and halogen substituents and tested 

them against Plasmodium falciparum parasites in vitro and concluded that 

they showed significant increase in activity (Example: IC50 = 51 ±5 nM, Fi-

gure 1.64) compared to chloroquine (IC50 = 138 ±15 nM). 

CI 

CI 

Figure 1.64 Showing a derivative having alkylamino side chains shown 
highest activity (IC5o = 51 ±5 nM) 

1.4.8.3.1.3 Other parasites 

In 2012 larvado et a/ demonstrated that adding alkylamino sidechains at 11-

and 5 pOSitions of cryptolpeine increased the anti-parasitic activity against 

Trypanosoma brucei brucei. More importantly, placing a piperazin-1-amine 

group at the 11-position(10) (Figure 1.65) increased the activity significantly 

(IC5o 10 nM) along with greater selectivity towards the same parasite. 
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(10) 

Figure 1 .65 Showing derivative having alkylamino side chain 

In 2012, Hazra eta/showed that 2,7-dibromo cryptolepine(11) (Figure 1.66) 

has anti leishmanial activity. They tested the molecule on Leishmania dono-

vani parasites and and recorded an ICso value of 1.6 ~M (Hazra et a/., 2012). 

Sr 

Sr 

(11) 

Figure 1 .66 2,7 -dibromocryptolepine 

1.4.8.3.1.4Anti-inflammatory 

In 2009, Olajide, Wright and co-workers tested cryptolepine on rats for anti-

inflammatory activity; they tested cryptolepine at a dose of 10-40mglkg on 

rats, and reported that it showed a dose dependent reduction in car-

rageenan-induced rat paw oedema and pleurisy (Olajide et al., 2009). 

The same group also demonstrated that cryptolepine showed a dose depen-

dent anti-inflammatory activity by reducing the micro-vascular permeability in 

mice. It also showed analgesic activity against acetic acid induced writhing in 

mice. In 2013, the same group showed that plant extract of cryptolepis san-
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guinolenta and cryptolepine alone possess anti neuroinflammatory proper-

ties, they tested both plant extract and pure cryptolepine on neuroinflammtion 

induced IL-1 B in neuroblastoma cells and concluded that inflammatory fac-

tors were inhibited in both cases significantly (Olajide et al., 2013). 

1.4.8.3.1.5 Anticancer activity 

Cryptolepine showed anti-tumoural activity on different cancer cell lines. 

Among the different primary cultures of patient tumour samples, cryptolepine 

showed greater sensitivity on breast cancer cells. It showed greater activity 

on haematological tumors when compared to solid tumors. The average ICsa 

value on solid tumours was 2.8 ~M whereas on haematological malignancies 

it gave an ICoo value of 1 ~M (Laryea et al., 2009). This group also showed 

that along with topo II activity, the cytotoxicity of cryptolepine also depends 

on P53, a tumor suppressor protein which regulates the cell cycle. IC50 va-

lues of 1.4 ~M and 12. 7 ~M were observed on HCT116-P53+/+ and HCT 

116-P53-/- cells respectively (Laryea et al., 2009). In these tested cell lines 

the anti-tumour activity of cryptolepine was not affected by any resistance 

mechanism found so far (Laryea et al., 2009). This was shown using Pear-

son's correlation coefficients, which compares the resistant-gene correlation 

between cells treated by cryptolepine and a series of other anticancer drugs. 

See Table 1.1 for cytotoxicity of cryptolepine against a range of cell lines. 

Cell type 

VERO 

B 16 melanoma cells 

IC50 values of cryp- Reference 
toleplne In liM 
3.2 

1.3 

(Zhu et al., 2007) 
(Bonjean et al., 
1998) 

Mouth epidermoid carcinoma 
(KB) cells 1.3 (Bailly et al., 2000) 

(Dassonneville et 
al.,2000) 

Human leukaemia (HL-60) 
cells, 

3.2 
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Promyclocytic leukaemia (HL-
601MX2) and 7.4 
Murine leukaemia (P388) 
cells 0.94 

Human 
(MG63) cells 
MAC 15A cells 

osteosarcoma 

Human bladder carcinoma 
Epithelial (RT112) 
Human pleural effusion Ade
nocarcinoma (H460) 

Biliary epithelial (BE) cells 

human umbilical vein en
dothelial cells (HUVEC) 
murine myoblast-derived (L6) 
cells 

>0.5 

67.2 ±26.3 

0.80 

1.45 

1.28 

1180 ± 1 

1.5() 

Chinese hamster lung cells 
(V79) 2.1 
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(Dassonneville et 
al., 2000) 
(Dassonneville et 
al., 2000) 
(Matsui et al., 2007) 

(Wright et al., 2001) 
(Seville et al., 
2007b) 
(Seville et al., 
2007b) 
(Seville et al., 
2007b) 
(Lavrado et al., 
2000a) 

(Arzel et al., 2001) 

(Ansah et al., 2005) 

Table 1.1 Showing cytotoxic activity of cryptolepine against various 
cancer cell lines. 

Upon exposing MAC15a cell lines for 1 hour and 96 hours separately to cryp

tolepine, it showed considerable activities with IC50 values of 67.2 ± 26.3 ~M 

and 9.65 ± 1.37 ~M respectively (Wright et al., 2001). Cryptolepine has 

shown lower toxicity against non-tumour HUVEC cells with an IC50 value of 

1180 ± 1 ~M which may indicates that cryptolepine is more active towards 

cancer cells than the normal cells. 

Cell cycle changes upon treatment with cryptolepine were studied and it 

came under light that cryptolepine induces apoptosis in HL-Ieukaemia cells. 

Based on the experimental results the same group also suggested that cryp

tolepine must have produced cell death signals other than topo-II associated 

DNA breakage (Dassonneville et al., 2000). 

Cryptolepine shows cytotoxcicity by interacting with DNA (Wright et al., 2001; 

Gokcek et al., 2000) and it is 4-5 times potent than el/ipticine on mouse me-
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lanoma cells. Based on all of the studies above it has been suggested that 

cryptolepine derivatives are suitable leads for the development of anti-cancer 

agents (Bonjean et al., 1998). It has been found that addition of electron 

donating or with drawing groups at different positions (Figure 1 .67) on the 

molecule lead to changes in the anticancer activity, for example addition of a 

N-[4-(methanesulfonoamido)-2-methoxyphenyl] amino group at the 11-

position showed greater activity on haematological tumour cells compared to 

the original molecule (Chang et al., 1992; Takeuchi et al., 1992). 

x x = H, NH-galactopyranosyl 

Y = 7-N02, 7-NH2, 7-NHCOMe, 

7 -NH-glucopyranosyl, 

8-N H-galactopyranosyl 

Figure 1.67 showing various modifications of cryptolepine 

Addition of electron withdrawing group, amino group at the 7 -posiion also 

showed increased cytotoxicity than the parent compound, however addition 

of nitro group at the same position led to reduction in the activity significantly 

(Takeuchi et al., 1992). Introduction of a glalctopyranosylamino group at the 

C-2 and C-8 positions reduced the activity however, introduction of glucopy-

ranosyl group has shown greater activity than cryptolepine (Takeuchi et al., 

1992). Further studies were carried out by Wright and his team by the intro-

duction of halogens at different positions of the ring on the cryptolepine 

(Wright et al., 2001). It was found that the 9, 11-dichlorocryptolepine(12) 
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(Figure 1.68) is five times more cytotoxic than the parent molecule (Wright et 

al., 2001). 

CI 
(12) 

Figure 1.68 9, 11-dichlorocryptolepine 

1.4.8.3.1.6 Mode of action of cryptolepine as an anticancer agent 

Cryptolepine acts as an anticancer agent not only by interclating into DNA 

but also by inhibiting the topo II (Lisgarten et al., 2002b). Lisgarten conducted 

a Ren and Chaires competition dialysis experiment to see which of the DNA 

sequences cryptolpepine is interacting with. In this assay, a range of nucleic 

acid sequences is dialysed against a test ligand solution. After equilibrium is 

established, the amount of ligand bound to each sequence is determined by 

spectrophotometry (Ragazzon et al., 2007; Chaires, 2005). 

They used both alternating and non-alternating CG, and alternating and non

alternating AT sequences of DNA. The results showed that the molecule pre

ferably intercalates into DNA at GC rich sequences having non-alternating 

CC sites over AT rich sequences (Lisgarten et al., 2002b). 
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Figure 1.69 Figure showing cryptolepine intercalating in to DNA, where 
green=guanine, yellow=cytosine, red=adinine, blue=thiamine (Lisgarten 
et a/., 2002b) 

When there are two guanine bases on one DNA strand binding to two cyto-

sines on the other, this particular site gives good stacking for the cryptolepine 

structure. Cryptolepine is an asymmetric molecule so the asymmetric space 

provided between the Cytosine-Cytosine sites favours the interaction (Figure 

1.69). These interactions between cryptolepine and bases are not identified 

as hydrogen bonding, suggesting that the TT-stacking forces between the li

gand and DNA bases cause these interactions (Figure 1.70) (Lisgartenet a/., 

2002); (Guittat et al., 2003a). 
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Figure 1.70 Figure showing interaction between crptolepine and DNA 
bases, molecular interaction redrawn from (Lisgarten et al., 2002b) 

These stacking interactions confirm that alkaloid is aligned parallel to the 

Watson crick base pair hydrogen bonds. While all this happening, positively 

charged cryptolepine penetrates deeply in to the helical stack forming strong 

hydrophobic interactions with DNA base pairs and aligning itself to the centre 

of the helix where the negative electrostatic potential is maximum (Lisgarten 

et al. , 2002b). In terms of DNA-binding affinity, cryptolepine showed similar 

strength to established intercalators such as actininomycin 0 , daunomyci-

nand chromomycin (Lisgarten et al. , 2002a). 

1.4.8.3.2 G-quadruplex DNA binding of cryptolepines 

Telomeres are the terminal DNA-protein complexes which possess distinct 

structural and functional features compared to other DNA sequences (Black-

burn, 1991). The word telomere is derived from two greek words; telos 
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means end and meros means part. Teleomere sequences are rich in guanine 

and are made by ribonucleoprotein telomerase. The repetition of these gua

nine rich telomeres form quadruplex DNA structures also called as G

quadruplexes (Parkinson et al., 2002) (Figure 1.71). 

Figure 1.71 showing a G-quadruplex 

The 3' end terminal region of telomerase has guanine rich single strand of 

DNA which folds itself in to a G-quadruplex (Figure 1.72), which has been 

shown to stop the elongation of teleomeres (Sen and Gilbert, 1988; Sen and 

Gilbert, 1991). 

Teleomers are important in protecting the ends while the chromosomal DNA 

undergoes full replication. Mostly telomersase (Figure 1.73) is expressed in 

cancer cells, stabilisation of these G-quadruplexes can lead to complications 

in telomerase elongation and prevent proliferation of cancer cells. 
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Figure 1.72 G-quadruplex structural arrangement 

In the past 10 years G-quadruplexes have been of great interest as targets in 

oncology, attempts have been made to target these structures with some 

naturally occurring cryptolepines and their analogues. (Neidle and Parkinson, 

2002; Mergny et al. , 2002; Lavrado et al., 2010a; Xu et al., 2011). Besides 

duplex DNA, cryptolepine has been shown to bind to other DNA structures 

including triplexes and G-quadruplexes, however its affinity towards duplex 

DNA is higher than for G-quadruplxes (Guittat et al., 2003b). 
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Figure 1.73 Showing presence of telomerase at chromosomal tips via 
immunofluorescence (Jaskelioff et al. , 2010) 

Although both cryptolepine and neocryptolepine are weak G-quadruplex sta-

bilisers, comparatively neocryptolepine showed slightly higher binding affinity 

towards the AG22 (G-quadruplex) sequence than cryptolepine (Guittat et al., 

2003b). This could be due to the changes in the shape or symmetry of the 

molecule. 

NH 

o~ (13) 

Figure 1.74 NSC748394 
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NH 

(14) 

Figure 1.75 NSC748393 

In 2010 Lavrado and his team made a series of cryptolepine derivatives atta-

ching diaminoalkyl sidechains ( 

Figure 1.74 and 1.75) and showed that these derivatives possess good G

quadruplex stabilising capacity. In this study they have shown that attaching 

cycloalkyl or aromatic chain at the 11-position(13) (Figure 1.74) significantly 

reduced the G-quadruplex DNA stabilising effect (change in DNA melting 

temperature, 11 Tm = 4.2 °C). Whereas having linear alkylamino sidechain (14) 

(Figure 1.75) increased the G-quadruplex DNA stabilisation (11 Tm = 20.9 °C). 
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1.5 Synthesis of cryptolepine 

OEt aq. NaOH 
• 

(15) 
(16) 

(1 ) 

Figure 1.76 Synthesis of cryptolepine by Fichter and Boehringer 

Cryptolpeine was first synthesised by Fichter and Boehringer in 1906. 0-

nitrobenzyl malonic ester(15) was heated to reflux in the presence of 

aqueous sodium hydroxide to give quindoline(16) which was then methylated 

using methyl iodide in the presence of methanol to give cryptolpine(1) as a 

yellow dye with an overall yield of 3% (Figure 1.76) (Fichter and Boehringer, 

1906). 
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eOOH 
0 

aq. NaOH .. 
reflux .--: 

10 hours N 

950~ 2 h: urs Zn / base 
(19) 

N 
CH30H 
CH31 .. 
50°C 
18 hours 

(16) 
(1 ) 

Figure 1.77 Scheme Synthesis of cryptolepine by Fichter and Rohner 

Later Fichter and Rohner worked further on the synthesis to improve the yield 

by using isatinic acid(17) and indoxyl(18) as starting materials to produce 

quindoline-11-carboxylic acid as an intermediate. Decorboxylation of this 

gave quindoline(16) and then methylation gave cryptolpeine(1) with an ove

rall yield of 8% (Figure 1.77) (Fichter and Rohner, 1910). 
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eOOH 
0 OAe 

aq. KOH 

Reflux 
10 days 

(21) 300
u
C 

(19) 
2 hours 

mineral oil 

CH) 
C~OH .. 
50

u
C 

(1 ) 
24 hours (16) 

Figure 1.78 Scheme Synthesis of cryptolepine by Holt and Petrow 

In 1947 two chemists; Holt and Petrow modified the Fichter and Rohner's 

synthetic route by condensing indoxyl acetate and isatin in the presence of 

aqueous sodium hydroxide for 10 days to produce quindoline 11-carboxylic 

acid. Decorboxylation by heating quindoline -11-carb70xylic acid at 300°C 

gave quindoline which then methylated to give cryptolepine. Despite of their 

efforts overall yield of the synthesis was not greatly improved but was limited 

only to 9-10% (Figure 1.78) (Holt and Petrow, 1947). 
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Reflux 
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CH31 
Sulfolane 

• 
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N 
\ 

Reflux NaH 
0.5 hours THF j

S02Ph 

H 
N 

o 
(25) 

(1 ) 

Figure 1.79 Scheme Synthesis of cryptolepine by Cooper 

Introduction 

In 1996, another synthetic route was followed by Copper and his team to 

synthesise cryptolepine. 1-(Phenylsulfonyl)indole was treated with 2-

nitrobenzaldehyde in the presence of manganese dioxide and reduction of 

the nitro group followed by Z-benzoylation gave a ketone intermediate. N-

Deprotonation with NaH in THF resulted in cyclisation to produce quindolone 

followed by chlorination using POCb giving 11-chloroquindoline. Then hydro-

genolysis using a Pd-C catalyst in ethanol at room temperature gave quindo-

line which, upon methylation gave cryptolpeine with an overall yield of 12% 

(Figure 1.79) (Cooper et al., 1996c). 
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P~Bi(qAc~ 

N~ Cu 
• 

Reflux 
NH2 10 hours 

H 
(27) 

(28) 1 
Reflux Pd(OA<;) 
40 minut SfF A 

H 

C~I N 

Sulfo ane 
• 

50 °C 
18 hours 

(1 ) (16) 

Figure 1.80 Scheme Synthesis of cryptolepine by Fan and Ablordeppey 

In 1997 Fan and Ablordeppey reported another method for synthesis of cryp-

tolepine with an improved overall yield of 22%. 3-aminoquinoline was treated 

with triphenyl bismuth diacetate and copper to give 3-anilinoquinoline fol-

lowed by cyclisation using palladium acetate and trifluoroacetic acid to pro-

duce quindoline which was then methylated using methyliodide in the pre-

sence of sulfolane to give crypolepine (Figure 1.80) (Fan and Ablordeppey, 

1997). 
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0 Q Q 0 0 

dry CHOH NaSH 
3 N CHcli N 

aniline .. 3 • 
20°C 60 °C 

3-8 minutes 2.5 hours 

(20) (29) 

reflux ~ry dio","" 
1.5 hours dry HCI 

- QJ~v • 
- \ \ // .. 

N (31) 

(1 ) 
H 

Figure 1.81 Scheme Synthesis of cryptolepine by (Banerji et al. , 2005). 

More recently in 2005, Benerji and colleagues reported another route for 

cryptolepine synthesis. Isatin(20) was treated with aniline to give an in-

termediate imesatin(29) which was then treated with sodium borohydride in 

the presence of methanol to produce 3-N-phenylmino indolenine(30) ,this 

was then heated to reflux for 1.5 hours with dioxane and hydrochloric acid to 

give nor-seco-cryptolepine(31), which was then cyclised to produce cryp-

tolpeine(1) with an overall yield of 17% (Figure 1.81) 
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eOOH 

j 250uC 
4 hours Ph-O-Ph 

H 
N 

(1 ) 

(19) 

Figure 1.B2 Scheme Synthesis of cryptolepine by (Lai et a/.J 200Ba). 

More recently Lai and colleagues developed another modern synthetic route 

using microwave energy to synthesise cryptolepine. N-Acetyl-3-

acetoxyindole(32) and isatin(20) were microwaved in 6N KOH to afford quin-

doline-11 -carboxylic acid(19) which then decorboxylated by heating in the 

presence of biphenyl ether at 250 °C to give quindoline(16). Methyliodide 

was used to methylate the N- position of quindoline which produced cryptole-

pine iodide salt which then converted to the free basic form of cryptolepine(1) 

using aqueous sodium carbonate. The overall yield of the synthesis was 29% 

which is higher than any other method previously reported (Figure 1.B2) (Lai 

et a/.J 200Bb). 
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1.6 Design of the target molecules 

Since cryptolepine was first discovered to be a DNA intercalator, researchers 

have investigated its potential as an anticancer agent (Ansah et al., 2005; 

Guittat et al., 2003a; Lisgarten et al., 2002a). Many analogues have been 

synthesised and tested for cytotoxicity. 

CI 

CI 
(35) 

Figure 1.83 7, 11 Dichlorocryptolepine hydrochloride 

Figure 1.84 7-Nitrocryptolepine hydrochloride 

Amongst these, derivatives have been made incorporating nitro groups(36) 

(Wright et al., 2001; Onyeibor et al., 2005), linkers to make dimers (Marden

borough et al., 2005) and halogens at various ring positions(35) (Wright et 

al., 2001; Seville et al., 2003). Of particular interest are the 11-halogenated 

cryptolepines (Wright et al., 2001; Jerrum et al., 2007) . 
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Wright and co-workers made a series of derivatives attaching halogens at the 

11 position, amongst those 7,11 dichlorocryptolepine (Figure 1.83) showed 

the highest cytotoxic activity against MAC15a (colon adenocarcinoma) cells 

with an IC50 value of 14.4 ± 2.8 ~M (after 1 hour exposure) (Gouni et al., 

2006; Jerrum et al., 2006). Work by Gouni and then Jerrum investigated the 

synthesis and the activity of cryptolepines with chloro, bromo and iodo atoms 

at the 11 position. 11-bromo and iodocryptolepines showed an improved cy-

totoxicity profile, whereas the 11-chlorinated compound showed a reduction 

in the activity compared to the parent compound in the tested cell lines. From 

the literature it is observed that the cytotoxicity of cryptolepine is linked to its 

ability to inhibit the topo II enzyme (80njean et al., 1998; Jerrum et al., 2007; 

Dassonneville et al., 1999; Luniewski et al., 2012) so it was expected that 

bromo and iodo compounds would show greater topo II inhibition. 

Cryptolepine Topo II 
Analogue inhibition 

(~M) 

Cryptolepine 5.0 

11-chloro 

11-bromo 

11-iodo 

MCF-7 
cells 
(~M) 
(mean 
SO) 

5.39± 0.33 

OLO-1 
cells 
(~M) 

± (mean ± 
SO) 

,...........IIO.I.-....;,;..;;.,~ 

5637 
cells 
(~M) 
(mean ± 
SO) 

6.28 
1.53 

± 44.58 
4.46 

± 5.15 
0.66 

3.28 
1.42 

A-549 
cells 
(~M) 
(mean ± 
SO) 

Table 1.2 Showing the activity of 11-halogenated cryptolepine ana
logues (shaded cells show high activity) (Jerrum et al., 2009). 
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X=CI, Sr, I (37,38, 39) 

Figure 1 .85 11-Halogenated cryptolepines 

Introduction 

Looking at the topo II assay results of these 11-halogenated compounds 

(Table 1.2) all of them showed greater inhibition compared to the parent 

molecule but surprisingly the 11-chloro derivative(37) (Figure 1.85) showed 

the highest topo II inhibition despite its lower in vitro cyototoxicity. It was 

thought that this could be due to the changes in drug-DNA interactions or 

drug uptake based on the structure and size of the molecule (Grasby et aI, 

2006). In the current project, with a view to investigate the irregularities in 

these past results, these halogenated cryptolepines were synthesised and 

assayed in vitro including experiments to establish the extent of cellular 

uptake and localisation. It was hoped that these assays, which had not been 

attempted before with these compounds, would help to clarify structure activi

ty relationships. 

1.7 Synthesis ofll-halogenated cryptolepines 

There are a number of procedures to synthesise 11-halogenated derivatives 

(37, 38,39) of cryptolepine. Most of these use quindolone as an intermediate 

followed by halogenation at the 11-position and then methylation at N5. The 

key step in synthesising quindolone is closing the final ring to make the te-
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tracyclic skeleton because this is a low yielding step which required dry con-

ditions. 

Although various synthetic procedures successfully give quindolone(2S), the 

best cyclisation yields were obtained by three methods. Masatoshi and co-

workers achieved a good cyclisation yield of 70% by treating 2-[(N-

phenylamino)acetamido] benzoic acid(42) with polyphosphoric acid (Figure 

1.86) (Yamato et al., 1990). 

