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Abstract

Conventional treatments for prostate cancer have significant limitations making it difficult to
control the disease. Cyclopropabenzindoles (CBI) are more biologically potent, stable and
synthetically accessible analogues of cyclopropapyrroloindole (CPI) anti-tumour antibiotics,
such as duocarmycin-SA and CC1065. A polymeric prodrug carrying a CBI drug attached to
the polymeric backbone through a PSA-cleavable linker peptide has two modes of selectivity:
activation by PSA and the EPR effect. To synthesise a 5-amino-seco-CBI analogue, 2,4-di-
nitronaphthalen-1-ol gave di-Boc-1-iodonaphthalene-2,4-diamine in five steps (triflation,
SnAr displacement with iodide, reduction (loss of iodine), protection and restoration of the
iodine. For the amino-seco-CBlI, it was important to discriminate between N? and N*. Acidic
removal of the Boc-group(s) resulted in deiodination. NMR investigations showed an
unexpected Wheland-like cationic intermediate. N*® of naphthalene-1,3-diamine was
selectively trifluoroacetylated and N* was masked with Boc. Electrophilic iodination gave an
orthogonally protected 1-iodonaphthalene-2,4-diamine. Allylation at the trifluoroacetamide
was followed by free radical cyclisation with TEMPO trap. Removal of the trifluoroacetyl
group allowed coupling to 5-(2-(dimethylamino)ethoxy)-1H-indole-2-carboxylic acid.
Reductive removal of 2,2,6,6-tetramethylpiperidine, substitution of the exposed hydroxy
group with chloride and removal of the Boc-group gave the amino-seco-CBI drug, 5-amino-1-
chloromethyl-3-(5-(2-dimethylaminoethoxy)indole-2-carbonyl)-2,3-dihydro-1H-

benz[e]indole. A DNA-melting assay confirmed that it binds very strongly to dsDNA causing
a 13 deg. C increase in melting temperature. The drug was a highly potent cytotoxin in vitro,
with 1Csp = 18 nM against LNCaP prostate cancer cells. The polymeric prodrug system
involved the synthesis of the pentapeptide SSKLQ. The amide side chain of glutamine can be
masked as the nitrile and this can be quantitatively hydrated to the y-carboxamide of L-GlIn
with hydroperoxide. The pentapeptide was coupled to 4-methoxynaphthalen-1-amine and to
poly(ethylene glycol) as a model polymeric prodrug system. Efficient release of the model
drug from the polymeric prodrug by PSA will allow this polymeric prodrug system to be

adopted for the synthesised amino-seco-CBI drug.
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NIS N-lodosuccinimide

PABA 4-Aminobenzyl alcohol

PBS Phosphate buffered saline

PCa Prostate cancer

PEG Poly(ethylene glycol)

PIA Proliferative inflammatory atrophy

PMT Prodrug monotherapy

PIN Prostatic intraepithelial neoplasia

PSA Prostate-specific antigen

PyBOP Benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate

PZ Peripheral zone

R¢ Retention factor

RNASEL Ribonuclease L (2',5'-oligoisoadenylate synthetase-dependent)

RNS Reactive nitrogen species

ROS Reactive oxygenative species

RP Reverse phase

Ser Serine
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SPB
TAPS
TBHP
TEMPO
TFA
THF
TLC

Tm

TMI
TNM
tPSA
TMPRSS2
Tris
TRUS
TsOH-
TZ
UGS
uv

VIS

Sodium phosphate buffer
Tumour-activated prodrugs
tert-Butyl hydroperoxide
(2,2,6,6-Tetramethylpiperidin-1-yl)oxyl
Trifluoroacetic acid

Tetrahydrofuran

Thin layer chromatography
Transition-melting temperature
Trimethoxyindole

Tumour, lymph nodes and metastasis
Total prostate-specific antigen
Transmembrane protease serine 2
Tris(hydroxymethyl)aminomethane
Trans-rectal ultrasound
para-Toluenesulfonic acid