• 

(40) (41) 

(25) 

o 

OH 

~ 0 n~/V 
o 

(42) 

70% 

Reagents: (i) bromoacetyl bromide, 24 hrs, 96%; (ii) aniline, reflux, 30 
hrs, 72%; (iii) polyphosphoric acid, 130 DC, 2 hrs, 11 % 

Figure 1 .86 Showing the synthesis of quindolone by polyphosphoric ac
id mediated ring closing (Yamato et al., 1990). 

A method with a fewer number of steps was developed by Cooper et al with a 

maximum yield of 82% for the ring closure (Figure 1.87) (Cooper et al. , 

1996b). 
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o 

LI 
+ H-----

(24) 
(22) 

(23) 

82% 

o 

Reagents: (i) Mn02, CH2CI2, H2, Pd-C, PhCOCI, PhNMe2, 12 hrs; (ii) 
NaH, reflux, 0.5 hrs. 

Figure 1.87 Showing the synthesis of quindolone (Cooper et a/. , 1996a) 

A yield of 90% was observed from Radl et at. by treating 3-amino-N-2-(7-

nitrobenzoyl) indoline-1-carboxylate(45) with sodium hydride in THF (Figure 

1.88) (Radl et a/., 2001). In the current project, based on the highest percen-

tage yields reported in the literature, Radl's method was used to synthesise 

the 11-halogenated cryptolepines. 
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N N 

II II 0 y o ,,----C H 3 

NH2 
H 
Ny 0 '-.,/C H, N 

(i) (ii) 

0 

(43) (44) 
(iii),(ii (45) 

90% 

o 

Reagents: (i) ethyl chloroformate, reflux, 6 hrs; (ii) 2-bromo-2'
nitroacetophenone, K2C03, DMF, room temperature, 2.5 hrs,; (iii) NaH, 
THF, room temperature, 1 hr, (iv) acetic acid, ethanol, NaOH, 0.5 hrs, 
over 2 steps 

Figure 1.88 Showing the synthesis of quindolone (Radl et al., 2001). 
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Chapter 2 Chemistry Discussion 
In Aadl's method (Figure 1.88) starting material 2-amino benzonitrile(43) acts 

as a nucleophile which, on treatment with ethyl chloroformate gave a carba

mate(44) (Figure 2.1). TLC showed two spots of which one was faint and 

matching to the Af value of the starting material and the other was product. 

Figure 2.1 Showing the formation of ethyl (2-cyanophenyl carbamate) 

After recrystallisation there was only one spot on the TLC indicating that the 

remaining starting material had been removed. The 1H NMR spectrum of the 

product showed a quartet at 4.27 ppm and a triplet at 1.35 ppm, arising from 

CH2 and CH3 groups (Figure 2.2). 
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Figure 2.2 Showing the proton signal arising from ethyl ester 

As they have the same coupling constant of 7.1 Hz this indicates that these 

two groups are joined together, which is a typical of an ethyl ester. These 

peaks were not present in the spectrum of the starting material indicating that 

the product has formed. 13C NMR gave 10 peaks ariSing from 10 carbon 

atoms present on the product including a carbonyl peak at 152.9 ppm and a 

nitrile peak at 134.2 ppm (Figure 2.3). 
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Figure 2,3 Showing carbon peaks arising from carbonyl and nitrile 
groups, 

The IR spectrum clearly shows peaks at 3300, 2221 , 1705 cm-1 which indi-

cate the presence of amido (NH from amide), cyano and carbonyl groups 

respectively. From the GC-MS, a molecular ion peak at Mlz 190, indicating 

that the product had been formed. This carbamate was then treated with 2-

bromo 2-nitroacetophenone to synthesise a carboxylate intermediate (Figure 

2.4) 
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0 O::N 
cC

N I ~ 0 

~ N)lO~ 
I~ 0 .. 0 '~ 
~ N)lO~ Br -

H 02N 

(44) (47) 

N j C) 

~ cC I 0 I~ 0 

~)lo~ 
K2C03 

~ N)lO~ 
o C- 4 

(49) + HBr 

( 
o 

O~ 

( 
o 

O~ 
o N 

(45) 

Figure 2.4 Showing the formation of 3-amino-N-2-(7-nitrobenzoyl) indo
line-1-carboxylate 

The reaction is a nucleophilic substitution reaction between the amino nitro-

gen in the carbamate(44) and the a-carbon of 2-bromo 2'-

nitroacetophenone(46) giving an intermediate(48) by losing bromide (Figure 

2.4). By reacting with a base, (K2C03) the acidic proton present in the CH2 of 
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the intermediate produces a carbanion(49), which attacks the nitrile group to 

form the product(4S). 

TLC of the crude product showed two spots one of which had the same Rf 

value as the starting material. Two recrystallisations from methylated spirits 

were needed to purify the product to give a maximum of 50% yield. In the 

proton NMR eight protons were observed in the aromatic region , only four 

were present in the starting material, which indicates that cyclisation was 

successful. A broad peak at 6.32 ppm integrating for two protons indicates 

the presence of a primary amine group (Figure 2.5). 

~OFORM-dl 

M06(m,7) ....... 
M07(d,4) ........ 

M04(br. s .,16) 

i 

....--. 

0.96 0.96 5 .05 1 .00 1 .40 
bI bd l===oI bd L:=I 
i i I i i i i I i i i i I i i I i i i i i 

8.0 7.5 7.0 6.5 

Figure 2.5 Showing 1H NMR spectrum of 3-amino-N-2-(7-nitrobenzoyl) 
indoline-1-carboxylate 
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Figure 2.6 Showing 13C NMR spectrum of 3-amino-N-2-(7-nitrobenzoyl) 
indoline-1-carboxylate 

13C NMR clearly showed 18 peaks including a peak at 182.1 ppm from the 

carbonyl group. Peaks at 62.6 ppm and 13.44 ppm are due to the presence 

of the ethyl ester (Figure 2.6). Moreover, the absence of a nitrile carbon is 

also clearly seen. 

Aromatic systems having nitro groups can undergo cyclisation as shown in a 

model reaction in Figure 2.7 (Radl, 1993). 

o 
C~Et 

NaH .. 
NH 

I 

Figure 2.7 Showing the formation of quindolone 
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o 0- yO~ 

N 

J Orr Orr 
+ N 

I H+ N 
~ 

H H 

0 j Orr 0 )-NaQ- 0 Na 
N ONOH 

NaOEt 
N 

.. 

o 

~o 

(25) 

Figure 2.8 Showing the formation of quindolone 
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As the nitro group in the carboxylate intermediate(4S) is electron withdrawing, 

it can pull the electrons from the aromatic ring system making it liable to nu-

cleophilic attack. This reaction involves deprotonation of the amine using so-

dium hydride, which increases its nucleophilicity leading to the cyclisation 

reaction (Figure 2.8). 

Using this method, quindolone(2S) was successfully synthesised with a yield 

of 69%. TLC showed two spots when the crude product was analysed and it 

required two recrystliisations to purify. 1 H NMR showed two broad peaks at 

12.4 ppm and 11.6 ppm representing two hydrogens attached to the two 

aromatic nitrogen atoms. In addition, the integration at 7.16-8.39 ppm gave 

eight aromatic hydrogens present on the molecule (Figure 2.9). 13C NMR al-

so gave 15 peaks for the same total number of carbon atoms present in the 

structure including a carbonyl peak at 167.2 ppm. A molecular weight of 234 

from ESI-MS confirmed that quindolone had been successfully made. 

M02(m,6) ,......., 

12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 
Chemical Shift (DDm) 

Figure 2.9 Showing 1 H NMR spectrum of quindolone 
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Once quindolone was synthesised, it was halogenated at the 11-position. 

The carbonyl group present on the ring at the y position to the aromatic nitro-

gen, makes molecule prone to electrophilic substitution reactions (Radl, 

2000). On treatment with phosphoryl oxyhalide (POCI3 or POBr3), transfer of 

oxygen on the ring to the corresponding phosphoryl halide occurs by substi-

tution of one halogen present on the phosphorous oxybromide or chloride 

(Figure 2.11). 

When quindolone was treated with phosphorus oxybromide for 16 hours, 

TLC of the reaction mixture showed two spots arising from starting material 

and product. In a view to recovering the starting material and to save the loss 

of product during recrystallisation, column chromatography was needed to 

separate the unreacted starting material to give pure product(SO) in a 36% 

yield. 

o 
(25) 

X 
36% (X=Br) (50) 
54% (X=CI) (51) 

(i) PBr3, POBr3 or POCb, PCI5 150°C, 10 hrs, reflux for 3 hrs, 36% 

Figure 2.10 Showing the synthesis of 11-halogenated quindolines from 
quindolone. 
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(25) 

X =CI, Br 

o 
II 

X-P- OH + 
I 
X 

o 
~~.£D-

/\ 
X X 

X 

x = CI, Br(51, 50) 

Chemistry Discussion 

Figure 2.11 Showing the formation of 11-bromo quindoline(50) 

13C NMR clearly the confirmed the presence of fifteen carbon atoms in the 

molecule(50). It was obseNed was that a peak at 124.7 ppm was not present 

in the starting material(25), which arose because of the brominated carbon. 

The carbonyl peak present in the starting material(25) at 167.2 ppm was ab-

sent, indicating that carbonyl group was successfully replaced by a bromine 

atom. In contrast to the 1H NMR of the starting material the product(50) gave 

only one broad peak at 11.66 ppm arising from the single proton present on 

the nitrogen (Figure 2.12). The remaining proton peaks integrate to the eight 

aromatic protons present on the rest of the molecule. 
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Figure 2.12 Showing the 1 H NMR spectrum of 11-bromoquindoline 

From the mass spectrum, the molecular ion peaks at M/z 295 297 indicate 

that bromination has been successful, moreover these isotope peaks are due 

to the presence of a bromine atom in the molecule. The peak heights are 

equal, which is an indication of brominated compounds as bromine naturally 

exists as mixture of two isotopes 79Br and 81 Br in 1: 1 ratio. 

In the case of synthesising 11-chloroquindoline(51), it took only 4 hours of 

reflux to complete the reaction whereas bromination required 16 hours. The 

chlorinated product was also purified using column chromatography to give a 

yield of 54% meaning that a higher yield was observed for chlorination than 

for bromination, this was may be because of high electronegativity of chlorine 

than bromine. 
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Figure 2.13 Proton NMR of 11-chloroquindoline showing aromatic pro
tons 

Supporting the 1 H NMR and 13C NMR data (Figure 2.13), the mass spectrum 

of the chloroquindoline gave two peaks from the molecular in 3: 1 ratio with a 

difference of 2 m/z units arising from chlorine isotopes, which confirmed that 

the synthesis was successful. 

Syntheisis of iodoquindoline was not required to make 11-iodocryptolepine, 

instead a procedure was adapted from Jerrum et al. In this method 11-

bromoquindoline was treated with methyl iodide to allow the halogen ex-

change to takes place between bromine and iodine at the 11 followed by 

methylation at the N5 position (Figure 2.14). the product was then converted 

to its hydrochloride salt using Hel in methanol. 
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Figure 2.14 Showing the synthesis of 11-iodocryptolpeine 

Chemistry Discussion 

In the final step in the synthesis of halogenated cryptolepines, methytriflate in 

toluene (a non-polar solvent) was used as the methylating agent (Gouni et 

al., 2006) to methylate the 11-chloro(S1} and bromo(SO} quindolines at the 

N5 position. As the compound obtained was in its triflate salt form, it was 

then converted to its free base by treating with ammonia and was then sub-

jected to column chromatography on silica gel. Finally the free base was aci-

dified by using Hel in methanol (0.1 M) to form the hydrochloride salt of 11-

halogenated cryptolepine. 

1 H NMR of 11-bromocryptolepine(SO} showed a single peak at 5.13 ppm in-

tegrating to 3 protons arising due to the methyl group present on the N5. In 

contrast to the product that peak was absent in the starting material which 

indicates that methylation had been successful. A single peak at 9.16 ppm 

indicating the presence of hydrogen attached to the nitrogen (N5). 
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x 
X= CI (51) 
X= Sr (50) 

MeOTF 
toluene 

16 hrs 
RT 

.. 

MeO~in/ HC; 

x 

X=CI, Sr 

x 

56% (X=CI) (37) 
11 % (X=Sr) (38) 

Figure 2.15 Showing formation of cryptolepine hydrochloride 

13C NMR of 11-bromocryptolepine(38) also revealed the presence of an extra 

carbon atom from the methyl group at 29.73 ppm. From the mass spectrum, 

molecular ion peaks at m/z 312 and 310 were present in equal ratio(bromine 

isotopes), which confirmed that the compound had been made. 

Similarly synthesis of 11-chlorocryptolepine(37) was confirmed from the 1 H 

NMR and 13C NMR data. Additionally from mass spectrum, chlorine isotope 

peaks in 3:1 ratio were also observed (Figure 2.16). 
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1 
VG27FEB-004 50 (O.W2) 
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21111 

I 
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Figure 2.16 Mass spectrum of 11-chlorocryptolepine showing isotopes 
in 1:3 ratio (269, 267) 

Along with the NMR data, the mass spectrum of the 11-iodo cryptolepine 

showed the absence of bromine isotopes present in the starting material and 

gave a single molecular ion peak at 259 indicating that the iodination was 

successful. 

The halogenated cryptolepines synthesised so far contain 3 of the 4 smallest 

halogens, with fluorine notably being missing. Halogenated organic com

pounds have been of pharmaceutical importance and several of them being 

used in treatment of diseases. Chloroquine, a chlorine-containing compound 

has been used in the treatment of malaria, brompheniramine is used as an 

antihistamine drug (Barth et al., 1973) and it was also shown to inhibit sero-
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tonin reuptake giving antidepressant property (Stahl and Felker, 2008; Silins 

et al., 2007) 

CI 

Figure 2.17 Chloroquine 

Br 

Figure 2.18 8rompheniramine 

Amiodarone (Figure 2.19) is an iodine containing drug used as an an-

tiarrhythmic agent, it stabilises the heartbeat by modulating the potassium 

channel functioning in the cardiac cells (8ardy et al., 2005). 

1 
O~N'-../ 

Figure 2.19 Amiodarone 
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When a halogen atom is attached to an organic compound, it can affect its 

drug-receptor interactions. Halogenated compounds are considered as lewis 

bases and hydrophobic moieties from the medicinal chemistry point of view 

(Erdelyi, 2012; Wermuth, 2011). With reference to the structure of biological 

cell membranes, liphophilicity or hydrophobicity is one of the key parameters 

which determine the drug uptake in animal cells. 

It is often important to optimise molecules with a specific halogen to achieve 

optimal drug interaction with the target. When looked as a series, physico

chemical properties such as atomic size (I < Br < CI < F) and electronegativi

ty change from chlorine to iodine which affects their reactivity. 

Halogen Electronegativity 

Fluorine 4.0 

Chlorine 3.0 

Bromine 2.B 

Iodine 2.5 

Astatine 2.2 

Table 2.1 Showing electronegativity of halogens 

Although all halogens are used in drug development, recently molecules 

being produced having fluorine atom (O'Hagan, 2010) are on the rise. A 

number of organic fluorine compounds have been already approved for the 

treatment of diseases. For example, aprepitant (Figure 2.20), a fluorine con

taining drug is used in the treatment of chemotherapy-induced nausea and 

vomiting and another molecule in the current pharmaceutical industry is ator

vastatin (Figure 2.20B), which is a HMG-CoA reductase inhibitor, used in the 

treatment of hypercholesterolemia and atherosclerosis (O'Hagan, 2010). Ac-
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cording to Hagmann in last the 60 years about 15-20% of all approved new 

chemical entities for the clinical market contain fluorine (Hagmann, 2008). 

OH 

r 

F F 

Figure 2.20 Aprepitant Figure 2.21 Atorvastatin 

Genarally during the lead optimisation stage of the drug development pro-

cess fluorine is introduced either to increase the liphophilicity or to block me-

tabolic pathways. In some cases introduction of a fluorine atom dramatically 

changes potency of the drug, for example the addition of a fluorine atom to 

cortisol improved its anti-inflammatory activity intensely because having 9-

alpha fluorine (Figure 2.22) means hydroxylase enzymes will not be able to 

metabolise the product leading to prolonged activity (O'Hagan, 2010). 
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o 
OH 

o 

Figure 2.22 Fludrocortisone 

11-Fluorocryptolepine cannot be made using the chemistry used for the other 

halogenated derivatives and there were no reported synthetic routes ob-

served in the literature. This could be because of the high electronegativity 

and electronic properties of fluorine. The closest analogues were 4-

fluoropyridines. A number of synthetic methods were investigated with a view 

to find a way of making 11-fluorocryptolepine. 

Balz-Schiemann Reaction: In this method aniline is treated with fluoroboric 

acid in the presen ce of sodium nitrite. In the first step aniline is converted in 

to a diazonium salt and then subsequent thermal decomposition gives a fluo-

roarene (Figure 2.23), releasing nitrogen gas as by-product. Yoneda and Fu

kuhara reported the synthesis of 4-fluorobenzene using this method with an 

overall yield of 14% (Yoneda and Fukuhara, 1996). 

6
NH2 

HBF, 

I : NaNOJ 

14% 

Figure 2.23 synthesis of fluorobenzene 
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When Roe and Hawkins used the same reaction to prepare fluoro pyridines, 

they were able to synthesise 2- and 3-fluoropyridines but failed to synthesise 

4-fluoropyridine. Later Wibaut and Holmes-Kamminga reported the synthesis 

of 4-fluoropyridines from 4-amino pyridine in poor and impure yield and it was 

mentioned in that article that 4-fluoropyridine was quickly polymerised ma

king it an unstable compound (Desai, 1973). 

By using the same reaction Desai and Prabhakar successfully synthesised 4-

fluoropyridine in pure form with a yield of 22% (Figure 2.24). They prevented 

the polymerisation of 4-fluoropyridine by using dry apparatus and alkali (KOH 

pellets) after a thermal decomposition step (Desai, 1973). 

NH2 F 

Figure 2.24 synthesis of 4-fluoropyridine 

This method was chosen to make 11-fluorocryptolepine(53) based on the 

reported yield. As a first step an amination reaction was carried out to 

synthesise 11-aminoquindoline from the 11-carboxylicacid(19). Using the 

Curtius method (Figure 2.26), quindoline carboxyl chloride hydrochloride acid 

was treated with sodiumazide to form acyl azide. Then it was heated to form 

nitrene. Nitrenes are unstable, substituent R migrates from carbon to electron 

deficient nitrogen of nitrene to from an isocyanate. Up on hydrolysis it gives a 

carbamic acid, which further decomposes to give an amine. A molecular 

weight of 233 was observed from the ESI-mass spectrometry. 
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(52) 

Figure 2.25 showing the synthesis of 11-aminoquindoline 

o 

R 
\ 
N~C==O 

-C02jH20 
(rearrangement) 

o 

f _ .. - /~ 
R 0-

0-

Figure 2.26 Curtius re-arrangement 

Once the 11-aminoquindoline(52) was synthesised, the Balz-Schiemann 

Reaction was applied using fluoroboric acid and sodium nitrite (Figure 2.27). 

Unfortunately this reaction did not work showing no signs of fluorination from 

19F NMR. So the reaction conditions were modified increasing the reaction 
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temperature to 70°C but still there were no signs of fluorination and the reac-

tion mixture gave multiple spots on TLC. The mixture was separated using 

column chromatography and it was found that two of the components present 

are quindoline and quindolone so a further literature search was carried out 

to see if there are any other methods described. 

• 

F 
(53) 

Deaminative 
fluorination 

Methylation 

Figure 2.27 Showing deaminative fluorination 

F 

Fang and co-workers reported an electrochemical synthetic route to make 4-

fluoropyridines in 2004. They carried out selective anodic fluorination of pyri-

dine using triethylamine trihydrofluoride (Et3N.3HF) to give 4-fluoropyridine 

(Figure 2.28). This procedure gave a yield of 20% (Fang Bin et al. , 2011). 
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H 

6 
N 

Figure 2.28 Showing the synthesis of 11-fluoropyridine by Fang 

Another method was considered from from Patrik and Johri who successfully 

replaced a carboxylic functioinal group with fluorine atom using, fluorodecar-

boxylation. In this process carboxylicacid was treated with xenon fluoride to 

perform fluorination in the presence of methylene chloride at room tempera-

ture (Figure 2.29). The carboxylic acid is first converted to its fluoroxenon 

ester then the ester reacts by nucleophilic displacement by fluoride (Patrick 

et al. , 1986). 

RCOOH + XeF2 .. R-F + Xe + HF + CO2 

Figure 2.29 showing the synthesis of 11-fluorocryptolepine from car
boxylic acids 

Unfortunately this method did not work and there was no sign of fluorination 

from the fluorine NMR. There was not enough time for further investigation of 
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this fluorination reaction so it was paused to carry out synthesis of rest of the 

targets. 

2.1 Derivatives with alkylamino side-chains 

Three types of derivatives were designed by attaching various alkylamino 

and amido side chains at two different positions; at N5 and C11 of cryptole-

pine 

Figure 2.30 Showing the target derivatives with alkylamino side-chains 
at 11 positions 

Butylamino, iso propylamino and 2-hydroxy ethylaminoethylamine side

chains were attached at the C11 position via two different linkages; amino 
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and amido. A third set of compounds were designed by attaching ethyl and 

ethylamino sidechains at the N5 position (Figure 2.30). 

Alkylamino side chains were attached for their lipophilicity so the overall drug 

uptake can be increased. For the same reason alkylamino side chains with 

different lengths were selected to see if there is any correlation between side 

chain length and the drug uptake in the cell lines in vitro. 11-

Chlorocryptolepine served as the key intermediate to make the derivatives 

with amino linkages at 11-position via nucleophilic substitution. 

In the derivatives with amino linkages, it is doubted that the secondary amine 

present on the side chain can be protonated at physiological pH but there is 

chance that the positive charge arising from N5 is in conjugation with the 

aromatic system (Figure 2.31). These positively charged derivatives can po-

tentially interact with the negatively charged phosphate backbone of DNA 

which ultimately leads to increased strength of interaction . 

... 

Figure 2.31 Showing the electron distribution in cryptolepines with 11-
amino linkages 

The 2-hydroxyethylaminoethylamine side chain was taken from the establis-

hed drug, mitoxantrone. It was reported that attaching 2-hydroxy ethylami-
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noethylamine group to an anthracenedione moiety enhanced the anticancer 

activity significantly (Murdock et al., 1979). 

Alkylamino sidechains were attached to the cryptolepine at the 11 position by 

heating to reflux 11-chlorocryptolepine(37) with the desired alkylamine side-

chain overnight via nucleophilic substituition reaction (Figure 2.32). The pre-

cipitated derivative(54, 55, 56) was then purified using column chromato-

graphy (20-60% yield). 

+ R-H _E_th_YI_a_ce_ta_te_ .. 

reflux 
R 

R 
CI H 

N 

(61%)\(' Y (54) 

H 
N 

(68%) Y ~ (55) 

H 
N..... /'-.... OH 

(23%)\: ~ ..... N~ 
H (56) 

Figure 2.32 Showing the synthesis of cryptolepine derivatives with al
kylamino sidechains at 11 position 

Compared to alkylamido derivatives, making alkylamino derivatives is rather 

less complex. After refluxing 11-chlorocryptolepine with the desired alkylami-

no sidechain, resulting product is precipitated in the reaction mixture so it 

was easier to purify. Incase of isopropylamino derivative, Simple washing 
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with ethanol and diethyl ether gave pure crystals. Whereas rest of the amino 

derivatives needed recrystallization. 

Pyridines can be able to be attacked by nucleophiles at the 4 position. Attack 

at 3 or 5 positions of pyridine is not a favourable pathway because of the ne-

gative charge on the intermediate cannot be de localised onto the electrone-

gative nitrogen atom. This aromatic nucleophilic substitution is more favou-

rable when good leaving groups like halogen are present instead of hydrogen 

(Figure 2.33). 

.~ 
G.lL::/

R 
'9 

R 

+ CI 

Figure 2.33 Showing aromatic nucleophilic substitution in pyridine and 
chloropyridine 

1 HNMR of each alkylamino derivative showed additional aliphatic protons 

arising from the side chains for example, 1 H NMR of the isopropylamino deri-

vative gave a peak at 1 .57 ppm integrating to 6 protons arising from the two 

methyl groups. Further analysis through high resolution mass spectrometry 

confirmed that these compounds have been successfully made. For example 

Hi resolution mass for isopropylamino derivative gave an accurate mass of 

290.1643 [M - GI] (calculated = 290.1657). 

In order to understand the more detailed structure activity relationships, the 

methyl group on N5 was replaced with a bulkier ethyl group. It was thought 
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that it would give more information about effect of length of the alkyl chain at 

N5 position on cytotoxicity. 

Two compounds were made having an ethyl group on the N5 position, 11-

chloro-5-ethyl-1 OH-indolo[3,2-b]quinolin-5-ium chloride(57) was made by 

treating 11-chloroquindoline(51) with ethyltriflate in the presence of toluene. 

CI 

(51) 

~NH 

(59) 

EtOTf 

toluene 
• 

(57) CI 

j MeOH/HCI 

(58) 

Figure 2.34 Showing the synthesis of N-butyl-5-ethyl-1 OH-indolo[3,2-
b ]quinolin-5-ium-11-amine chloride 

A molecular mass of 281.0842 (required 281.0846) was obtained from high 

resolution mass spectrometry indicating that product had been fromed. Addi-

tionally extra carbon aridsing from N-5 position was seen in the carbon NMR 
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at 47.8 ppm (N5-CH2) and 13.8 ppm (N5-CH3)' Also addition aliphatic pro-

tons were seen in the proton NMR at 1.8 ppm arising from the N5-CH2. 

Another compound was made treating product with butylamine giving N-

butyl-5-chloro-5-ethyl-1 OH-indolo[3,2-b]quinolin-11-amine(59) (Figure 2.34). 

An accurate mass of 318.1961 (required m/z 318.1970) was obtained from 

the high resolution mass spectrometry and additional aliphatic protons arising 

from the butysidechain were seen in the proton NMR. 

Unlike derivatives with amino linkages, in the derivatives with amido linkages, 

the positive charge will not be able to move to the aromatic ring (Figure 2.35). 

So these compounds were made to see how having an amide bond between 

side chains and the aromatic system of cryptolepine will affects the cytotoxici-

ty and the drug uptake in the invitro cancer cells. 

NH 

J 
Figure 2.35 Showing the electron distribution in cryptolepines with 11-
amido linkages 

Isatin and N-acetyl indoxyl were condensed in a strongly alkaline solution to 

form quindoline-11-carboxylic acid (72% yield) . The alkylamine side chain 

was then coupled with this carboxylic acid in the presence of (1-cyano-2-

ethoxy-2-oxoethylidenaminooxy) dimethylamino-morpholino-carbenium hexa-

103 



Chemistry Discussion 

fluoro-phosphate (COMU) to make the amide linkage (50-80%). After purifi-

cation, these were methylated at the N5 position using methyl triflate to give 

the cryptolepine derivatives (20-30%). 

Using Holt and Petrow's method, indoxyl acetate and isating were condensed 

in the presenc e of a base for 10 days. Nucleophilic attack by indoxylace-

tate(21) at C2 position of isatin(20) opens the indole-ring and then followed 

by the intramolecular exo-trig cylisation gave the product (Figure2.36). 

As the quindoline 11-carboxylic acid(19) was obtained as a hydrochloride salt 

it did not elute on TLC plate but it was observed that only one spot was pre

sent on the baseline. The compound was recrystallised and dried for analysis 

without any further purification. 

isatin 
indoxyl acetate 

(20) 
(21 ) 

o 

quindoline -11-corboxylic acid 

(19) 

Figure2.36 Showing the synthesis of quindoline-11-carboxylicacid 
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Figure 2.37 Showing 1 H NMR spectrum of Quindoline 11- carboxylic ac
id 

1 H NMR gave a broad peak at 11 .46ppm integrating to one proton which con-

firms the presence of NH in the aromatic ring (Figure 2.37) . In addition to that 

total number of aromatic protons was integrating to the required number of 8 

which shows that cyclisation was successful. The total number of 16 carbons 

were identified including one 168.14 ppm from carboxylic acid. 

The aim of the next reaction was to attach alkylamino sidechains at the C11 

position of the aromatic ring by making an amide linkage to the carboxylic 

acid. To synthesise the quindoline amides firstly the carboxylic acid was 

treated with thionylchloride and the resulting acyl chloride(SO) was then 

treated with an amine to form the corresponding amide(S1) (Figure 2.38). 

Unfortunately the final yield of the product was very low as 2% and the 

amount of product was not enough to carry further steps of the synthesis 

(Figure 2.39). 
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Figure 2.38 Showing the synthesis of quindoline amides 
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2% 

Figure 2.39 Showing a gas chromatrogram of reaction mixture contain
ing the isopropylamido quindoline (using thionyl chloride) 

Instead a coupling agent, COMU (( 1-Cyano-2-ethoxy-2-

oxoethylidenaminooxy)dimethylamino-morpholino-carbenium hexafluoro-
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phosphate) was used to make the amides. Compared to the previous method 

using COMU yields were improved greatly up to 90% (Figure 2.40). This 

method was followed to introduce all of the side chains (Figure 2.42). 

, ,000 
, 0000 

T OOO 

. .. ... .. . H... . ~CJ V Q.-lllo-CO""U. D\d.ca.'" • . ,-,.. . .. . . 

[~COMU--"l 

Figure 2.40 Showing a gas chromatrogram of reaction mixture contain
ing the isopropylamido quindoline (using COMU) 

The synthesis of derivatives with amido linkages is a difficult process mainly 

due to the purification procedures. After attaching the side chains using 

COMU (Figure 2.41) the reaction mixture was acid washed to remove any 

further unreacted amine left and the residue was subjected to column chro-

matography. After running the first column it was found that the amine was 

still present in most fractions so the mixture was subjected to another column 

however still the amine was present. It was found that the amide was de-

composing on the ·silica giving free amine in a small amount which was con-

taminating all of the fractions. Few washes with aqueous copper sulfate solu-

tion gave pure compound. Whereas making derivatives with amine linkages 

was relatively easy. 

1HNMR of Isopropylamido quindoline gave a singlet at 3.77 integrating for 

one proton and another peak at 1 .04 integrating for 6 protons confirms the 
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presence of an Isopropyl group and a broad peak at 11.76 integrating to one 

proton indicating the presence of NH from the aromatic ring. The presence of 

a carbonyl group was confirmed from 13C NMR with a peak at 166.7 ppm. In 

addition to that IR spectrometry gave a peak 1646 cm-1 which indicates the 

presence of an amide carbonyl group. 

Supporting the above analytical data mass spectrometry gave a molecular 

ion peak at 303, equal to the molecular weight of the compound indicating 

that the compound had been made. 
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Figure 2.41 Showing the formation of of isopropylamido quindoline(61) 
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Figure 2.42 Showing target alkylamidoquindolines 

Chemistry Discussion 

j 

Formation of the butylamide derivative was confirmed by the presence of 9 

aliphatic protons in the 1 H NMR along with the presence of a carbonyl carbon 

at 165.4 ppm. 

Attaching 2-hydroxy ethylaminoethylamine (63) was rather difficult compared 

to the other to alkylamino side chains. it could be because of the other se-

condary amine group present on the side chain. So less yield was obtained 

when compared to butyl and isopropylamido derivatives. 

Quindolines were then methylated at the N5 position using the methylating 

agent, methyl triflate (Figure 2.43) 
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Figure 2.43 Showing methylation of alkylamido quindolines 

Chemistry Discussion 

The cryptolepine triflate salts were converted to their free bases using a so

dium carbonate solution and were converted to their hydrochloride salt forms 

using methanolic hydrochloric acid solution. 

NMR spectra of 11-isopropylamido cryptolepine(64) showed the presence of 

the aliphatic protons from the sidechain along with the aromatic protons 

(Figure 2.44). 
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Figure 2.44 CNMR spectra of 11-isopropylamido cryptolepine showing 
the presence of protons from aliphatic protons present on the side chain 

5 .20 5 .15 5.10 :hemical Shift (ppm) 

Figure 2.45 Showing the presence of methyl group using 1 H NMR and 
13C NMR spectra of 11-isopropylamido cryptolepine 
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Presence of the additional N-methyl group was observed from the 1H NMR, 

which gave a peak at 5 ppm for all three amido derivatives. An dditional car-

bon was seen in the 13C NMR at 39-40 ppm for all three cryptolepine amides 

(Figure 2.45). Further, high resolution mass spectra confirmed the mol-

celuarweight of the compound (Table 2.2). 

Accurate mass 

x 

x y found required 

H 

°r Ny CH3 318.1615 318.1606 

H 

°rN~ CH3 332.1769 332.1763 

H 
0yN, /'-....~~OH --L ~ , CH3 363.1828 363.1821 

Table 2.2 showing the high resolution mass spectral results of cryptole
pine amides 
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Chapter 3 Invitro and Bio-physical 
Studies 

3.1 In vitro cytotoxicity measurements 

Testing of in vitro cytotoxicity of compounds is a useful tool in the 

discovery of novel anti-cancer compounds. There are various types of assays 

available to assess the cytotoxicity of potential drug candidates at the preclin-

ical level. The selection of suitable assay is often dependent on research aim 

and sensitivity of the assay. The main things to consider while choosing a 

cytotoxicity assay are: quality of data, ease of experimental set up, stability of 

reagents being used and the cost of the assay (Niles et al., 2008). At large 

research institutes these assays are carried out on a big scale using auto-

mated systems, this process is called high-throughput screening (HTS). Sen-

sitivity and scalability of are the two main parameters based on which a cyto-

toxicity assay is selected in HTS. 

Broadly there are two cytotoxicity assay methodologies: one is co-

lonogenic and the other is non colonogenic. The former is based on measur-

ing the number of colonies formed after incubating the cells in the presence 

of potential drug candidates and alone as a control group (Hottman, 1991). 

This type of assay was popular in the 1970s (Weisenthal and Lippman, 

1985). More recent use of this assay has been limited due the quality of re-

suits in terms of their precision and reproducibility (Weisenthal and Lippman, 

1985). Noncolonogenic assays rely on the changes in concentration of bi
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omarkers during cell apoptosis and necrosis. As shown in, Table 3.1, necrot-

iSing cells die more quickly than cells which go through apoptosis. Mitochon-

drial dehydrogenase and ATP are two key biomarkers which give ideas about 

cell viability. 

Time zero 0.5 to 4 h 4 to 48 h >48 h 

Apoptosis 

Lactate dehydrogenase ++++ +++ + 0 
activity 

Metabolism dehydro- ++++ +++ + 0 
genase activity 

A TP activity ++++ +++ + 0 

Necrosis 

Lactate dehydrogenase ++++ 0 0 0 
Activity 

Metabolism dehydro- ++++ 0 0 0 
genase activity 

A TP activity ++++ 0 0 0 

Table 3.1 Showing the cellular changes during apoptosis and necrosis 
(Niles et a/., 2008). 

In apoptotic cells these cease to be produced after 4-48 hours whereas in 

necrotising cells production is ceased within 30 minutes (Table 3.1). Another 

important bio- marker is LDH (lactate dehydrogenase), which leaks from 
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dying cells into the culture medium. The activity of these biomarkers is es

sential for the cell survival and inactivity of the same lead the cells to undergo 

either apoptosis or necrosis. By measuring the activity of these biomarkers, 

cell viability can be determined. Based on this principle three major non

colonogenic assays were developed. 

• By measuring the activity of the LDH enzyme released into the culture 

medium using a redox dye. 

• By measuring the mitochondrial reductase activity using MTT 

• By measuring the ATP activity via a bioluminescence assay (Iucifer

ase-ATP assay) (Niles et al., 2008). 

3.1.1 Cytotoxicity assay based on enzyme release 

This method measures the activity of a specific enzyme which is released 

from dying cells. The concentration of that particular enzyme is directly pro

portional to the number of dead cells (Korzeniewski and Callewaert, 1983; 

Decker and Lohmann-Matthes, 1988). Lactate dehydrogenase is widely ac

cepted as a key biomarker which leaks from the cells which are undergoing 

apoptosis or necrosis (Niles et al., 2008; Korzeniewski and Callewaert, 

1983). A tetrazolium salt, (2-[4-iodophenyl]-3-[4-nitrophenyl]-5-

phenyltetrazolium chloride), interferes with LDH activity of oxidation of lactate 

to pyruvate, and shows a colour change by forming a formazan (Figure 3.1). 

This can be measured using spectrophotometry. 
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~OH 
OH 

-/OH 
o 

Figure 3.1 Showing the principle of the LDH colorimetric assay 

Using this inexpensive assay, researchers have produced consistent and 

precise results. However, only cell death marked by LDH can be measured, 

for example cytotoxicity caused by respiratory chain inhibition cannot be es-

timated (Weyermann et al" 2005) because this assay only measures the 

LDH associated cell death but not mitochondrial reductase. 

3.1.2 ATP assay to measure cell viability 

The presence of ATP in vitro in cells has been accepted as a marker of their 

viability. ATP produces bioluminescence in the presence of luciferase (a pep-

tide prepared from the abdomen of the firefly Photinus pyra/is) (Figure 3.2) 
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Luciferase 

Luciferyl adenylate 

Oxyuciferin 

+ 

Figure 3.2 Showing production of bioluminescence (Fraga et al. , 2006) . 

The amount of bioluminescence is directly proportional to the number of 

viable cells (Niles et al., 2008; Weyermann et al. , 2005; Riss et al. , 2005) . 

The main drawback of this method is that the bioluminescence produced is 

short lived lasting for a few seconds only, as the cells are quickly depleted of 

their stock of ATP (Fraga et al. , 2006). 
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OH 

HO 

Figure 3.3 Colenterazine 

In recent years more stable versions of luciferase have been prepared which 

improves the reliability of this assay by emitting a more intense biolumines

cence (Niles et a/., 2008; Riss et a/., 2005). Gaussia luciferase is a novel en

zyme secreted by expression of a synthetic gene which is a modification of a 

luciferase obtained from a marine copepod, Gaussia princeps. It produces a 

flash of light which has intensity 10 times higher than the bioluminescence 

produced by natural firefly luciferase. This enzyme uses a different type of 

luciferin molecule called colenterazine (Figure 3.3) (Zhao et a/. , 2004; Ma

guire et a/., 2009; Wurdinger et a/. , 2008; Ray and Gambhir, 2007). 

3.1.3 MTT assay 

This assay is based on the fact that the mitochondrial dehydrogenase en

zyme present in viable cells can cleave the tetrazolium ring in 3-( 4,5-

dimethylthiazolyl)-2,5-diphenyltetrazolium bromide (MTT) to give purple co

loured formazan crystals (Figure 3.4) (Mosmann, 1983). 
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N Br 
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V 

MIT Formazan 

Figure 3.4 Showing the formation of formazan crystals 

Using dimethyl sulfoxide (DMSO) these crystals are dissolved and their ab-

sorbance is measured at 590nm (their Amax) allowing the cell viability to be 

quantified. The absorbance obtained from the formazan solution is directly 

proportional to the number of viable cells in the culture (Mosmann, 1983). 

This assay is rapid, robust, less time consuming and precise in terms of data 

quality compared to colonogenic assays. In the current project, the MIT as-

say was chosen because it is inexpensive, easy to setup, rapid and many 

researchers have produced precise results using it. Another important reason 

for its selection was most of the similar cryptolepine work conducted elsew-

here was done using this assay for easy comparison of the results (Onyeibor 

et al. , 2005; Gokcek et al. , 2000; Jerrum et al. , 2006) . 
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3.2 Cell lines 

Three different cancer cell lines: MCF-7 (breast cancer) A549 (lung cancer) 

DLD-1 (colon cancer) were used to test the anticancer activity of the synthe

sised cryptolepine analogues. In addition to ease of culture and laboratory 

maintenance, choosing these cell lines make it possible to compare the re-

suits with previous literature (Wright et al., 2001; Laryea et al., 2009; Zhu and 

Gooderham, May 2006). 

3.2.1 MCF-7 cells (Michigan Cancer Foundation-7) 

This cell line was originally obtained from pleural effusion of patient suffering 

from metastatic breast cancer. 

Figure 3.5 MCF-7 cells after 24 hours from seeding time (magnification: 
20x, bright field) 

The cell line is easy to grow in the laboratory with a population doubling time 

of 29 hours (Horwitz et al., 1975; Soule et al., 1973; Levenson and Jordan, 

1997). MCF-7 cells contain estrogen receptors which indicate that the growth 

of these cells could be influenced by estrogen (Horwitz et al., 1975; Saceda 
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et al., 1988). It was mainly selected because of its reported sensitivity to 

cryptolepine (Laryea et al., 2009). These cells are sensitive to intercalators 

including doxorubicin and anti-estrogens including tamoxifen. 

3.2.2 A549 cells (lung carcinoma) 

This cell line was first cultured from a lung carcinomatous tissue from a 58 

year old male patient by Giard (Giard et al., 1973).This cell line can be easily 

cultured and maintained in the labs. It has a population doubling time of 22 

hours. This cell line previously showed sensitivity to cryptolepine (MIC 10 

IJM) (Zhu and Gooderham, May 2006). 

Figure 3.6 A549 cells after 24 hours from seeding time (magnification: 
20x, bright field) 

3.2.3 DLD-l cells (lung cancer): 

These were derived from a human colorectal adenocarcinoma by Dexter 

(Dexter et al., 1979). Cryptolepine was active against these cells as an anti-

cancer agent with an ICso value of 1.44 IJM (Wright et al. , 2001 ; Laryea et al., 

2009). 
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Figure 3.7 DLD-1 cells after 24 hours from seeding time (magnification: 
20x, bright field) 

3.3 Growth media 

The main aim of cell culture media is to provide the physiological conditions 

for the growing cells in the culture plates. It ideally contains essential nu

trients (carbohydrates, amino acids and vitamins) , growth factors, hormones, 

salts and trace elements. The common carbohydrate used in media prepara

tion is glucose. This could be replaced with galactose which metabolises at a 

slower rate and produces smaller amounts of the undesirable lactic acid. L-

Glutamine is an important essential amino acid required for cell growth and 

functioning. It is used by cells both as an energy source and also to synthe

sise proteins. Where metabolism is not effective due to low levels of glucose, 

cells use L-glutamine as an energy source. 

Foetal bovine serum is another important constituent of complete growth me

dium which provides growth factors, hormones, binding proteins and mine-

rals. When the cells are dividing and growing in the culture media, metabolic 
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waste will build-up which can change the pH of the media. To prevent this, a 

suitable buffer system is used as part of the complete growth media. Bicar

bonate or phosphate buffers are most commonly used. 

The pH indicator phenol red is widely used to detect the change in pH due to 

cellular metabolic reactions. It shows red colour in neutral conditions and it 

turns in to yellow colour in acidic conditions (A TTCC® animal cell culture 

guide - www.atcc.org). 

low pH 

OH 
OH HO 

HO 

Yellow Red 

Figure 3.8 Showing the molecular changes in phenol red causing colour 
change 

Phenol red is a weak estrogen agonist, it binds to estrogen receptor with a 

low affinity, so it should be kept in mind that it could affect the cell growth 

(Berthois et at. , 1986). 

Depending upon the culture requirements, a wide range of salt solutions are 

available to go with culture media. Hank's balanced salt solution, Earle's ba

lanced salt solution and phosphate buffered saline and balanced salt solu-

tions are commonly used. The main roles of salts in the culture media are to 
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maintain osmolality, to maintain constant pH by the buffer effect and to main

tain the permeability and integrity of cell membrane. 

There are a number of cell culture growth media which are commercially 

available. It is necessary to identify what kind of media is suitable to grow a 

particular type of animal cell line. Commonly used complete growth media 

are: 

3.3.1 Eagle's Minimum Essential Medium (EMEM) 

This was first made by Harry Eagle which contains Earle's balanced salt so

lution, non-essential amino acids and a low level of sodium bicarbonate con

centration. It contains 1 giL of glucose (ATCC cell culture guide). 

3.3.2 Modified Eagle's Medium (DMEM) 

This contains double the concentration of amino acids, vitamins and ferric 

nitrate compared to EMEM. It also contains 1000mglL of glucose. According 

to ATCC and PHE (Public Health England), this medium is suitable for cultu

ring MCF-7 and A549 cells (ATCC). 

3.3.3 Roswell Park Memorial Institute (RPMI-1640) 

This was first formulated at Roswell Park Memorial Institute in the USA. It is 

supplied with a higher concentration of glucose then DMEM (4,500 mglL). It 

is also provided with a reduced level of sodium bicarbonate to allow use un

der 5% CO2 during incubation. According to ATCC and PHE this medium is 

suitable to grow the DLD-1 (colon cancer) cell line (PHE). 

3.4 The standard cell proliferation assay 

Different types of cancer cells grow at different rates under the same condi

tions. Before performing the cytotoxicity assay on a cancer cell line, it is 
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necessary to determine optimal seeding cell count. This was done by plotting 

the absorbance obtained from MTT treated cells which were seeded on a 

serial dilution basis against cell number. It not only established the linear re-

lationship between absorbance and cell count but also gave an idea about 

growth characteristics of specific cell lines which helped in designing the cy-

totoxicity assay. 

According to the ATCC-LGC (American Type Culture Collection) standards, 

the optimal seeding count for an MTT assay should give an absorbance 

which lies between 0.75 and 1.25 (Figure 3.10, Figure 3.11, Figure 3.12). 

Using that standard absorbance value, the optimal seeding cell count was 

obtained from the standard curve of each cell line. 

Figure 3.9 Picture showing different concentrations of Formazan formed 
from cells grown at serial dilutions. 
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Figure 3.10 Standard cell proliferation of MCF-7 cells using MTT assay 
n=3 
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Figure 3.11 Standard curve of A549 cells using MTT assay n=3 
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Figure 3.12 Standard curve of DLD-1 cells using MTT assay, n=3 

Upon observing the standard curves of all three cell lines, it became apparent 

that a cell seeding density of 5, 000 gives the required absorbance between 

0.75 and 1.25. The same seeding density was applied to all the MTT assays 

carried out. 

3.5 Cytotoxicity of cryptoiepine 

When the cells were incubated with cryptolepine for 96 hours, it showed anti-

proliferative activity on all the three cell lines. The greatest activity was 

against A459 cells with an IC50 value of 0.47±O.12 ~M compared to MCF-7 

and DLD-1 cells on which it gave IC50 values of 5.9±O.69 ~M and 1.25±O.77 

~M respectively (Table 3.2). 
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Figure 3.13 Dose response curve for cryptolepine using MTT assay 

In 2002 Gokcek carried out the same experiments on A-549 and DLD-1 cells 

and reported IGso values of 0.55 ± 0.05 !-1M and 1.44 ± 0.002 !-1M (Gokcek et 

al./2000). 

From the dose response curve it is observed that no significant activity was 

seen until a 0.10 !-1 M concentration of cryptolepine was applied. After that 

there is a gradual downward trend until 1.00 !-1M. Once the concentration 

reached 10 !-1M the percentage cell survival was essentially zero. 

After exposing cells to 1 !-1M or higher It was observed under the microscope 

that cells started to change their morphology. As the concentration increased 

more cells were lysed and more cell debris was observed. 

3.6 Cytotoxicity of cryptolepine derivatives 

The 11-butylamino and 11-pentylamino compounds showed a higher level of 

activity compared to the isopropyl amino linked compounds suggesting that 

having an alkylamino sidechain is structurally significant 
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y 
A549 MCF 

DLD-

1+ CI- - 1 
cells -7 N /; cells 

~ ~ ~ cells 

I ICso ICso ICso ~ ~ N val- val-
val-H ues ues 

in in 
ues 

X in 
!-1M !-1M 

X Y !-1 M 

H CH3 0.47±O.12 5.90±0.69 1.25±O.77 

H yNy CH3 20.38±2.01 17.92±2.31 37.05±2.36 

H 

"(N~ CH3 1.05±0.15 0.63±0.51 2.85±O.87 

H 

yN~ CH3 0.83 ±0.28 4.253 ± 1.88 2.4±O.96 

H 
yN~N~OH 

H 
CH3 10.41±O.75 6.77±2.03 12.23±1.20 

H 

"(N~ C2HS 12.58 ± 2.12 43.59±4.72 26.73±3.92 

Table 3.2 Cytotoxicity results of cryptolepine derivatives with 11-
alkylamino side chains 

Particularly on MCF-7 cells, these two compounds showed greater activity 

than the parent compound with the butyl amino compound being 10 times 

more potent with an ICso value of O.63±O.51 !-1M. The 11-pentylamino deriva-

tive showed a greater activity than the 11-butylamino compound on A549 and 

DLD-1 cells with ICso values of O.83±O.28 !-1M and 2.4±O.96 respectively. 
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From these results it is identified that the activity of the derivatives not only 

depends on the structure of the compound but also the type of cell lines 

being used for the testing. It is also observed that the length of the side chain 

also played a role in the activity of the amino linked derivatives. 

I 
/N~NH 

Figure 3.14 Cryptolepine derivative with alkylamino side chains as syn
thesised by (Lavrado et al., 2008b) 

The high activity of 11-butylamino cryptolepine might be due to the deloca

lized positive charge. (Lavrado et al., 2008b) (see section 2.3) 

Similar types of compounds (Figure 3.14) with alkylamino side chains were 

previously synthesised by Larvado and co-workers which showed cytotoxicity 

8 times higher than cryptolepine on Human umbilical vein endothelial cells 

(HUVEC) cells (Lavrado et al., 2008b). Another important factor to consider 

here is that alkylamino side chains can potentially increase the lipophilicity of 

the molecule increasing the drug uptake into cells. 
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N 
H H 

N~N~OH 
H 

Figure 3.15 Derivative with an aminoalcohol side chain at 11 position 

The design of this compound (Figure 3.15) was taken from mitoxantrone 

(Figure 3.16), an amino alcohol side chain containing acridine. Alkyl amino 

side chains may be particularly important because they could form electrosta-

tic interactions with negatively charged DNA backbone (Avendano and Me-

nendez, 2008; Alberts et al. , 1985). 

HO~N~ 
H 

Figure 3.16 Mitoxantrone 

H 
N 

OH 

H 

~N~OH 
N 
H 

When it comes to the derivative with the amino alcohol side chain, though the 

activity of this compound was less than butyl and pentylamino derivatives, it 

showed considerably higher activity compared to the isopropyl amino deriva-

tive. It compound showed greater activity on the breast cancer cells with an 

IGso value of 6.77±2.03 IJM this was also observed when Von Hoff and his 

team tested mitoxantrone on 20 different tumour cell lines it showed great 
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activity against breast cancer (MCF-&) cells compared to DLD-1 cells (Von 

Hoff et al., 1981). 

y 

1+ CI- -
N /; '-'::: ~ ~ DLD-1 I A549 cells MC-7 cells 

cells h- ~ N ICso val- ICso val-
H ues in IJM ues in IJM 

ICso val-
ues in IJM 

X 

X Y 
0.47±0.12 5.90±0.69 1.25±O.77 

H CH3 

Br CH3 5.16±1.25 2.15±O.41 3.35±1.62 

I CH3 0.28 ± 0.1 0.1±0.02 0.34±O.05 

CI CH3 42.83± 3.74 62.87±2.71 81.58 ±2.61 

CI C2HS 15.24± 2.2 21±3.62 31.84±3.86 

Table 3.3 Cytotoxicity results of 11-halogenated cryptolepine derivatives 

When 11- halogenated derivatives are compared to the other sets of mole-

cules, the activity shown by the 11-iodo compound was most potent. 11-

Bromo cryptolepine showed second highest activity among all the haloge-

nated compounds tested. And 11-Chlorocryptolepine showed the lowest acti-

vity. 

In summary 11-halognated analogues followed a downward trend of activity 

from 11-iodo to the 11-chloro derivative. But when these halogenated deriva-

tives are compared with the parent compound, 11-chlorocryptolepine showed 

a decreased activity whereas 11-bromo and 11-iodo derivatives showed in-
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creased. These changes can be explained by considering the following pro

perties: 

Size of the halogen attached 

The size of constituent atom can plays a role in the drug receptor interaction. 

To achieve an optimum drug-receptor interaction size of the atom should be 

optimum based on the available spatial orientation at the site of interaction. 

Polarisation 

Halogens exhibit the capacity of causing distortions in chemical bonds which 

can gives raise to polarising power which can affect the overall charge on the 

molecule which can affect the pharmacokinetics of cryptolepine 

Eg. Calicheamicin as a case study 

The calicheamicin is an enediyne antibiotic derived from the bacterium Mi

cromonospora echinospora. It binds to DNA with role played by the iodine 

atom present on the thiazoate ring assisting in forming a good DNA-ligand 

complex. Hawley and his team demonstrated that there is an intermolecular 

contact between the polarisable iodine atom present on the thiazoate ring 

with the exposed amino proton outside the ring from the 5' guanine base of 

the DNA (Hawley et al., 1989). 
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Figure 3.17 Showing the structure of Calicheamicin 

Figure 3.18 Showing intermolecular contact between polarisable iodine 
atoms present on the thiazoate ring with the amino proton outside the 
ring from the 5' guanine bases (yellow mesh; Iodine, pink mesh: amino 
hydrogen from guanine, green mesh: sulphur). 
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This Van der Waals interaction between iodine and amino hydrogens is im

portant (3.43 ± 0.33 AO) for optimal binding and selectivity of drug towards 

that particular DNA sequence (Hawley et al., 1989), which was confirmed by 

making and testing the other halogenated analogues choloro, bromo and 

fluoro derivatives (Li et al. , 1994). 

A gradual decrease in the DNA-binding was observed from iodo to fluoro an

alogues of Calicheamicin (Li et al., 1994). Similar results were seen from hal

ogenated cryptolepine derivatives; the anticancer activity was decreased 

from iodo to chloro gradually. 

This could mean that the presence of Iodine atom at 11- position may have 

been involved in similar molecular interactions which were contributing for the 

DNA binding efficiency of 11-iodocryptolepine. DNA binding results of these 

compounds were discussed in section 3.11 . 

When it comes to derivatives with 11-amido linkages, these compounds 

showed comparitavely less activity than other sets of compounds. Amongst 

the amido-derives, 11-butyamido compound showed highest activity whereas 

the 11-isopropylamido derivative showed lowest activity (Table 3.4). Also the 

electron movement from nitrogen creating a negative charge on the on the 

oxygen (Figure 2.35). 

Regardless of whether it is an amino derivative and an amido derivative, hav

ing an isopropyl group reduced the activity significantly. This could be due to 

the steric effects arising due to bulky isopropyl functional group. 
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A549 MCF-7 DLD-1 
cells cells cells 
IC50 IC50 ICso 
values in values in values 

IJM IJM in IJM 

X Y 

CH3 42.64± 3.17 31 .72±2.S6 7S.01±2.92 

CH3 21.41±1.76 7.26±1 .24 4 .14±O.891 

CH3 12.38±2.16 9.1S±1 .S6 1S.21±3.23 

Table 3.4 Cytotoxicity results of cryptolepine derivatives containing 11-
alkylamino sidechains with amidolinkages 

Amongst all the molecules synthesised, derivatives with 11-alkylamino lin-

kages and 11-halogenated compounds showed comparatively greater activity 

than compounds having 11-amido side chains. 

3.7 Topoisomerase II inhibition studies 

DNA topoisomerases unknot the higher order structures of DNA to simple 

double stranded versions; this was discussed in section 1.4.8. This process 

involves breakage and relegation of the double stranded DNA. Essential cel-

lular functions including DNA replication, transcription, and chromosomal se-

gregation require topoisomerase II activity (topo II). Topo II poisons may 

cause DNA breaks along with enzyme inhibitory action which ultimately af

fects the cell cycle (Clifford et a/., 2003).Testing cryptolepine derivatives for 
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topo " activity not only gives information about the capacity of a particular 

compound to inhibit the enzyme but, upon comparing the results with DNA 

binding studies (see section 3.12), it gives insights into the mode of action by 

which cytotoxicity may be exhibited. Two widely used procedures to assess 

the topo " poisoning effect of a compound are; one using supercoiled plas-

mid DNA and the other using catenated kDNA (Marini et a/., 1980). 

In the super coiled plasmid based DNA method, after treatment with topo II 

DNA becomes relaxed and the products formed can be identified by running 

gel electrophoresis (Cheng et a/., 2012; Gong et a/., 2006) (Topogen, 2005). 

If a drug has topo II catalytiC inhibitory action it does not allow the supercoiled 

DNA to be relaxed which will be seen on the gel as a band remaining at the 

baseline the same as the negative control. 

Topo II 

Catalytic 
Inhibitors 

Inhibits 

Supercoiled 
plasmid DNA 

Topo II-DNA covalent com
plex (Stabilised DNA break) 

Drug o 
No drug 

Intact DNA 

Poisons 

! 
n 
Linear DNA 

o 
Closed 
ci rcular 
DNA 

Figure 3.19 Schematic representation of topo II activity experiment us
ing supercoiled plasmid DNA 
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If a drug has a topo " poisoning effect it will produce strand breaks in the 

DNA by stabilising the DNA-Topo " complex which produces linearised DNA 

after removal of topo II by using protein kinases (PK) (Figure 3.19) (Topogen, 

2005). These DNA products will show a different band pattern compared to 

either the initial supercoiled or the intact closed circular DNA. 

The other method for measuring topo " inhibition or poisoning uses ca-

tenated kDNA as a substrate which becomes decatenated upon treatment 

with topo " (Bonjean et a/. , 1998; Marini et a/., 1980; Gong et aI. , 2006). In 

the current project this method was employed because band recognition is 

simple. 

Catenated kDNA Decatenated kDNA 

Figure 3.20 Schematic representation of topo " activity experiment us
ing catenated kDNA 

In the presence of the drug the decatenation processes do not occur so the 

heavier catenated DNA stays at the baseline of gel electrophoretograph. 
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3.8 Topo II activity of cryptolepine derivatives 

Table 3.5 shows the results for the current study. Gryptolepine has been 

tested for topo II activity in the past using both of the methods outlines above 

and it has been proposed that cryptolepine acts as a topo II poison (Bonjean 

et al., 1998; Bailly et al., 2000; Dassonneville et al. , 2000). 

Topo II activity ex-
pressed as minimum in-
hibitory concentration 
(MIG) in ~M 

X Y 

H GH3 0.5 

GI GH3 0.25 

GH3 >100 

H 

yN~ GH3 0.25 

Table 3.5 Showing activity of cryptlepine and its analogues on topo II 
expressed in MIG values. 

When cryptolepine was tested for its topo II activity it gave a minimum inhibi-

tory concentration value (MIG) of 0.5 ~M . The same result was reported by 
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Bonjean and his team on supercoiled plasmid DNA obtained from Esterichia 

coli (Bonjean et al., 1998). 

This group also demonstrated that the topo II activity of cryptolepine is linked 

to the anti-proliferative or anti-tumoral capacity of the drug. 

Figure 3.21 Showing the Topo II activity of cryptolepine 

Where, Lane1 = Blank, Lane 2 = kDNA, Lane 3 = Decat kDNA, Lane 4 
= Linear kDNA, Lane 5-13 = cryptolepine (100-0.25 ~M) , Lane 14= 
Top2 only and Lane 15 = Vp-36(positive control) 

11 -Butylamino cryptolepine showed the highest topo II inhibition of the com-

pounds tested (Table 3.5) and also the highest cytotoxicity (Table 3.2). This 

continues to support the link between the two. The analogue with the 11-

isopropylamido group gave much lower topo II activity than parent compound 

and this reflected the low cytotoxcicity of cryptolepine derivatives having iso-

propyl group. 

However the 11 -chloro derivative failed to confirm this relation and gave a 

low cytotoxicity despite having high topo II activity. The topo II activities ob

tained from both compounds are significantly higher than that of the parent 

compound. 
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It was thought that these irregularities between cytotoxicity and topo II activi

ty results could be due to the differences in the pharmacokinetics of the com

pounds in so it was considered that drug uptake was an important factor to 

investigate. 

3.9 Fluorescence microscopy 

To investigate whether the drug is reaching the nucleus by crossing the cellu

lar barriers fluorescence microscopy can be used. For this experiment A549 

cells were selected by observing the morphology under a microscope. 

Though the cultured cells are in monolayers, MCF-7 and DLD-1 cells tend to 

form clusters in the culture plate whereas A549 cells are evenly spread. 

Cells were first treated with drug for one hour and then the nuclei were stai

ned with DAPI (staining due to DNA minor grove binding) and observed un

der a fluorescence microscope. DAPI exhibits a blue colour fluorescence (Fi

gure 3.23) when it binds to DNA, and cryptolepine analogues were analysed 

for their fluorescence activity for their usability as fluorescent ligands so fluo

rescence spectra were recorded (Chhikara et a/., 2012; Jansen et a/., 2004). 

First the maximum absorbance was recorded using a UV-VIS spectropho

tometer and then that wavelength (Figure 3.24) was used as the excitation 

wavelength to obtain fluorescence spectra (Figure 3.25 and 3.26) of the deri

vatives. Out of the compounds scanned, the 11-halogenated analogues and 

the derivative with the 11-butylaminosidechain emitted high enough fluores

cence intensity to enable fluorescence microscopy. For this reason 11-

chlorocryptolepine and 11-butylaminocryptolepine were picked. 11-

chlorocryptolepine was included in a view to figure out the reasons behind its 

low cytotoxicity despite its high topo II activity. 
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Figure 3.22 Showing the fluorescence spectrum of DAPI 
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Figure 3.24 Excitation spectrum of 11-chlorocryptolepine 
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Figure 3.25 Emission spectrum of 11-chlorocryptolepine 
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y 

1+ CI- -
N /; ~ ~ 

~ I Excitation Emission 
~ ~ N wavelength wavelength 

H 

X 

X Y 

H CH3 431 540 

CI CH3 440 554 

H yNy CH3 422 477 

H 

'(N~ CH3 424 463 

Table 3.6 Showing excitation and emission spectra of cryptolepine de
rivatives 

Fluorescence microscopic pictures were taken for both DAPI and drug by 

exciting them at their respective excitation wavelengths and then overlaying 

them to look for co-localisation (Molenaar et al., 2000; Burger et aI., 1999) . 

These microscopic pictures (Figure 3.26Figure 3.26 Showing colocalisation 

of DAPI and drug in the nucleus of A549 cells. Magnification: 40x, green: 11-

butylamino cryptolepine (C), blue: DAPI nuclear dye (B), Overlay of both drug 

and DAPI (D)) revealed that 11-butylamino cryptolepine has successfully 
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reached to nucleus. Though the drug (11-butylaminocryptolepine) was 

spread all over the cell, high concentration is 

Figure 3.26 Showing colocalisation of OAPI and drug in the nucleus of 
A549 cells. Magnification: 40x, green: 11-butylamino cryptolepine (C), 
blue: OAPI nuclear dye (8), Overlay of both drug and OAPI (0) 

localised at nucleus, which was clearly seen in the pictures as more bright 

fluorescence was arising from the nucleus of the cell which is co localised 

with OAPI. The same was observed with 11-chlorocryptolepine but the fluo-

rescence intensity seemed to be lower than 11-butylaminocryptolepine. Simi-

lar experiments were conducted by Carl and his team to see the cellular loca-
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lisation of fluorescent zinc complexes using DAPI as a counterstain 

(Redshaw et al., 2012). 

Figure 3.27 Showing Colocalisation DAPI and drug in the nucleus of 
A549 cells. Magnification: 40x, green: 11-chloro cryptolepine, blue: 
DAPI nuclear dye, Overlay of both drug and DAPI 

These drug localisation experiments only gave information about whether the 

drug is present in the nucleus or not. By measuring the amount of drug taken 

up by the cells after treatment for particular time will give quantitative infor

mation about the rate of drug uptake in the cells. 

3.10 In vitro drug-uptake studies 

In the literature there are only a few reports on the pharmacokinetics of cryp-

tolepine (Noamesi et al., 1991) and no studies were found on quantitative in 

vitro drug uptake studies. One study by Bonjean showed that cryptolepine 

was easily taken up by B16 melanoma cells by crossing the cell membrane. 

They have also showed that the drug predominantly localised in the nuclear 

region than cytoplasm (Bonjean et al., 1998). 
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One in vivo study shows that upon IV injection, cryptolepine was rapidly dis

tributed and localised in most tissues of the mouse body but high localization 

was observed in the liver, adrenal medulla and melanin containing eye tis

sues. It was also reported that it did not reach the central nervous system 

(CNS) (Noamesi et al., 1991). 

In another study it has been demonstrated that cryptolepine reaches blood 

circulation within the first half hour after an oral dose of 10mg/kg in rats. From 

these studies it was understood that cryptolepine was rapidly absorbed by 

the in vivo systems (McCurrie et al., 2009). 

Being unable to find a suitable methodology to carry out invitro drug uptake 

studies on cryptolepine from the previous literature, a search was continued 

for similar work on other molecules. 

Kunwar and his co-workers studied quantitative drug uptake, localisation and 

cytotoxicity of curcumin in cancer cells using fluorescence spectroscopy and 

fluorescence microscopy (Kunwar et al., 2008). They treated cells with drug 

for four hours and then the cells were separated from the culture medium and 

the drug taken up by the cells as extracted using methanol from the cell ly

sate. Then the amount of drug taken up was quantified using UV spectrosco

py with the help of curcumin's extinction coefficient value of 48000 M-1cm-1
• 

In the same study they also carried out sub-cellular fractionation using centri

fugation on the cell lysate to separate the drug contained nuclear and cell 

membrane portions so the drug localisation could be quantified. They used 

DAPI as a nuclear stain to show the co-localisation of the curcumin at nu-
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cleus by overlaying the fluorescence images of curcumin and DAPI (Kunwar 

et al., 2008). 

o o 
I o 

OH 

Figure 3.28 Curcumin 

In another study Anand and co-workers also used fluorescence microscopy 

to estmate the cellular uptake of a curcumin-Ioaded nano particle formulation 

(Anand et al. , 2010). They also measured fluorescence intensity after drug 

treatments. 

Jain and Jain used fluorescence microscopy to evaluate the cellular uptake 

of calcein (a green fluorescent dye) loaded hyaluronic acid coupled chitosan 

nanoparticles containing 5-fluorouracil. 

Figure 3.29 Calcein 
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This qualitative work was done by incubating the cells with drug for four 

hours and then washing using PBS, lysing and then fluorescence intensity 

was measured (Jain and Jain, 2008). 

One other important study to determine the amount of doxorubicin uptake in 

MCF-7 cell lines was done by Mariko and co-workers. They took advantage 

of the fluorescent properties of doxorubicin and used fluorescence assisted 

flow-cytometry to measure the drug uptake. In this method the flow-cytometer 

measure the fluorescence intensities arising from each doxorubicin contained 

cell and integrates to give a total fluorescence intensity which can be used to 

measure quantitative drug uptake. 

This team also used HPLC to quantify the amount of drug taken up by the 

cells on a 6 hourly basis for 24 hours (Bontenbal et al., 1998). The majority of 

the literature methods used fluorescence spectroscopy and fluorescence mi

croscopy to determine the drug uptake in the cells. For this purpose drugs 

are generally tagged with fluorescent ligands unless the drugs themselves 

are fluorescent like doxorubicin. 

Cryptolepine is a fluorescent compound and so it can be observed using a 

fluorescent microscope allowing a quantitative drug uptake method to be de

signed. 

Though cryptolepine is fluorescent, making derivatives can alter the fluores

cence properties of the analogues, so all the compounds were first scanned 

using a fluorescence spectrophotometer. It was observed that the amido 

compounds showed less fluorescence than the derivatives with amino lin-
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kages, whereas the 11-halogenated compounds emitted the highest fluores

cence. However all the tested compounds emitted fluorescence. 

To carry out the drug uptake studies A549 cells were selected because, after 

drug treatment, they make evenly spread monolayers. MCF-7 and DLD-1 

cells tend to form clusters in the culture plates this was observed under mi

croscope while performing cytotoxicity assays. 

Based on the above mentioned literature, a method was designed based on 

fluorescence spectroscopy. This method mainly follows the methodology 

used by Kunwar and his co-workers. A549 cells were cultured for 24 hours 

and then incubated in the drug solution to be tested. Drug uptake was mea

sured every 30 min for 3 hours by washing cells with PBS and then cells 

were lysing using Tritonx-100 (a non-ionic surfactant which increases the cell 

permeation) and extracting the drug using methanol. Fluorescence intensity 

was measured and compared using a positive control of the same drug solu

tion and result was expressed as percentage drug uptake. 

The amount of fluorescence exhibited by each drug can be different, so the 

same drug was taken as positive control (without any cells being present-

100%) percentage drug uptake was calculated. This percentage drug uptake 

was directly proportional to the amount of drug present in the cells. 
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Figure 3.30 Calibration graph of 11-chlorocryptolpeine 

Looking at the in vitro drug uptake results, 11-butylamino cryptolepine was 

taken up into the cells more quickly than any other compounds tested 

reaching 40% within first 30 min after drug treatment, then it continued to rise 

up to 60% in 1.5 hours. After 1.5 hours percentage drug uptake started to 

decrease reaching to a 20% at 3 hours this could be due the oozing of cellu-

lar contents along with drug from ruptured cell membranes of dying cells. 

This high rapid percentage drug uptake in to the cells may be the reason for 

high activity of 11-butylamino cryptolepine. 

When it comes to 11-chlorocryptolepine, the percentage drug uptake was 

comparatively lower than 11-butylamino derivative. It only reached 25% in 

the first 30 minutes and then raising to a 40% at two hours then it started to 

decline and reached about 30% at three hours. This lower rate might be the 

reason behind the lower cytotoxcicity of 11-chlorocryptolepine. 

Another important issue in the drug uptake profile of this compound was that 

the intracellular concentration of 11-chloro derivative did not fall as quickly as 
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11-butylaminocryptolepine. This may be due to lower cytotoxicity of the 11-

chlorocryptolepine. 

When the drug uptake of 11-chlorocryptolepine was compared with its parent 

compound, cryptolepine was loaded in to the cells quicker and reached a 

higher maximum concentration than 11-chlorocryptlepine. 

11-lsopropylaminocryptolepine gave a poor drug uptake profile with a per

centage drug uptake of 8% in the first thirty minutes which is 6 times lower 

compared to 11-butlamino cryptolepine and approximately 4 times lower than 

the parent compound. The maximum drug uptake of 18% was seen at 2.5 

hours which is 3 times lower than 11-butlamino cryptolepine. 
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Figure 3.31 Showing the rate of drug uptake of tested Ligands in A549 
cells 
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3.11 Drug-DNA binding assay 

Cryptolepine has potential to act as an anticancer agent by intercalating into 

DNA (Lisgarten et al., 2002a). DNA binding efficiency should be determined 

to see whether synthesized derivatives have increased this DNA binding effi

ciency or not. It also gives clarity on the mode of action by which a particular 

derivative is showing cytotoxicity. For example despite its high topo II activity 

the 11-chloro derivative showed less cytotoxicity. 

In the literature there are number of ways to assess the DNA binding of a 

ligand. These are dependent on the type of DNA is being used in the experi

ment (Pei and Stojanovic, 2008; Monchaud et al., 2008). 

3.11.1 Calorimebic techniques 

Isothermal titration calorimetry and differential scanning calorimetry depends 

on the changes in the confirmation of the polymorphism of DNA during bin

ding. This conformational change process involves either absorption or re

lease of heat from the system. By measuring this it allows the quantification 

of binding strength (Hopkins Jr, 1997; Palchaudhuri and Hergenrother, 

2007b). 

3.11.2 ESI-MS (electro spray ionization - mass spectrometry) 

In this method quadruplex DNA is mixed with different molar ratios of ligand 

and the products are compared by analysing the mass spectrum of the pro

ducts. Disappearance of the DNA peak in the spectrum or appearance of the 

DNA-ligand complex indicates binding. The ratio of aboundances of the 

Drug-DNA complex to DNA gives the binding affinity (Monchaud et al., 2008; 

Zhou and Yuan, 2007). 
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3.11.3 Circular Dichroism 

This technique uses a plane polarised light rotated along its own axis to form 

a helical waveform. When a circular polarized light beam passes through a 

solution containing an optically active species, the speed and wavelengths of 

left and right polarisations would be absorbed to different extents. This diffe-

rence is characteristic for optically active compounds and is concentration 

dependent. This is normally expressed in molar ellipticity which is the tangent 

of the ratio of the minor to major elliptical axes. When a ligand binds to DNA 

this molar ellipticity will be changed and the spectrum shows this (Zhou and 

Yuan, 2007; Kobayashi, Muranaka and Mack, 2012). 

3.11.4 Fluorescence resonance energy transfer melting assay (FRET mel

ting assay) 

In this method two fluorescent probes are attached to a specific DNA se-

quence. Fluorescent probes are selected in such a way that the excitation 

spectrum of one is matched to other's emission spectrum, meaning when the 

one probe is excited the released energy is absorbed by the other giving no 

emission for the first excited probe. For this to happen the DNA sequence 

should be approximately 10 - 80 0 A long. 

Acceptor 

Figure 3.32 Showing fluorescence resonance energy transfer FRET 
system 

When this distance increases by any means, the system is altered so that the 

emission of the first excited probe will show up on the fluorescence spectrum 
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as the energy is not transferred to the other probe attached to the other side 

of the sequence. DNA binding of a ligand can be measured by increasing the 

temperature of the system gradual/y by causing the DNA to melt meaning the 

distance between the donor and the acceptor probes will increase(De Cian et 

al., 2007). 

The temperature data is col/ected based on melting results and this is signifi

cantly different if the ligand is able to bind to the given sequence. When li

gand stabilizes the nucleotide, the denaturation temperature of the ligand 

bound oligonucleotide will increase. This assay is particularly useful in as

sessing the binding ability of G-qudruplex DNA ligands (De Cian et al., 2007; 

Juskowiak, 2006; Mergny and Maurizot, 2001). 

Larvado and co-workers tested cryptolepine anlogues using this method 

which were shown to stabilise G-quadruplex DNA (Lavrado et al., 2010b). 

The main advantages of this method are it is quick and can be applied to 

high-throughput screening (HTS). Disadvantages are potential quenching of 

the probe by the ligand and chemical modification of the nucleotide is requi

red. 

3.11.5 Fluorescent Intercalator Displacement assay (FlO) 

Thiazole orange produces fluorescence only when it binds to DNA. 

Adecrease in the fluorescence will occur when it unbound or displaced from 

DNA. When thiazole orange is bound to DNA in solution, if another ligand 

with a higher DNA affinity displaces thiazoleorange from DNA then a fall in 

the fluorescence will be seen. Based on this principle ligands have been 

tested for their DNA binding efficiency for duplex and quadruplex DNA se-
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quences (Pei and Stojanovic, 2008; Monchaud et al. , 2008; Monchaud et al., 

2006) 

+ +Yz1!!1 " ~ 

DNA Fluorescence No Fluorescence 

Figure 3.33 Scheme showing thiazole orange displacement by ligand in 
a duplex 

The amount of thiazoleorange displaced by the tested ligand can be calcu-

lated using the following equation: 

% Thiazole orange displacement displacement = 100- [(FAlFAo)*100] 

Where FAO is the fluorescence area of thiazole orange in the absence of ex-

ternal ligand, FA is the fluorescence area of thiazole orange in the presence 

of cryptolepine derivatives (Monchaud et al. , 2008). The fluorescence area is 

the integral of the total area under the fluorescence curve. 

Advantages 

• A variety of nucleotides and ligands can be tested without any modifi-

cation required 
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• Ease of experimental setup 

• Easy to simulate physiological conditions including maintenance of 

temperature and pH most of the modern fluorimeters offers this facility 

• HT8 applicability 

Disadvantages 

• Competition between ligand and the thiazole orange can give minor 

false results. 

• There should not be any overlap between absorption spectrum of li

gand and emission spectra of thiazole orange. 

Upon on studying all the methods FlO was selected as method of choice for 

the current project for its robustness and the fact that we can use different 

types of DNA sequences (duplex, quadruplex) to test various ligands. 

Using this fluorimetric titration assay, cryptolepine derivatives were tested for 

their selectivity and efficiency of DNA binding. This assay was done using 

two types of DNA sequences; one was a duplex DNA (0826) and the other 

was quadruplex DNA (22AG) 
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Figure 3.34 Scheme showing thiazole orange displacement by ligand in 
a quadruplex DNA. 

22AG is an oligonucleotide which is similar to the human telomeric sequence. 

It is a repeat of the [5' -AG3(T 2AG3)s-3'] which forms G quadruplex DNA. 

DS26 is a self-complementary DNA sequence 5'-

chaud et al., 2008). Figure 3.35 and Figure 3.36 shows the gradual decrease 

in the fluorescence arising from displacement of thiazoleorange from quadru-

plex (Figure 3.35) and duplex DNA (Figure 3.36) up on gradual increase of 

the ligand concentration. 

15 
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Figure 3.35 Showing displacement of thiazole orange by 11-
Chlorocryptolepine in 22AG (G-quadruplex DNA) using increased ligand 
concentrations (7.5, 4.5, 3, 1.5, 0.75, 0.375 IJM), cell volume = 3ml. 
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550 600 650 700 750 
Wavelenath (nm) 

Figure 3.36 Showing displacement of thiazole orange by 11-
Chlorocryptolepine in D826 (duplex DNA) using increased ligand con
centrations (7.5, 4.5, 3, 1.5, 0.75, 0.375 J.JM), cell volume = 3m!. 

From the Table 3.7, the 11-halogented derivatives showed the highest DNA 

binding with slightly more selectivity towards duplex DNA over G-quadruplex 

DNA. Particularly the 11-iodo compound showed the highest DNA binding in 

both duplex and quadruplex sequences. This reinforces the cytotoxicity data 

as high cytotoxicity was shown by the 11-iodo compound. The 11-chloro de-

rivative showed better DNA binding efficiency than parent molecule. 
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Figure 3.37 Showing a comparison between DNA binding and cytotoxi
city profiles (A549 cells) of tested derivatives (see table 3.7 for details of 
L 1-L9)) 

11-alkylamino derivatives showed greater DNA binding than the original 

compound, especially the molecules with the 11-butylamino and pentylamino 

sidechains. 
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y 

1+ CI --
N 

!J ~ '-': ~ Kd values Kd values 
I 
~ ~ Ligand 

(OS26 - du- (AG22- quad-
N plex DNA) ± ruplex DNA) ± 
H (SO) (SO) 

X 

X Y 

CI CH3 L1 0.40 ± 0.20 0.63 ± 0.002 

H 
yN~ CH3 L2 0.79 ± 0.37 5.01 ± 1.85 

H 

°rN~ CH3 L3 2.00 ± 0.74 3.55 ± 1.04 

H 
yN~N~O. CH3 L4 2.51 ± 0.58 3.98 ± 1.53 

H 

H 

\:N~ CH3 L5 1.26 ± 0.26 6.31 ± 3.15 

H 

yN~ C2H5 L6 1.55 ± 0.55 26.92 ± 6.96 

H yNy CH3 L7 2.51 ± 0.33 39.81 ± 5.17 

I CH3 L8 0.10 ± 0.06 0.32 ± 0.10 

H CH3 L9 1.62 ± 0.62 2.45 ± 0.36 

Table 3.7 Shows DNA binding efficiency of tested cryptolepine ana
logues in Kd values. 

The same pattern was observed as in the cytotoxicity data. Isopropylamino 

containing molecules did not show better activity than butylamino containing 

compound (see section 3.7). Of a particular note, the isopropylamino com-
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pound showed binding efficiency to G-quadruplex which is 16 times lower 

than its duplex DNA affinity. When compared to the original compound, 11-

butyl and pentylamino derivatives showed higher binding efficiency to duplex 

DNA, whereas the same compounds showed low binding efficiency towards 

G-quadruplex sequences inferring that the compounds with 11-alkylamino 

sidechains prefer duplex DNA over quadruplex DNA. 

Even though the derivative with the aminoalcohol sidechain did not show 

higher DNA binding to duplex DNA, its quadruplex binding efficiency is con

siderably higher than derivatives with 11-alkylamino sidechains. More impor

tantly there is not much difference between its binding capacities towards 

both types of DNAs. Whereas derivatives with 11-alkylaminosidechains dis

played a high selectivity towards duplex DNA. 

When it comes to derivatives with alkylamido sidechains, only the 11-

butylamido compound was tested as it showed higher cytotoxicity compared 

to the other amido derivatives. It showed less binding efficiency towards both 

duplex and quadruplex DNAs when compared to original compound but its 

quadruplex binding capacity is higher than 11-alkylamino derivatives implying 

that it prefers G-quadruplex structures than duplexes. Overall cryptolepine 

preferred duplex DNA over G-quadruplex DNA, this may be because of its 

selectivity towards GC rich sequences present in the duplex DNA. 
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mental 

4.1 General details 

Chemistry Experi-

All the chemicals used in the synthesis were purchased from Sigma Aldrich, 

UK. 

4.1.1 Column chromatography 

Columns were prepared using silica gel with a pore diameter of 0.035 - 0.070 

mm and a mesh size of 220-440. 

4.1.2 Nuclear Magnetic Resonance(NMR) 

NMR spectra were recorded on BrOker Avance III 400 two-channel FT-NMR 

spectrometer (AV400). It is equipped with a 5 mm BBFO+ probe (broadband 

multinuclear, auto-tune, with Z-gradients), a 60-position sample changer and 

a variable temperature control unit (VT range of the probe -150°C to 150°C) 

that may be used in conjunction with a 26 L liquid nitrogen Dewar for sub

zero experiments. Spectra were recorded using TopSpin 3.0 pl4, © 2010 

BrOker BioSpin, control and processing software and IconNMR 4.5.1 Build 51 

for TopSpin 3.0 automation software. 

Spectra were processed and analysed using ACD NMR processing software, 

version12. 
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4.1.3 Mass spectra (MS) 

Mass spectra of compounds were obtained using Waters LCT-TOF- MS ins-

trument using ESI selective mass detector and Agilent 5973 GC-MS. 

4.1.4 High-resolution mass spectra (HI-RES MS) 

High resolution mass spectra of compounds were obtained from Medac labs, 

UK (BS EN IS09001 :2008) using Waters LCT Premier (ES-ToF)/Acquity i-

Class mass spectrometer 

Ionisation: Electrospray (ES). High resolution data was recorded via singly 

charged ions up to 1500 Da. 

4.1.5 Infrared (IR) 

Infrared spectra were recorded on Thermo Scientific™ NicoleFM iS™5 FT-IR 

Spectrometer. 

4.1.6 Melting point 

Melting pOints were measured using Gallenkamp digital Melting-point appa-

ratus 5A 6797. Up to 350 °C (Divison: 0.1 °C. 220 V) 

4.2 Ethyl N-(2-cyanophenyl)carbarnate 

(44) 

Figure 4.1 Ethyl N-(2-cyanophenyl)carbamate 
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2-Aminobenzonitrile (6.28 g, 53 mmol) and ethyl chloroformate (26 ml, 273 

mmol) were mixed and heated to reflux for 6 hours. Excess solvent was eva-

porated in vacuo then 16 ml of toluene were added and then the reaction 

mixture was cooled to approximately 80°C and then 38 ml of cyclohexane 

were added to induce crystallisation. The product was recrystallised from cy-

clohexane and dried under vacuum to obtain the product (44) (Figure 4.1) as 

pale yellowish crystals (7.26 g, 38.1 mmol,95%). 

Melting point 104-105 °C (Lit. 103-104 °C) (Gelotte et al., 1990). 

1H NMR (400MHz, chloroform-d3) 0 ppm 8.24 (d, J = 8.4 Hz, 1 H, H-6), 7.53 -

7.61 (m, 2H, Ar-H), 7.15 (br, s, 1 H, NH), 7.09 - 7.14 (m, 1 H, Ar-H), 4.27 (q, J 

= 7.1 Hz, 2H, CH2), 1.35 (t, J = 7.1 Hz, 3H, CH3). 

13C NMR (101 MHz, chloroform-d3) 0 ppm 152.9 (C=O), 141.0{C-1), 134.2 

(C=N), 132.3 (C-Ar), 123.1 (C-Ar), 119.3 (C-Ar), 116.4 (C-Ar), 100.9 (C-Ar), 

62.0 (CH2), 14.4 (CH3). 

GC-MS m/z (relative intensity, %) 190 (20) (M+), 144 (100) 

IR v cm-1 3300 (NH stretch), 2221 (CN stretch), 1705 (C=O stretch). 

4.3 3-Amino-N-2-(7 -nitrobenzoyl) indoline-t-carboxylate 

4 5 

Figure 4.2 3-Amino-N-2-(7-nitrobenzoyl) indoline-1-carboxylate 
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Ethyl (2-cyanophenyl) carbamate (44) (Figure 4.1) (2.01 g, 13.8 mmol) was 

added to a solution of potassium carbonate (4.21 g, 30.46 mmol) in dimethyl

formamide (21 ml). The solution was stirred at room temperature for 45 mi

nutes. A solution of 2-bromo-2' nitro acetophenone (3.05 g, 12.40 mmol) in 

DMF (10 ml) was added drop wise (over 5 min) to the reaction mixture and 

stirring was continued for 2.5 hours. Then the reaction mixture was slowly 

poured into 200 ml of distilled water and a yellow precipitate formed which 

was allowed to settle for 18 hours, which was then collected by filtration and 

dried in vacuo. Recrystallisation was carried out twice from methylated spirits 

and shiny yellow crystals of (42) (Figure 4.2) were obtained (2.18 g, 50%). 

Melting point 204-205 °e 

1H NMR (400MHz, chloroform-d3) 0 ppm 8.13 (dd, J = 0.7 Hz, J= 7.7Hz, 

1 H), 7.93 - 7.99 (m, 1 H), 7.52 - 7.65 (m, 5H, Ar-H), 7.31 - 7.38 (m, 1 H, H-6), 

6.32 (br. s, 2H, NH2), 3.90 (q, J = 7.1 Hz, 2H, eH2), 1.00 (t, J = 7.1 Hz, 3H, 

eH3)' 

13e NMR (101MHz, chloroform-d3) 0 ppm 182.1 (e-1'), 151.4 (e-8), 147.4 

(e-7'), 146.5 (e-Ar), 138.6 (e-7a), 136.5 (e-4a), 132.1 (e-3), 130.5 (e-7'), 

129.8 (e-Ar), 128.0 (e- Ar), 124.0 (e- Ar), 123.1 (e- Ar), 121.3 (e- Ar), 119.6 

(e- Ar), 116.3 (e- Ar), 114.6 (e- Ar), 62.6 (e-9), 13.4 (e-1 0). 

ESI-MS Mlz (relative intensity %) 354 (12) (M+), 376 (100) (M+Na) 

IR v cm-1 3461 (NH stretch), 3333 (eN stretch), 1732 (e=o stretch). 
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4.4 5,10-dihydroindolo[3,2-b ]quinolin-ll-one 

o 

Figure 4.3 5,1 0-dihydroindolo[3,2-b]quinolin-11-one 

Chemistry Experimental 

To a solution of 3-amino-N-2-(7-nitrobenzoyl) indoline-1-carboxylate (4S) 

(Figure 4.2) (0.77 g, 2.18 mmol) in THF (10ml) , sodium hydride (0.20 g, 8.30 

mmol) (60% w/v NaH in mineral oil) was added under dry conditions and the 

mixture was stirred for 1.75 hours. The reaction mixture was poured into 75 

ml of distilled water then acidified by dropwise addition of concentrated acetic 

acid. A yellow-brown colour precipitate was collected by filtration which was 

then washed twice with water and dried in vacuo. 

To the solid, 10 ml of ethanol were added with stirring to form a solution. 

Then aqueous sodium hydroxide solution (1.5 g in 10 ml) was added and the 

mixture was heated to reflux for 30 minutes. The reaction mixture was evapo

rated and the remaining residue was gently triturated with distilled water (25 

ml). The solid was dried and recrystallised twice from ethanol to form yellow

brown crystals of 5,1 0-dihydroindolo[3,2-b]quinolin-11-one (2S) (Figure 4.3) 

(230 mg, 69%). 

Melting point> 300 °G. 

1H NMR (400 MHz, DMSO- dB) () ppm 12.18 - 12.61 (s , 1 H), 11 .57 - 11.75 

(m, 1 H), 8.36 (dd, ..1=8.13, 1.14 Hz, 1 H), 8.19 (d, ..1=7.92 Hz, 1 H), 7.62 -
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7.78 (m, 1 H), 7.42 - 7.55 (m, 1 H), 7.29 (ddd, .1=8.06, 6.78, 1.14 Hz, 1 H,), 

7.15 -7.24 (m ,1 H) 

13C NMR (101 MHz, DMSO-ds) 8 ppm 167.2 (C=O), 138.8 (C-4a), 138.4(C-

9a), 130.5(C-5a), 128.7 (C-Ar) , 127.2 (C-Ar), 125.0 (C-Ar), 122.9 (C-Ar), 

122.7 (C-Ar), 120.6 (C-Ar), 120.2 (C-Ar), 118.7 (C-Ar), 117.6 (C-Ar), 115.7 

(C-Ar), 112.4 (C-Ar). 

ESI-MS m/z (relative intensity, %) 234 (13) (M+) 233 (100). 

IR v cm-1 3158 (NH stretch), 2953 (NH stretch), 1632 (C=O stretch), 1547. 

4.5 ll-Bromo-l0H-indolo[3,2-b]quinoIine 

Br 

Figure 4.4 11-8romo-1 OH-indolo[3,2-b ]quinoline 

To 5,1 0-dihydroindolo[3,2-b]quinolin-11-one (25) (Figure 4.3) (0.20 g, 0.85 

mmol), phosphorous oxybromide (0.2 g, 0.69 mmol) and phosphorous tri

bromide (2.5 ml, 26.32 mmol) were added. The mixture was heated to reflux 

for 16 hours. The reaction mixture was basified by using potaSSium hydrogen 

carbonate (10% aqueous solution) and extracted with chloroform (4 X 100 

ml) and the organic phases were collected, combined and dried with magne

sium sulfate. The solvent was evaporated in vacuo to give a yellow solid (180 
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mg) was obtained which was purified by using column chromatography on 

silica gel (eluent 1:4 diethyl ether in hexane) to give a bright yellow coloured 

solid (51) (Figure 4.4) (92 mg, 36%). 

Melting point 117-118 °c 

1H NMR (400 MHz, DMSO- d6) 8 ppm 11.66 (br.s, 1 H, NH), 8.37 (m 1, H), 

8.26 (m, 2H), 7.64 - 7.79 (m, 4H, Ar-H), 7.33 - 7.38 (m, 1 H). 

13C NMR (101 MHz, DMSO- d6) 8 ppm 145.7 (C-5a), 144.1 (C-9a), 143.9 (C-

4a), 132.5 (C-10a), 130.5 (C-Ar), 129.4 (C-Ar), 127.0 (C-Ar), 126.7 (C-Ar), 

125.1 (C-Ar) , 124.7 (C-Ar) , 121.9 (C-Ar), 121.4 (C-5b) , 120.4(C-Ar), 112.3 

(C-Ar) , 109.6(C-Ar). 

ESI-MS m/z (relative intensity, %) 295(100) (M-1) 297 (99) (M+) (bromine iso

topes). 

4.6 ll-Bromo-5-metbyl-l0H-indolo[3,2-b ]quinolin-5-ium 

chloride 

Figure 4.5 11 -Bromo-5-methyl-1 OH-indolo[3,2-b]quinolin-5-ium chloride 

Under dry conditions, 11-Bromo-1 OH-indolo[3,2-b]quinoline (51) (Figure 4.4) 

(0.40 g, 1.35 mmol) and methyltriflate (0.26 ml, 2.38 mmol) were stirred in 12 

ml of toluene for 24 hours at room temperature. The reaction mixture was 
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poured into diethyl ether (150 ml) and the yellow precipitate was collected by 

filtration and dried in vacuo. Aqueous ammonia solution (3.3% v/v, 10 ml) 

was added to the solid which was stirred to convert the product to its free 

base form and then the mixture was extracted using chloroform (4 x 75ml). 

The collected organic layers were combined and were evaporated in vacuo 

to give the crude product which was then purified by column chromatography 

on silica gel by using OCM: methanol: NH40H (5: 1 :0.1) as the eluent. Finally 

the free base was converted to its hydrochloride salt by neutralising with 0.1 

M methanolic hydrochloric acid (5 ml) and the solution was evaporated in 

vacuo to give 11-Bromo-5-methyl-1 OH-indolo[3,2-b]quinolin-5-ium chloride, a 

bright yellow coloured solid (38) (Figure 4.5) (45 mg, 11 %). 

Melting point 120-122 °c 

1H NMR (400 MHz, methanol-d4) l) ppm 9.14 - 9.17 (s, 1 H, NH), 8.75 - 8.80 

(m,1 H), 8.65 - 8.71 (m, 1 H), 8.47 - 8.53 (m, 1 H), 8.16 - 8.23 (m, 1 H),7.92 

- 8.00 (m, 1 H), 7.82 -7.87 (m, 1 H), 7.54 -7.61 (m, 1 H), 5.13 (s, 3 H, CH3) 

13C NMR (101 MHz, methanol-~) 0 ppm 147.31 (C-9a), 145.2 (C-10a), 

143.31 (C-5a), 130.40 (C-4a), 130.29 (C-Ar), 129.32 (C-Ar), 127.81 (C-Ar), 

126.03 (C-11) (C-Ar), 124.10 (C-11a), 122.64 (C-Ar), 122.54 (C-Ar), 120.96 

(C-Ar), 119.54 (C-Ar), 111.10 (C-5b), 111.24 (C-Ar), 29.73.12 (N-CH3) 

ESI-MS mlz (relative intensity, %) 312 (3) [M+2], 310 (3) [M+], (bromine iso

topes), 232 (100). 

IR v cm-1 3556 (NH stretch), 1684 (C=N conjugated system). 
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4.7 10H-indolo[3,2-b]quinoline-ll-carboxylic acid 

8 

7 

4 3 

Figure 4.6 1 OH-indolo[3,2-b]quinoline-11-carboxylic acid 

Isatin (4.25 g, 28.89 mmol) in aqueous sodium hydroxide solution (25.75 g in 

115 ml of water) was added to indoxyl acetate (5.00 g, 28.54 mmol) and the 

mixture was stirred for 10 days under nitrogen. Water (50 ml) was added to 

the mixture and air was passed through the solution slowly to allow excess 

indoxyl acetate to oxidise, then the solution was heated to boiling and filtered 

to collect the hot filtrate. Concentrated hydrochloric acid (36% v/v aqueous) 

was added drop wise to the filtrate with vigorous stirring until a slight perma

nent precipitate was formed then 0.5 g of activated charcoal was added and 

then the mixture was filtered.The filtrate was added to the same volume of 

ethanol with stirring then the solution was acidified using concentrated hydro

chloric acid, to form a precipitate which was collected by filtration and dried in 

vacuo to give quindoline-11-carboxylic acid (Figure 4.6) a bright yellow co

loured solid (19) (5.38 g, 72%). 

1H NMR (400 MHz, DMSO- ds) B ppm 11.46 (br. s, NH), 9.03 - 9.17 (m, 1 H, 

H-1), 8.43 (d, 1 H, .1=7.79 Hz, H-4), 8.25 - 8.37 (m, 1 H, H-9), 7.61 - 7.85 (m, 

4 H) , 7.27 - 7.41 (t, 1 H, J =8). 
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13C NMR (101 MHz, DMSO- ds) 8 ppm 168.14 (C=O), 147.2 (C-9a), 145.3 

(C-4a), 143.1 (C-Ar), 138.6 (C-Ar) , 132.9 (C-Ar), 131.2 (C-Ar), 129.3 (C-Ar), 

127.4 (C-Ar) , 126.8 (C-Ar), 125.6 (C-Ar), 124.2 (C-Ar), 122.2(C-Ar), 120.9(C

Ar), 120.5 (C-Ar), 113.2 (C-Ar), 112.5(C-Ar). 

IR v cm-1 1705 (C=O stretch), 3343 (amine NH stretch) 

ESI-MS m/z (relative intensity, %) 262(100) (M+) 

4.8 ll-chloro-l0H-indolo[3,2-b]quinoline 

CI 
(50) 

Figure 4.7 11-chloro-1 OH-indolo[3,2-b ]quinoline 

To 5,1 0-dihydroindolo[3,2-b]quinolin-11-one (25) (Figure 4.3) (0.50 g, 2.13 

mmol), phosphorous oxychloride (0.50 g, 3.26 mmol) and phosphorous pen

tachloride (0.5 g, 2.13 mmol) were added then the mixture was heated to re

flux for 4 hours. Then the reaction mixture was basified using aqueous so

dium hydroxide solution (10% w/v, cooled to 0 °C) and extracted with ethyl 

acetate (4 X 100 ml). The organic phases were dried with magnesium sulfate 

then the solvent was evaporated in vacuo. A yellow coloured solid (180 mg) 

was obtained which was purified by using column chromatography on silica 

gel (eluent 1:5 diethyl ether in hexane) to give a pale-brown coloured solid 

(50) (Figure 4.7) (0.29 g, 53.8%). 
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1H NMR (400 MHz, OMSO- de) 8 ppm 11.89 (1H, NH), 8.37 (d, J=7.7 Hz, 

1 H), 8.30 (m, 2H), 7.76 (m, 2H), 7.68 (dd, J = 6.9, 8Hz, 1 H,), 7.64 (d, J = 8.1 

Hz, 1H), 7.35 (dd, J= 7.3,7.7 Hz, 1H). 

13C NMR (101 MHz, OMSO- de) 8 ppm 146.34 (C-4a), 145.31 (C-5a), 143.28 

(C-9a), 130.87, 130.15 (C-11), 129.34 (C-9), 127.00 (C-Ar), 125.26 (C-Ar), 

123.18 (C-Ar), 121.41 (C-Ar), 121.27 (C-Ar), 121.13 (C-Ar), 120.71 (C-Ar), 

118.43 (C-Ar), 112.51 (C-Ar) 

ESI-MS M/z (relative intensity, %) 253 (20) [M+], 255 (100) [M+2] (chlorine 

isotopes) 

IR v cm"1 3164 (N-H stretch), 2851 (C-H aromatic stretch) 

4.9 General procedure A 

Under dry conditions, 10H-indolo[3,2-b]quinoline(16) and methyl triflate were 

stirred in anhydrous toluene for 24 hours at room temperature. The reaction 

mixture was poured in diethyl ether and the resulting yellow precipitate was 

collected by filtration. Aqueous ammonia solution (3.3% v/v) was added to 

the precipitate and the mixture was stirred to convert the product to its free 

base form. Then the mixture was extracted using chloroform (4 x 75ml). The 

collected organic layers were combined and evaporated in vacuo to give the 

crude product which was then purified by column chromatography on silica 

gel by using OCM: methanol: NH40H (5:1 :0.1) as the eluent. Finally the free 

base was converted to its hydrochloride salt by neutralising with 0.1 M 

methanolic hydrochloric acid (5ml) and then solution was evaporated in va

cuo to give the desired cryptolepine derivative, as a yellow coloured solid. 
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4.10 General procedure B 

Methyl iodide was added drop wise to a solution of sulfolane and desired 

quindoline (Figure 4.9) and stirred under nitrogen for 16 hours at 50°C. The 

reaction mixture was cooled to room temperature then ether (25 ml) and 

methanol (5 ml) were added to induce precipitation. Diethyl ether (25 ml) 

was added and then the mixture was filtered and the solid was dried in va-

cuo. 

The solid was mixed with aqueous sodium carbonate solution (10% w/v, 30 

ml) followed by extraction with chloroform (4x30 ml). The organic layers were 

combined and dried using magnesium sulfate and filtered. The solvent was 

removed in vacuo to concentrate the solution which was then treated with a 

solution of methanolic hydrochloric acid (0.1 % v/v) drop wise to give hydro

chloride salt of cryptolepine as a bright yellow coloured solid. 

4.11 11-Chloro-S-methyl-10H-indolo[3,2-b]quinolin-S-ium 

chloride 

CI (37) 

Figure 4.8 11-Chloro-5-methyl-1 OH-indolo[3,2-b]quinolin-5-ium chloride 

According to general procedure B, 4.8 11-chloro-10H-indolo[3,2-b]quinoline 

(50) (Figure 4.7) (0.09 g, 0.4 mmol) and methyl iodide (0.057 g, 0.4 mmol) 
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were used to give 11-Chloro-5-methyl-1 OH-indolo[3,2-b]quinolin-5-ium chlo

ride (Figure 4.8) as a yellow coloured solid (0.068 g, 56.1 %) 

Melting point 270-273 °C 

1H NMR (400 MHz, DMSO- ds) 8 ppm 13.4 (s, NH), 8.84 (m, 2 H), 8.66 (d, 

.1=8.28 Hz, 1 H), 8.26 (dd, J = 9.4, 7.7 Hz, 1 H), 8.05 - 8.14 (m, 1 H), 7.93 -

8.01 (m, 1 H), 7.85 - 7.92 (m, 1 H), 7.55 (dd, .1=8.9, 7.7 Hz, 1 H), 5.03 (s, 3 H, 

CH3). 

13C NMR (101 MHz, DMSO-d6) 8 146.4(C9a), 139.2 (C-5a), 136.2(C-4a), 

135.0 (C-Ar), 133.3 (C-11), 132.2 (C-10a), 129.4 (C-11), 128.9 (C-Ar), 127.1 

(C-Ar), 125.1 (C-Ar), 123.8 (C-Ar), 122.5 (C-Ar), 119.2 (C-Ar), 114.9 (C-Ar), 

113.0 (C-9), 39.9 (N-CH3) 

ESI-MS M/z (relative intensity, %) 269 (32.4) [M+2], 267 (100.0) [M+] (chlo-

rine isotopes) 

IR v cm-1 3360 (N-H stretch), 1624(Conjugated cyclic C=N bend). 

4.12 10H-indolo[3,2-b]quinoline 

(16) 

Figure 4.9 10H-indolo[3,2-b]quinoline 

To 10H-indolo[3,2-b]quinoline-11-carboxylic acid (19) (Figure 4.6) (1.80 g, 

6.83 mmol) diphenyl ether (20 ml) was added and the mixture was heated to 
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reflux for 6 hours. It was then cooled and petroleum ether (35ml) was added 

with stirring then the resulting crystals were collected by filtration and washed 

with excess petroleum ether and dried in vacuo to give pale green crystals of 

10H-indolo[3,2-b]quinoline (16) (Figure 4.9)(1.28 g, 85%) 

Melting point 249-251 °C 

1H NMR (400 MHz, DMSO- d6) 8 ppm 11.4 (s, 1 H, NH), 8.37 (d, J = 8.0, 1 H), 

8.29 (m, 1 H), 8.20 (d, J=8.01, 1 H), 8.11 (d, J=7.36 1 H), 7.66 (m, 1 H), 7.64 

(m, 1 H), 7.58 (d, J=7.26, 1 H), 7.56 (m, 1 H), 7.28 (m, 1 H) 

13C NMR (101 MHz, DMSO-d6) 8 146.2 (C-5a), 144.5 (C-9a), 143.9 (C-4a), 

133.0 (C-10a), 130.2 (C-Ar), 129.2 (C-Ar) 128.0 (C-Ar), 127.2 (C-Ar), 126.5 

(C-Ar), 125.3 (C-Ar), 121.8 (C-Ar), 121.5 (C-Ar), 119.8 (C-Ar), 113.5 (C-11), 

112.0 (C-9), 

ESI-MS M/z (relative intensity, %) 217 (100) [M+] 

IR v cm-1 3329 (NH stretch) and absence of carbonyl group 

4.13 5-Metbyl-10H-indolo[3,Z-b]quinolin-5-ium chloride 

Figure 4.10 5-Methyl-1 OH-indolo[3,2-b]quinolin-5-ium chloride 
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According to the general procedure B, methyl iodide (1.28 g, 9.01 mmol) and 

10H-indolo[3,2-b]quinoline (16) (1.20 g, 5.864 mmol) were used to give cryp

tolepine (Figure 4.10) as a yellow coloured solid (1) (104 mg, 8%). 

Melting point 280 - 282°C 

1H NMR (400 MHz, DMSO- d6) 0 ppm 12.78 (s, NH), 9.28 (s, 1 H), 8.81 (d, 1 H, 

J=8.5 Hz), 8.76 (d, 1 H, J=9.1 Hz), 8.59 (dd, 1 H, J=7.4, 1.0 Hz), ), 8.17 (ddd, 

1 H, J=8.0, 8.0, 1.4 Hz), 7.95 (dd, 1 H, J=8.1, 8.1 Hz), 7.92 (dd, 1 H, J=7.2, 7.2 

Hz), 7.85 (d, 1 H,J=8.3 Hz), 7.51 (ddd, 1 H, J=7.7, 7.7, 1.0 Hz), 5.04 (s, 3H, N

CH3). 

13C NMR (101 MHz, DMSO- d6) 0 ppm 145.4 (C-9a) 139.7 (C-5a), 137 (C-4a) 

135,2 (C-8), 133.7 (C-3), 132.5 (C-1), 130.6 (C-2), 127.6 (C-11a), 127.2 (C-

10a), 126.9 (C-6), 125.1 (C-11), 121.8 (C-7), 117.9 (C-4), 114.8 (C-5b), 39.9 

(CH3-N) 

IR v cm-1 (KBr): 3432 (NH stretch) 1626 (C-H Aromatic stretch) 

ESI-MS M/z (relative intensity, %) 233 (100, M-CI) 139 (11) 

4.14 11-Iodo-5-methyl-10H-indolo[3,2-b]quinolin-5-ium chlo

ride 

(39) 
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Figure 4.11 11-lodo-5-methyl-1 OH-indolo[3,2-b ]quinolin-5-ium chloride 

According to the general procedure B, Methyl iodide (0.2 ml, 5.25 mmol) and 

11-bromo-10H-indolo[3,2-b]quinoline (51) (Figure 4.4) (0.0265 g, 0.09 mmol) 

were used to give hydrochloride salt of 4.14 11-lodo-5-methyl-10H-

indolo[3,2-b]quinolin-5-ium chloride (39) (Figure 4.11) as a bright yellow co

loured solid (0.015 g, 43%) 

1H NMR (400 MHz, methanol-d4) l) ppm 8.71 - 8.79 (m, 1 H), 8.64 (s, 2 H), 

8.17 - 8.26 (m, 1 H), 7.94 - 8.04 (m, 2 H), 7.91 (s, 1 H), 7.53 - 7.63 (m, 1 H), 

4.86 (s, 3 H, N-CH3) 

13C NMR (101 MHz, methanol-d4) B ppm = 143.32 (C-9a), 140.37 (C-5a), 

135.7 (C-10a), 134.3 (C-4a), 134.1 (C-3), 129.9 (C-Ar), 128.4 (C-Ar), 127.7 

(C-Ar), 127.2 (C-Ar), 124.4 (C-Ar), 123.6 (C-7), 119.7 (C-Ar), 119.1 (C-Ar), 

114.6 (C-Ar), 110.7 (C-Ar), 28.73 (N-CH3) 

MS Mlz (relative intensity, %) 359 (100, M - CI), 360 (29) 

IR v cm-1 3322 (N-H stretch), 1613 (Conjugated cyclic C=N bend). 

4.15 General procedure C (alkylamidoqulndolines) 

To finely ground quindoline-11-carboxylic acid (Figure 4.6), dichloromethane 

and DMF were added and the mixture was stirred for 15 min. TEA was added 

drop wise under continuous stirring before adding COMU to the solution, 

which was then stirred for 10 min. The desired amine was added drop wise 

and the reaction mixture was stirred for 16 hours at room temperature. 

The reaction mixture was added to ethyl acetate (100 ml) and extracted with 

aqueous 1 N HCI solution (2x30 ml) and aqueous 1 N sodium bicarbonate so-
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lution (2x30 ml). Then the organic layers were collected and dried using 

magnesium sulphate and evaporated in vacuo to give the crude quindoline 

amide, which was purified by column chromatography over silica gel using 

ethyacetate:hexane (1:1) and dried in vacuo to give desired alkylamidoquin

doline 

4.16 General procedure 0 (NS-ethyl qulndollne derivatives) 

Under dry conditions, quindoline and ethyl triflate were stirred in anhydrous 

toluene for 24hours at room temperature. The reaction mixture was poured in 

diethyl ether and the yellow precipitate was collected by filtration. Ammonia 

solution (3.3% v/v) was added to the precipitate and the mixture was stirred 

for O.S hours to convert the product to its free base form. Then the mixture 

was extracted using chloroform (4 x 7Sml). The collected organic layers were 

combined and evaporated in vacuo to give the crude product which was then 

purified by column chromatography on silica gel by using OeM: methanol: 

NH40H (S: 1 :0.1) as the eluent. Finally the free base was converted to its hy

drochloride salt by neutralising with 0.1 M methanolic hydrochloric acid and 

then solution was dried in vacuo to give desired NS-ethyl quindoline deriva

tive as a yellow coloured solid 

4.17 General procedure E (alkylaminocryptolepine) 

To a solution of 11-Chloro-S-methyl-10H-indolo[3,2-b]quinolin-S-ium chlo

ridein ethyl acetate, the desired amine was added and the contents of the 

flask were heated to reflux for 16 hours. The reaction mixture was cooled 

down to temperature and precipitate which formed was collected by filtration 

and washed with diethyl ether and dried in vacuo to give yellow colour crys

tals. Recrystallization was performed where necessary. 
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4.18 N-isopropyl-10H-indolo[3,Z-h ]quinoline-ll

carboxamide 

5 
4 

2 

HN 

); 
14 

(61 ) 

15 16 

Figure 4.12 N-isopropyl-1 OH-indolo[3,2-b ]quinoline-11-carboxamide 

Using 1 OH-indolo[3,2-b]quinoline-11-carboxylic acid (19) (Figure 4.6) (0.5 g, 

1.9 mmol) and and isopropylamine (0.14ml, 1.9 mmol), general procedure C 

was followed to give N-isopropyl-1 OH-indolo[3,2-b ]quinoline-11-carboxamide 

(Figure 4.12) as a yellow colour solid (61) (0.77 g, 83.4%) 

Melting point 263-265 DC 

1H NMR (400 MHz, methanol-d4) (5 ppm 11.76 (s, N H), 7.63 (s, H) 7.42 (m, 

1 H), 7.81 (m, 1 H), 7.91 (m, 2H), 8.2 (m, 1 H), 8.3 (m, 2H) 8.6 (m, 1 H) 3.77 (m, 

1 H) 1.04 (d, 6H) 

13C NMR (101 MHz, methanol-d4) (5 166.7 (C-12), 148.34 (C-5a) , 145.2 (C-

9a) 143.42 (C-4a) , 137.4 (C-10a), 134.0 (C-11) , 129.2 (C-Ar) , 128.6 (C-Ar) , 

127.7 (C-Ar) , 127.1 (C-Ar) , 125.0 (C-Ar), 123.4 (C-Ar) , 123.0 (C-Ar), 118.9 

(C-Ar) , 117.2 (C-Ar) , 114.5 (C-9), 41 .1 (C-14) , 22.5 (C -15, C-16) 

ESI -MS: M/z (relative intensity, %) 303 (100, M+) 244 (80) 216 (85) 

IR v cm-1 1646 (amide C=O stretch) 3169 (NH stretch) 
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4.19 N-butyl-10H-indolo[3,2-b ]quinoline-11-carboxamide 

171 1 10 

1S~N 
15 H 

13 

Figure 4.13 N-butyl-10H-indolo[3,2-b]quinoline-11-carboxamide 

Using 1 OH-indolo[3,2-b]quinoline-11-carboxylic acid (19) (Figure 4.6) (0.5 g, 

1.9 mmol) and andbutylamine (0.18ml, 1.9 mmol), general procedure C was 

followed to give N-butyl-1 OH-indolo[3,2-b]quinoline-11-carboxamide (Figure 

4.13) as a yellow colour solid (62) (0.514 g, 91 %) 

Melting point 270-272 °C 

1H NMR (400 MHz, DMSO- ds) D ppm 11.42 (s, 1 H), 8.97 (t, .1=5.40 Hz, 1 H), 

8.41 (d, .1=7.78 Hz, 1 H), 8.30 (d , .1=7.78 Hz, 1 H), 8.09 - 8.18 (m, 1 H), 7.60 -

7.80 (m , 4 H), 7.30 - 7.40 (m, 1 H), 3.49 - 3.61 (m, 2 H), 1.71 (m, .1=7.34 Hz, 

2 H), 1.50 (m, .1=14.81 , 7.36 Hz, 2 H), 1.03 (t, .1=7.40 Hz, 3 H) 

13C NMR (400 MHz, DMSO-ds) 0 ppm 165.4 (C-12), 146.7 (C-5a), 144.9 (C-

9a) , 143.7 (C- 4a) , 130.5 (C-11), 129.6 (C-10a), 129.2 (C-Ar) , 126.6 (C-Ar) , 

126.1 (C-Ar) , 124.8 (C-Ar), 123.2 (C-Ar), 121.8 (C-Ar), 121.5 (C-Ar) , 121.2 

(C-Ar) , 120.2 (C-Ar) , 112.3 (C-9), 41.6 (C-14), 29.5 (C-15), 20.3 (C-16) , 14.2 

(C-17). 

IR IR v cm-1 1646 (amide C=O stretch) 

ESI-MS: Mlz (relative intensity, %) 317 (100, M) 244 (85) , 216(79) 190 (50) 

185 



Chemistry Experimental 

4.20 N-[2-(2-hydroxyetbylamino)ethyl]-10H-indolo[3,Z

b ]quinoline-ll-carboxamide 

OH 3 

18~ 2 1 

HN 1 
16 ~N o 

15 H 
13 (63) 

Figure 4.14 N-[2-(2-hydroxyethylamino )ethyl]-l OH-indolo[3,2-
b ]quinoline-11-carboxamide 

Using 1 OH-indolo[3,2-b]quinoline-ll-carboxylic acid (19) (Figure 4.6) (0.5 g, 

1.9 mmol) and and 2-(2 aminoethylamino)ethanol (0.14ml, 1.9 mmol), gene-

ral procedure C was followed to give N-[2-(2-hydroxyethylamino )ethyl]-1 OH-

indolo[3,2-b]quinoline-11-carboxamide (Figure 4.14) as a brownish yellow 

colour solid (63) (0.078 g, 12%) 

1H NMR (400 MHz, methanol-d4) 0 ppm 8.36 (d, .1=7.78 Hz, 1 H), 8.10 (dd, 

.1=8.16, 4.39 Hz, 2 H), 7.43 - 7.64 (m, 4 H), 7.25 (t, .1=7.40 Hz, 1 H), 3.69 -

3.84 (m, 4 H), 3.54 - 3.63 (m, 2 H), 3.35 (s, 2 H), 1.23 (br. s., 1 H) 

13C NMR (101 MHz, methanol-d4) 0166.3 (C-12), 147.6 (C-5a), 145.9 (C-9a), 

144.1 (C-4a), 131 .6 (C-11), 130.8 (C-Ar), 129.0 (C-Ar) , 127.7 (C-Ar) , 127.1 

(C-Ar), 125.3 (C-Ar) , 124.0 (C-Ar) , 122.7 (C-Ar), 121.5 (C-Ar) , 121.4 (C-Ar), 

121.2 (C-7) (C-1) , 112.7 (C-9), 60.9 (C-18) , 51.6 (C-17), 40.07 (C-15), 38.6 

(C-14) 

ESI-MS: M/z (relative intensity, %) 347 (100, M+), 313 (49) 
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4.21 N-isopropyl-5-metbyl-10H-indolo[3,2-b]quinolin-5-ium-

11-carboxamide hydrochloride 

4 

2 

HI 13 (64) 

~ 
15 16 

Figure 4.15 N-isopropyl-5-methyl-1 OH-indolo[3,2-b ]quinolin-5-ium-11-
carboxamide hydrochloride 

According to the general procedure A N-isopropyl-10H-indolo[3,2-b]quinoline-

11-carboxamide (61) (0.2 g, 0.7 mmol) (Figure 4.12) and methyltriflate were 

used to give N-isopropyl-5-methyl-1 OH-indolo[3,2-b ]quinolin-5-ium-11-

carboxamide hydrochloride (Figure 4.15) as yellow solid (64) (0.037 g, 17%) 

1H NMR (400 MHz, methanol-d4) 0 ppm 8.75 (dd, .1=16.44, 8.91 Hz, 2 H), 

8.40 (d, .1=8.53 Hz, 1 H), 8.22 (t, .1=7.78 Hz, 1 H), 7.91 - 8.09 (m, 2 H), 7.85 

(d, .1=8.28 Hz, 1 H), 7.60 (t, .1=7.78 Hz, 1 H), 5.14 (s, 3 H), 4.46 - 4.57 (m, 1 

H), 1.44 (d , .1=6.53 Hz, 6 H) 

13C NMR (101 MHz, methanol-d4 ) 0168.4 (C-12), 147.6 (C-9a) 139.14 (C-5a) 

136.3 (C-Ar) 134.6 (C-Ar), 132.5 (C-Ar), 127.9 (C-Ar), 126.2 (C-Ar), 125.6 (C

Ar), 124.6 (C-Ar), 122.0 (C-Ar), 121.5 (C-Ar), 117.5 (C-Ar), 115.9 (C-Ar) , 

114.1 (C-Ar) , 113.0 (C-9) , 44.2 (C-14), 41.2 (N5-CH3), 22.92 (C-15, 16) 

ESI-MS: M/z (relative intensity, %) 318 (100, M), 319 (20, M+1) 
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HIRES-MS (ESI): calculated for [M - CI] (C2oH20N30CI) required m/z 

318.1606, found 318.1615 

4.22 N-butyl-5-methyl-l0H-indolo[3,2-b ]quinolin-5-ium-ll

carboxamide chloride 

13 21 

Figure 4.16 N-butyl-5-methyl-10H-indolo[3,2-b]quinolin-5-ium-11-
carboxamide chloride 

According to the general procedure A, N-butyl-1 OH-indolo[3,2-b ]quinoline-11-

carboxamide (62) (Figure 4.13) (0.2 g, 0.6 mmol) and methyltriflate were 

used to give N-butyl-5-methyl-1 OH-indolo[3,2-b ]quinolin-5-ium-11-

carboxamide chloride (65) (Figure 4.16) as yellow solid (0.048 g, 23%) 

1H NMR (400 MHz, methanol-d4) 0 ppm 12.66 (5, NH), 8.74 (dd, .1=15.43, 

8.78 Hz, 2 H), 8.39 (dd, .1=8.47, 1.07 Hz, 1 H), 8.20 (d, .1=1.38 Hz, 1 H), 7.91 

- 8.03 (m, 2 H), 7.82 (d , .1=8.41 Hz, 1 H), 7.58 (5, 1 H), 5.13 (5, 3 H) , 3.70 (t, 

.1=7.28 Hz, 2 H), 1.78 (t, .1=7.34 Hz, 2 H), 1.48 - 1.61 (m, 2 H), 1.05 (t, .1=7.34 

HZ, 3 H) 

13C NMR (101 MHz, methanol-d4 ) 0 163.4 (C-12), 146.8 (C-9a), 139.7 (C-5a) , 

136.0(C-Ar), 134.6(C-Ar) , 132.5 (C-Ar), 130.8(C-Ar), 130.3(C-Ar), 127.8(C

Ar), 126.3(C-Ar) , 12S.6(C-Ar), 123.0(C-Ar), 122.0(C-Ar), 117.4(C-Ar), 114.1 

(C-Ar), 113.0(C-9) , 39.7(N5-CH3), 30.9 (C-15), 20.0 (C-16), 12.4 (C-17) 
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ESI-MS: M/z (relative intensity, %): 332 (100, M+), 333 (20, M+ 1) 

HIRES-MS (ESI): calculated for [M - CI]- (C21H22N30CI) required m/z 

332.1763, found 332.1769 

4.23 N-[2-(2-hydroxyethylamino )ethyl]-5-methyl-l0H

indolo[3,2-b ]quinolin-5-ium-l1-carboxamide chloride 

OH 3 

18~ 2 1 

HN 1 
16 ~N 0 (66) 

15 H 
13 

Figure 4.17 N-[2-(2-hydroxyethylamino )ethyl]-5-methyl-1 OH-indolo[3,2-
b]quinolin-5-ium-11-carboxamide chloride 

According to the general procedure A, N-[2-(2-hydroxyethylamino )ethyl]-1 OH

indolo[3,2-b]quinoline-11-carboxamide (63) (Figure 4.14) (0.2 g, 0.6 

mmol)and methyltriflate were used to give N-[2-(2-hydroxyethylamino)ethyl]-

5-methyl-1 OH-indolo[3,2-b]quinolin-5-ium-11-carboxamide chloride (Figure 

4.17) as orange-yellow solid (66) (0.01 g, 4.39%) 

1H NMR (400 MHz, methanol-d4) 0 ppm 8.65 - 8.80 (m, 2 H), 8.41 - 8.53 (m, 

1 H), 8.12 - 8.24 (m, 1 H), 7.89 - 8.01 (m, 2 H), 7.80 - 7.89 (m, 1 H), 7.50 -

7.61 (m, 1 H), 5.12 (s, 3 H), 4.00 - 4.09 (m, 2 H), 3.87 - 3.98 (m, 2 H), 3.55 

(m, 2 H)3.35(m,2H) 

13C NMR (101 MHz, methanol-d4) 0 ppm 166.3 (C-12), 147.6 (C-9a), 145.9 

(C-5a), 144.1 (C-4a), 131.6 (C-Ar) , 130.8 (C-Ar), 129.0 (C-Ar), 127.7 (C-Ar) , 

127.1 (C-Ar) , 125.3 (C-Ar), 124.0(C-Ar), 122.7 (C-Ar), 121.5 (C-Ar) , 121.4 (C-
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Ar) , 121.2 (C-Ar), 112.7 (C-Ar), S7.6 (C-18), S1.6 (C-17), 48.4 (C-1S), 39.7(N

CH3), 37.S (C-14) 

ESI-MS M/z (relative intensity, %): 363 (100, M-CI), 364 (60, M+ 1) 

HIRES-MS (ESI) : calculated for [M - CI]- (C21H23N402CI) required m/z 

363.1821, found 363.1828 

4.24 N-isopropyl-5-metbyl-l0H-indolo[3,2-b]quinolin-5-ium

ll-amine hydrochloride 

12 NH 

A (54) 

15 14 

Figure 4.18 N-isopropyl-S-methyl-1 OH-indolo[3,2-b ]quinolin-S-ium-11-
amine hydrochloride 

Using 11-Chloro-S-methyl-1 OH-indolo[3,2-b ]quinolin-S-ium chloride (37) 

(Figure 4.8) (0.1 g, 0.3 mmol) and isopropylamine (0.05 ml, 0.6 mmol), gene

ral procedure E was followed to give N-isopropyl-5-methyl-10H-indolo[3,2-

b]quinolin-5-ium-11-amine hydrochloride (Figure 4.18) as yellow colour crys-

tals (54) (0.12 g, 61 %) 

Melting point 283-285 °c 

1H NMR (400 MHz, methanol-d4) a ppm 8.64 (d, .1=8.53 Hz, 1 H), 8.54 (d, 

.1=8.53 Hz, 1 H), 8.28 (d, .1=8.78 Hz, 1 H), 7.98 - 8.09 (m, 1 H), 7.84 (d, 
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..1=8.28 Hz, 1 H), 7.67 - 7.79 (m, 2 H), 7.38 - 7.48 (m, 1 H), 4.68 (s, 3 H), 4.23 

(m, 1 H), 1.57 (d, ..1=6.27 Hz, 6 H) 

13C NMR (101 MHz, DMSO) 0 ppm 144.6 (C-Ar), 143.7(C-9a), 137.5(C-4a), 

135.8 (C-5a), 131.9(C-Ar), 127.8 (C-Ar), 127.6 (C-Ar), 125.9 (C-Ar), 124.5 

(C-Ar), 123.1 (C-Ar), 121.44 (C-Ar), 119.8 (C-Ar), 116.5 (C-Ar), 112 (C-9), 

53.94(C-13), 39.65 (N-CH3), 22.9 (C-14, 15) 

ESI-MS M/z (relative intensity, %) 290 (100, M+) 

HIRES-MS (ESI): Calculated for [M - CI] (C1sH1SN3CI) required m/z 

290.1657, found 290.1643 

4.25 N-butyl-S-methyl-l0H-indolo[3,2-b ]quinolin-S-ium-ll

amine hydrochloride 

16 

14J~ 
)15 

(55) 

Figure 4.19 N-butyl-5-methyl-1 OH-indolo[3,2-b]quinolin-5-ium-11-amine 
hyd rochloride 

According to the general procedure E, 11-Chloro-5-methyl-10H-indolo[3,2-

b]quinolin-5-ium chloride (37) (Figure 4.8) (0.1 g, 0.3 mmol) and butylamine 

(0.06 ml, 0.6 mmol) were used to give N-butyl-5-methyl-10H-indolo[3,2-
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b]quinolin-5-ium-11-amine hydrochloride (Figure 4.19) as yellow crystals (55) 

(0.07 g, 68%) 

Melting point >300 °c 

1H NMR (400 MHz, methanol-d4) 0 ppm 8.47 - 8.65 (m, 2 H), 8.27 (d, .1=8.78 

Hz, 1 H), 8.02 (t, .1=7.78 Hz, 1 H), 7.78 - 7.86 (m, 1 H), 7.72 (dt, .1=14.43, 

7.34 Hz, 2 H), 7.42 (t, .1=7.65 Hz, 1 H), 4.67 (s, 3 H), 4.10 - 4.22 (m, 2 H), 

1.84 - 1.96 (m, 2 H), 1.43 (d, .1=7.53 Hz, 2 H), 0.88 (s, 3 H) 

13C NMR (101 MHz, methanol-d4) 8 ppm 144.2 (C-11), 142.1 (C-Ar) , 137.5 

(C-Ar) , 133.83 (C-Ar), 131.95 (C-Ar), 127.84 (C-Ar), 127.65 (C-Ar), 125.93 (C

Ar), 124 (C-Ar), 123 (C-Ar), 121.44 (C-Ar), 119.8 (C-Ar) , 116.5 (C-Ar), 112 

(C-9) , 56.41 (C-13), 38.65 (N5-CH3), 33.2 (C-14), 21.07 (C-15), 13.76 (C-16). 

ESI-MS M/z (relative intensity, %)304 (100, M+) 

HIRES-MS (ESI): calculated for [M - Clr (C2oH22N3CI) required m/z 304.1814, 

found 304.1810 

4.26 2-[2-[(S-methyl-l0H-indolo[3,2-b ]quinolin-S-ium-ll

yl)amino ]etbylamino ]etbanol chloride 

8 

15 
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Figure 4.20 2-[2-[{5-methyl-1 OH-indolo[3,2-b]quinolin-5-ium-11-
yl)amino ]ethylamino]ethanol chloride 

According to the general procedure E, 11-Chloro-5-methyl-10H-indolo[3,2-

b]quinolin-5-ium chloride(64) (Figure 4.8) (0.5 g, 1.6 mmol) and 2-{2-

aminoethylamino)ethanol (0.162 ml, 1.6 mmol) were used to give 2-[2-[{5-

methyl-1 OH-indolo[3,2-b]quinolin-5-ium-11-yl)amino ]ethylamino ]ethanol chlo

ride as yellow crystals (56) (0.1364 g, 23%). 

Melting point >300 °C 

1H NMR (400 MHz, DMSO- de) B ppm 11.58 (s,1 H, NH), 8.85 - 8.91 (m, 1 H), 

8.54 - 8.61 (m, 1 H), 8.35 - 8.41 (m, 1 H), 7.96 - 8.06 (m, 2H), 7.67 - 7.76 (m, 

2H), 7.33 - 7.42 (m, 1 H), 4.65 (s, 3H), 3.57 - 3.70 (m, 2H), 2.83 - 2.92 (m, 

2H), 2.66 - 2.71 (m, 2H), 2.56 - 2.65 (m, 2H) 

13C NMR (101 MHz, DMSO- de) B ppm 145.9 (C-11), 139.3 (C-9a), 137.4 (C-

4a), 133.43 (C-Ar), 131.95 (C-Ar), 127.84 (C-Ar), 127.65 (C-Ar), 125.93 (C

Ar), 124 (C-Ar), 123 (C-Ar), 121.4 (C-Ar), 119.8 (C-Ar), 116.5 (C-Ar), 114.6 

(C-Ar), 112.7 (C-9), 57.51 (C-17), 57.03 (C-13), 52.4 (C-16), 49.6 (C-14) , 

38.4 (N5-CH3) 

ESI-MS Mlz (relative intensity, %) 335 (100, M) 336 (35, M+1) 

HIRES-MS (ESI): calculated for [M - Clr (C20H23N40CI) required rnIz 

335.1872, found 335.1875 
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4.27 ll-chloro-5-ethyl-l0H-indolo[3,2-b]quinolin-S-ium 

chloride 

CI 

Figure 4.21 11-chloro-5-ethyl-1 OH-indolo[3,2-b]quinolin-5-ium chloride 

According to the general procedure D, 11-chloro-10H-indolo[3,2-b]quinoline 

(50) (0.2 g, 0.8 mmol) and ethyltriflate (0.15 g, 0.8 mmol) were used to give 

11-chloro-5-ethyl-1 OH-indolo[3,2-b]quinolin-5-ium chloride as brownish yellow 

solid (58) (0.142 g, 56%) 

1H NMR (400 MHz, DMSO- d6) 8 ppm 12.82 (s, NH), 8.49 (m, 1 H), 8.24 (m, 

1 H) 8.16 (m, 1 H) 8.09 (m, 1 H), 7.68 (m, 1 H), 7.64 (m, 1 H), 7.48 (m, 1 H), 7.24 

(m, 1 H), 5.2 (q, .1=6.80, 2H, CH2), 1.80 (t, .1=6.80 Hz, 3H, CH3) ' 

13C NMR (101 MHz, DMSO- ds) 8 ppm 147.5 (C-9a), 139.7 (C-5a) , 138.1 (C-

4a) , 138.70 (C-Ar) 136.75 (C-Ar), 135.4 (C-Ar), 133.02 (C-Ar), 128.23 (C-Ar), 

126.9 (C-Ar), 125 (C-Ar), 124.45 (C-Ar) , 123 (C-Ar), 119.42 (C-Ar), 115.4 (C-

5b) , 114.1(C-9) , 47.8 (N5-CH2), 13.8 (N5-CH3) 

ESI-MS Mlz (relative intensity, %) 281 (100, M+) 263 (31) 

HIRES-MS (ESI) : calculated for [M - CW (C17H14N2CI2) required m/z 

281 .0846, found 281 .0842 
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4.28 N-butyl-S-chloro-S-ethyl-l0H-indolo[3,2-b ]quinolin-ll-

amine 

1
12 N ~ 

14 

16 15 

(59) 

Figure 4.22 N-butyl-5-chloro-5-ethyl-1 OH-indolo[3,2-b ]quinolin-11-amine 

According to the general procedure C, 11-chloro-5-ethyl-10H-indolo[3,2-

b]quinolin-5-ium chloride (58) (0.10 g, 0.3 mmol) and butylamine (0.044 g, 

0.3 mmol) were used to give N-butyl-5-chloro-5-ethyl-10H-indolo[3,2-

b]quinolin-11-amine (Figure 4.22) as yellow colour crystals (59) (0.037 g, 

35%) 

Melting point 296-298 °C 

1H NMR (400 MHz, methanol-d4) 8 ppm 8.65 (d, J = 8.53 Hz, 1 H), 8.30 - 8.47 

(m, 2H), 8.07 (t, J = 7.78 Hz, 1 H), 7.83 - 7.93 (m, 1 H), 7.67 - 7.82 (m, 2H), 

7.49 (t, J = 7.65 Hz, 1 H), 5.24 (q, J = 7.28 Hz, 2H, N-CH2) , 4.22 (t, J = 7.03 

Hz, 2H), 2.85 - 3.01 (m, 3H), 1.94 (quin, J = 7.28 Hz, 2H), 1.81 (t, J = 7.15 

Hz, 3H), 1.53 - 1.72 (m, 2H), 1.46 (sxt, J = 7.43 Hz, 2H), 1.03 (t, J = 7.22, Hz, 

3H) 

13C NMR (101 MHz, methanol-d4) 8 ppm 144.08 (C-11) , 143.73 (C-9a) , 

143.02(C-4a), 137.5,133.83, 131 .95, 127.84, 125.93(C-Ar) , 124.52 (C-Ar) , 
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123.04 (C-Ar) , 121.44 (C-Ar), 119.8 (C-Ar), 116.5 (C-Ar), 112.3 (C-4), 112 

(C-9), 49.2 (C-13) 43.14 (N5-CH2), 33.2 (C-14), 21.07 (C-15), 13.76 (N5-

CH3), 12.98 (C-C16) 

ESI-MS M/z (relative intensity, %) 318 (100, M+) 319 (20, M+1) 

HIRES-MS (ESI): calculated for [M - Cll- (C21H24N3CI) required m/z 

318.1970, found 318.1961 

4.29 5-methyl-N-pentyl-10H-indolo[3,2-b]quinolin-5-ium-ll-

amine chloride 

4 

2 

12 NH 

3 

(67) 

16 

17 

Figure 4.23 5-methyl-N-pentyl-1 OH-indolo[3,2-b]quinolin-5-ium-11-
amine chloride 

According to the general procedure E, 11-Chloro-5-methyl-10H-indolo[3,2-

b]quinolin-5-ium chloride (37) (Figure 4.8) (0.1 g, 0.3 mmol) and pentylamine 

(0.523 g, 0.6 mmol) were used to give 5-methyl-N-pentyl-10H-indolo[3,2-

b]quinolin-5-ium-11 -amine chloride (67) (Figure 4.23) as yellow crystals (0.06 

g, 67%). 

Melting point 303-305 °C 
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1 H NMR (400 MHz, DMSO- d6) B ppm 8.79 (d, J = 8.28 Hz, 1 H), 8.58 (d, J = 

8.53 Hz, 1 H), 8.36 (d, J = 8.78 Hz, 1 H), 8.03 (t, J = 7.53 Hz, 1 H), 7.90 (d, J = 

8.28 Hz, 1H), 7.66 -7.77 (m, 2H), 7.39 (t, J = 7.65 Hz, 1H), 4.63 (5, 3H), 4.17 

(t, J = 7.03 Hz, 2H), 1.21 - 1.5 (m, 6H), 0.88 (m, J = 2.76, 6.90 Hz, 3H) 

13C NMR (101 MHz, DMSO- d6) B ppm 144.09 (C-11), 143.63(C-9a), 137.5 

(C-4a), 133.83 (C-Ar), 131.95 (C-Ar), 127.84 (C-Ar), 127.65 (C-Ar), 125.93 

(C-Ar), 124 (C-Ar), 123 (C-Ar), 121.44 (C-Ar), 119.8 (C-Ar), 116.5 (C-Ar), 

113.1 (C-4), 112 (C-9), 47.92 (C-13) 38.22 (N5-CH3), 32.4 (C-14), 28.34 (C-

15), 22.31 (C-16), 14 (C-17). 

ESI-MS Mlz (relative intensity, %) 318 (100, M+) 319 (20, M+1) 

HIRES-MS (ESI): calculated for [M - CI]-(C21H24N3CI) required m/z 318.1970 

found 318.1966. 
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Chapter 5 

5.1 MIT assay 

Experimental: In vitro and 
Bio-physical Studies 

S.l.l Materials and equipment: 

RPMI culture medium, DMEM culture medium, Foetal bovine se

rum(FBS), penicillin-streptomycin solution ((10,000 U/mL penicillin, 10 mg/mL 

streptomycin), L-glutamine (200 mM), Trypsin, Trypan blue solution, MIT, 

Doxorubicin, DMSO (biological grade) were obtained from Sigma Aldrich, 

UK. 96 well culture plates, T75ml flasks, and pipettes were purchased from 

Fischer Scientific, UK. Plate reader used to scan the 96 well plates was Lab

tech L T -4000. The Incubator used to grow the cells was from Thermo Scien

tific, UK. 

S.1.2 Cell lines: 

MCF-7, A549 and DLD-1 cells were obtained from the Institute of cancer the-

rapeutics, Bradford University, Bradford, UK. 

S.1.3 Growing conditions: 

The three cell lines were grown in the presence of 95% humidified air mixed 

with 5% carbon dioxide at a fixed temperature of 37°C. Exhausted growth 

medium was replaced with fresh growth medium every two days 
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5.1.4 Culture media Preparation: 

FBS (50 ml) was heat inactivated at 60° C and added to incomplete RPM I 

medium (500 ml) then the frozen solution of penicillin-streptomycin-L

glutamine (mixture of 3, 5 ml) was warmed up (37°C )and added to the mix

ture to form complete growth medium. Complete growth medium was always 

aliquoted and stored at 4°C. 

5.1.5 Cell splitting: 

T75 flasks with growing cells were taken out of the incubator and checked to 

see whether the cells were confluent enough to split. If the cells were 90% 

confluent, then they were ready to split. Firstly, in a laminar flow chamber, the 

media was removed and the cell were washed with 15 ml of PBS and then 

2.5 ml of trypsin-EDTA solution was added then incubated for 5-7 min to al

low the cell splitting to takes place. Then cells were observed under a light 

microscope (20x) to check if they were detached. If needed they were tapped 

gently to detach from each other. Fresh growth medium (10 ml) was added 

and the suspension was aspirated using a pasture pipette. For further cultu

ring 2ml of that suspension was taken and added to 20 ml of fresh growth 

medium in a T75 flask and incubated. 

5.1.6 Cell counting: 

When the cells were 90% confluent, the medium was removed and the cells 

were washed with PBS and 2.5 ml of trypsin was added and incubated for 

further 5-7 min to allow cells to be detached. Then 7.5 ml of fresh growth 

medium was added and aspirated then centrifuged for 5 min at 1000g to form 

a cell pellet at the bottom of the centrifuge tube. Without disturbing the cell 

pellet supemant medium was discarded gently and the cells were re-
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suspended with 10 ml of fresh growth medium. For counting purpose, 50 mi-

croliters of cell suspension was taken in an Eppendorf tube then an equal 

volume of trypan blue solution was added to it and mixed. Then this cell sus-

pension was gently run on a haemocytometer using a micropipette and the 

microscope was focussed to count. Cells in the 4 corners of the haemocy-

tometer are counted and total number of cells was calculated using the for-

mula: 

Number of cells = Total no. of cells x104 
/ number of squares counted x 2 

(dilution factor) 

'" .. , ,. ,..... 
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Figure 5.1. Modified: Microscopic and molecular methods for quantita
tive phytoplankton analysis, UNESCO - 2012 

I' 
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While counting cells in each squares A, 8, C and D (figure 5.1), cells on the 

top and right lines of the square are ignored. Only live cells were visible shiny 

under the microscope whereas the dead cells were stained deep purple and 

are visible as a dark matter. 

5.1.7 Growth curves 

Growth curves were plotted on three cell lines MCF7, A549 and DLD-1 to 

observe the growth characteristics of the cells. 

MTT assay was used to determine the growth of the cell over the course of 

time. After the treatment with trypsin, a single cell suspension was obtained 

in growth medium. Then cells were counted using a haemocytometer and the 

concentration of cells in the medium was calculated. Then, depending on the 

cell count, the cell suspension was diluted in such a way that wells of the 

multiwall plate will contain 500, 1000, 2000, 4000, 8000, 16000, 32000, 

64000 in a series. While carrying out the dilution it was ensured that the total 

volume of each well should be the same. 200 Microliters of the growth me

dium without cells served as blank for the assay. After cell-plating the 96 well 

plates containing cells were incubated. After 96 hours the medium was re

moved from the wells using a micropipette and 25 IJI of MTT reagent solution 

was added carefully without disturbing the cell layer this was then incubated 

for 3 hours. Once formation of purple colour precipitate occurred, 100 IJI of 

DMSO were added to the wells and the plate was gently swirled. Plates were 

then left in the dark for an hour and were then scanned at 570nm using a 

plate reader. A graph was plotted with the average of absorbance on the Y

axis and cell count on the X-axis. This was replicated thrice on the same 

plate in three rows. 
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5.1.8 Solutions of cryptolepine and its derivatives 

DMSO (biological grade) was used to dissolve cryptolepine and its analogues 

to get a drug solution of 10 mM (stock solution A). 1 00 ~L of stock A was 

then added to 9.9 ml of growth medium to get a solution with a drug concen

tration of 1 00 ~M. 1 ml of this 1 00 ~M solution was added to 9ml of media to 

get a solution of 1 0 ~M. By following the previous step, serial dilutions were 

performed until a concentration of 0.001 was achieved. All of the drug solu

tions made were stored at -20°C and thawed when needed in the MIT assay 

experiment, the final concentration of DMSO in the working stocks was not 

more than 0.1 % v/v. 

5.1.9 The MTT assay 

The first row of the 96 well plates was left unused. The second row was filled 

with 200~L of blank media which served as blank for the experiment. The 

rest of the wells were plated with 20,000 cells in each well. Then the plate 

was incubated for 24 hours. 

After the incubation, cells were attached to the bottom surface of the wells so 

media was carefully removed from all the wells and the first row of the cells 

were again loaded with fresh media and the 3rd to 7th rows (from columns a, 

C and D) of the wells were filled with drug solutions (green) with different 

concentrations ranging 100 ~M to 0.001 ~M and incubated for 96 hours 

(Figure 5.2). 

Wells from Columns E to Grows 3 to 7 were filled with doxorubicin drug solu

tion concentrations ranging from 1 00 ~M to 0.001 ~M (Figure 5.2) which 

served as a positive control (red). 
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2nd row cells were filled with growth media, which served as a control (blue) 

(Figure 5.2). 

Drug treatments 

-- --- ------- ----

Figure 5.2 Showing the MTT assay design 

Then the plate was taken out of the incubator and 50~L of MTT reagent was 

added to each well carefully and it was again incubated for another 4 hours. 

After MTT treatment purple colour crystals were observed under the micros

cope then medium from each well was carefully removed and 1 OO~L of 

DMSO were added to dissolve the precipitate and the plate was left in the 

dark for an hour. In the next step plate was put in the UV-VIS plate reader 

which was prebuilt with auto plate shaker. The plate was gently shaken and 

then absorbance was read at 570nm. 

The obtained raw data was then analysed using MS-Excel (2010) software 

and the IC50 values were calculated using GraphPad Prism software (ver. 

6.0) . 
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5.2 Microscopy 

Using SD-Falcon 8 chambered culture slides A549 cells were grown in RPMI 

medium without any indicator. 

A cell seeding density of 4000cells per well was determined as optimum and 

was used to seed the cells. After 17 hours of incubation camber slides were 

taken out and the medium was carefully removed and loaded with the desi

red concentration of the drug solution in RPMI medium then again it was in

cubated for 1 hour. The chamber slide was removed from the incubator and 

gently washed with PSS (37°C) and culture chamber was detached from the 

slide. Using DAPI nuclear stain solution (5 mg/ml), cells were stained then 

the slide was shielded using a fluoro-shield solution to protect from photo 

bleaching. A coverslip was placed on the slide ensuring no air bubble formed 

between the slide and coverslip. Finally the slide-coverslip junction was sea

led using nail polish and it was observed under the microscope (40x) for drug 

localisation in the cells. 

Figure 5.3 Showing a 8 well coated culture plate 
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Firstly pictures were taken using microscope (40x) under normal light then 

using fluorescent filters the nuclei of the cells were captured as they glow a 

blue colour. By changing the filter to green again the whole cells were ob

served to see the drug localisation. Finally both nuclei and the whole cell 

images were overlayed using Leica microscopy imaging software. 

5.3 Drug uptake studies 

Cryptolepine and its derivatives were dissolved in methanol and the solutions 

were scanned in UV spectrophotometer and the A-max is recorded. Using 

these wavelength readings, samples were excited using a fluorescence spec

trophotometer to record the emission wavelengths of the samples. 

Cells were grown in a 96 well plate for 24 hours in RPMI medium without 

phenol red indicator at a seeding density of 20,000 cells per well. 7rows of 3 

columns (7x3=21 wells) were loaded with cell suspension for incubation. The 

next day after 24 hours of incubation, media from the first row of the cells 

was removed and loaded with 1 OO~L of drug solution ( solvent = media) with 

a concentration of 10~M and the plate was placed back in to the incubator. 

After 30 min. plates was removed from the incubator and the media from the 

second row was removed and loaded with 100~L of drug solution (10~M). 

The same procedure was repeated for rest of the rows every half hour lea

ving the last row with no treatment (blank). 
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2 3 I 5 10 11 12 

Drug treatments 

Figure 5.4 drug-uptake study design in a 96 well plate 

After the treatments were finished, the drug solution was gently removed 

from all the wells and 100IJL of DMSO was added to the wells and shaken 

gently for 30 minutes. The empty 8th row wells were filled with 1 OOIJL of 10IJM 

drug solution. 

Cells were lysed using Tritonx-100 (a non-ionic surfactant which increases 

the cell permeation) and extracted the drug using methanol. The plate was 

then scanned using a fluorescence plate reader measuring the intensity of 

the fluorescence from each well (25 scans for each well). As the 8th was filled 

with 10IJM drug solution, which served as a positive control for the experi

ment. Using a positive control (100% drug solution) data was analysed and 

compared to generate the report of percentage drug uploaded in to the cells 

over the period of three hours. 
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5.4 Topoisomerase II assay 

5.4.1 Materials 

A topoisomerase II assay kit was purchased from Topogen, Florida, USA 

(Topogen, 2005) 

5.4.2 Contents of the kit 

kDNA, decatenated kDNA marker, Linear kDNA marker, gel loading buffer, 

protein kinase 

BufferA: Mixture of Tris-HCI (pH-8) (0.5M), NaCI (1.50 M), MgCI2 (100 mM), 

Dithiothreitol (5mM), bovine serum albumin (BSA) (300ug Iml). 

Buffer B : 20mM ATP in water 

Drugs: Cryptolepine and its analogues 

Eppendorf tubes, Micro pipettes and pipette tips, A grade glassware 

5.4.3 Agarose gel 

0.75 g of agarose was mixed with 75ml of TRIS buffer and microwaved for 3-

5 min until all the agarose dissolved in the buffer. Once a clear solution is 

formed the agarose solution was taken out from the oven and ethidium bro

mide was added (0.5 J,lg/ml) to both gel and running buffer. Then the agarose 

solution was poured on to gel-tray and allowed to solidify at room tempera

ture for an hour. 

5.4.4 Running Buffer (T AE buffer) 

50x concentration: Tris base (242 g), glacial acetic acid (57.1 ml) and of 0.5 

M EDTA (100 mI). Diluted to 1x 
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5.4.5 Drug solutions 

Cryptolepine and its analogues were dissolved in DMSO first and then diluted 

to get the desired concentration. Serial dilutions were carried out to produce 

a concentration range of 100 to 0.01IJM. It was made sure that the concen

tration of DMSO in any solution was not more than 0.1 % v/v 

5.4.6 The topoisomerase II assay 

Buffer (2 IJI complete reaction buffer = buffer A + buffer B in 1:1 ratio), kDNA 

(0.25 lJg/ml, 11J1), bovine serum albumin (30 I-Ig/ml, 1 1-11), distilled water (to 

make up to 20 1-11), drug to be tested in desired concentration (1 1-11) were pi

petted out to a Eppendorf tube and incubated for 30 minutes at 37°C 

The reaction was then stopped by adding 41J1 of stopping buffer and 2 1-11 of 

protein kinase. The mixture was then incubated for digestion for 30 minutes. 

The reaction products were then loaded on to the ethidiumbromide-agarose 

gel and electrophoresis was carried out at 65V for 2.5 hours in TAE buffer. 

After the separation gel was visualised under UV illumination. 

5.5 DNA binding studies (Thlozole orange displacement as

say) 

S.S.1 Materials 

Duplex DNA (DS26) and quadruplex DNA (AG23) oligo-nucleotides were 

purchased from Eurogenetic, Belgium. Fluoremetric titrations were performed 

on Varian-Cary Eclipse fluorescence spectrometer (scans at 24,000 nmlmin, 

radiation source is Xenon flash lamp with room light immunity) with carry 

eclipse spectrophotometric software. 

209 



Experimental: In vitra and Bio-physical Studies 

5.5.2 Cacodylate Buffer 

Sodium cacodylate was purchased from Sigma Aldrich, UK. 

Made using 0.2M sodium cacodylate and 0.2M HC1 

5.5.3 Ligands 

Cryptolepine and its analogues. 

Thiozole orange was purchased from sigma Aldrich, UK. 

5.5.4 Preparation of Buffer 

Cacodylate buffer was made by dissolving sodium cacodylate crystals (42.8 

gm) in to distilled water (1 L) and the pH was adjusted to 7.3 using aqueous 

HCI solution (0.2 M). 

5.5.5 Preparation of oligoDucleotides 

5.5.5.1 22AG quadruplex 

These G-quadruplexes were made by heating the 22AG nucleotide in the 

cacodylate buffer (10mM, pH 7.3), 100mM KCI at 90°C for five minutes and 

then the solution was cooled in ice to form G-quadruplxes by intermolecular 

folding. 

5.5.5.2 DS26 duplex 

This duplex nucleotide sequence was made by heating DS26 in the cacody

late buffer (10mM, pH 7.3), 100mM KCI at 90°C for five minutes and then 

slowly cooling over a period of 6 hours. 

Once these DNA solutions were made the concentrations were measured 

using the UV-VIS spectrophotometer at 260nm using their extinction coeffi

cient values 
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5.5.6 Fluorometric titaratioDs 

5.5.6.1 For D526 

Cacodylate buffer containing 100mM of KCI was used for all the dilutions to 

get desired concentrations. In a 3ml capacity cuvette 1 ml of thiaozole orange 

solution and 1 ml of 0526 solution were pipetted using a micropipette and 

then the volume was adjusted to 3ml using the blank buffer and the fluores

cence was measured using the flUOrimetry. This served as a control for the 

titration. 

For the ligand experiments, first 1 ml of thiozole orange and 1 ml of 0526 so

lution were put into a cuvette and then the total concentration of ligand was 

made 0.375~M adding desired ligand and the volume was made up using the 

cacodylate buffer. The solution was allowed to equilibrate for 3 min and then 

the fluorescence intensity was measured. 

The same was repeated for each fluorometric titration by increasing the con

centration of ligand to 0.75 ~M, 1.5 ~M, 3.0 ~M, 4.5 ~M, 7.5 ~M in the cell 

and keeping the total volume of the cell constant 3ml. 

5.5.6.2 For AG23 

The same procedure was carried out for the G-qudruplex sequence with the 

only difference being the concentration of thiazole orange used which was 

compared to 0526. The reason for this is that quadruplex sequence has less 

number of binding sites compared to duplex sequence of 0526 

During the titration, depending up on the activity of the ligand a gradual fall in 

the fluorescence was seen as the concentration of the ligand increases. 
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Experimental: In vitro and Blo-physical Studies 

After the experiment for all the concentrations were recorded, using the Carry 

Eclipse software, the integrals graphs were measured for each ligand con

centration was measured. The percentage fall in the fluorescence intensity 

was measured for each concentration of the ligand and hence the binding 

efficiency of the ligand was interpreted. 
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Chapter 6 Conclusions 
The purpose of this study was to attach halogens (CI, Br and I) and 

alkyl amino sidechains at the 11-position of cryptolepine and then investigate 

these molecules for anticancer activity using an in vitro cytotoxicity assay and 

biophysical studies including DNA binding assays, topo II assays, fluores

cence microscopy and quantitative drug uptake studies. 

Amongst all the molecules synthesised, the derivatives with the 11-amino 

linkages and the 11-halogenated compounds showed greater activity than 

compounds having the 11-amido side chains. 

Overall, the 11-iodo and the 11-butylamino derivative showed the highest 

activity (Table 6.1 Summary of results). The reason behind the 11-butylamino 

compound could be because of its lipophilic alkyl sidechain which may have 

facilitated faster drug-uptake by the cells. 

The derivative with the isopropylamino sidechain showed lower activity being 

less lipophilic than the butylamino compound. Another reason for this could 

be due to the structural difference between the butyl and isopropylamine. In 

this context, having a branched alkylamino sidechain at the 11 position redu

ced the activity significantly compared to a straight chain. 

The same was seen in the drug-uptake studies, the intracellular concentra

tion of 11-butylaminocryptolepine reached 40% within first 0.5 hours after 

drug treatment, then rose up to 60% in 1.5 hours. 
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y 

1+ CI - - T opo II activi- Kd values ± SO 
N 

h ty 
~ '-': A549 cells DLD-1 cells 

I ~ MCF-7 cells expressed as 

~ 
ICso values in minimum AG22 ~ N ICso values in 

\-1 M 
ICso values in 

inhibitory DS26 
H \-1 M \-1 M quadruplex 

concentration duplex 
DNA X (MIC) in \-1M DNA 

X Y 

H CH3 0.47±0.12 5.90±0.69 1.25±0.77 0.5 
1.62 ± 0.62 2.45 ± 0.36 

H yNy CH3 20.38±2.01 17.92±2.31 37.05±2.36 2.51 ± 0.33 39.81 ± 5.17 

H 
yN~ CH3 1.05±0.15 0.63±0.51 2.85±0.87 0.25 0.79 ± 0.37 5.01 ± 1.85 

H 

\:N~ CH3 0.83 ±0.28 4.253 ± 1.88 2.4±0.96 1.26 ± 0.26 6.31 ± 3.15 

- ----
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H 
yN~N~OH CH3 10A1±O.75 6.77±2.03 12.23±1 .20 2.51 ± 0.58 3.98 ± 1.53 

H 

H 

\(N~ C2HS 12.58 ± 2.12 43.59±4.72 26.73±3.92 1.55 ± 0.55 26.92 ± 6.96 

Br CH3 5.16±1 .25 2.15±OA1 3.35±1 .62 

I CH3 0.28 ± 0.1 0.1±O.02 0.34±O.05 0.10 ± 0.06 0.32 ± 0.10 

CI CH3 42.83± 3.74 62.87±2.71 81.58 ±2.61 0.25 0040 ± 0.20 0.63 ± 0.002 

CI C2Hs 15.24± 2.2 21±3.62 31.84±3.86 

H 

O~:(y CH3 42.64 ± 3.17 31.72±2.56 75.01±2.92 >100 

H 

°rN~ CH3 21A1±1.76 7.26±1 .24 4.14±0.891 2.00 ± 0.74 3.55 ± 1.04 

H 

°rN~~~OH CH3 12.38±2.16 9.1S±1 .56 15.21±3.23 

Table 6.1 Summary of results 
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Whereas the 11-isopropylamino compound gave a poor drug uptake profile 

with a percentage drug uptake of 8% in 0.5 hours and a maximum drug 

uptake of 18% seen at 2.5 hours 

Topo II results reinforced the link between the cytotoxicity and topo II inhibi

tion. Among the derivatives tested, derivatives with the 11-butylamino side

chain showed the highest topo II activity with a MIC value of 0.25 ~M which is 

twofold higher than the parent compound. 

Knowing the lower cytotoxicity of the 11-isopropylamido derivative, topo II 

assay was performed on this compound, and it gave a MIC value of > 1 00 ~M 

indicating that having a amido-linkage not only did not favoured the cytotoxi

city but also reduced the topo II activity compared to the original compound 

(MIC = 0.5 ~M). It may be the structural features of isopropyl sidechain have 

played a role in this context as well. 

Surprisingly, despite its lower cytotoxicity, the 11-chloroderivative (Table 6.1) 

showed the highest topo II activity with an MIC value of 0.25 ~M. When ana

lysing its drug uptake profile, the percentage drug uptake was lower than 

both the 11-butylamino derivative and cryptolepine, reaching an intracellular 

concentration of only 25% in the first 30 minutes. In contrast to this despite its 

lower topo II activity, 11-iodocryptolepine (MIC = 0.5 ~M) gave a higher cyto

toxicity value compared to the11-chlorocryptolepine (Table 6.1). 

Fluorescence microscopic images showed that, though 11-

butylaminocryptolepine was dispersed throughout the cell, high concentra

tions were localised in the nucleus. 
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Conclusions 

Altough this was also observed in 11-chlorocryptolepine, the amount of drug 

localised in the nucleus is dramatically lower than the 11- butylamino deriva

tive and cryptolepine. This indicates that not only a lower amount of drug is 

being taken up by the cells but also the drug taken up is not reaching the nu

cleus effectively. 

It is proposed that these molecules are cytotoxic through DNA intercalation 

and subsequent inhibition of topa II. DNA binding assays were performed to 

learn further reasons behind the activity of the derivatives. 

Overall, the 11-alkylamino derivatives showed greater DNA binding thancryp

tolepine. Derivatives with the 11-butylamino and pentylamino sidechains 

showed higher binding constant activity than the 11-isopropylamino com

pounds, reinforcing the topa II and cytotoxcicity results. 

The 11-chloro derivative showed a higher binding than the cryptolepine, 

further suggesting that pharmacokinetics of this molecule played a role in its 

lower cytotoxicity and supporting the topo II data. 

11-lodocryptolepine showed the highest DNA binding to both duplex and 

quadruplex structures, which is reflected by its high cytotoxic activity on all 

three cell lines. 

Overall, in terms of selectivity, cryptolepine analogues preferred duplex DNA 

over G-quadruplex DNA, perhaps due to selectivity towards GC-rich se

quences present in the duplex DNA. 

In conclusion, these studies have shown that novel amino and halogenated 

cryptolepine analogues have greater in vitro cytotoxicity than the parent 
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Conclusions 

compound and are important lead compounds in the development of novel 

potent and selective indoloquinone anti-neoplastic agents. 
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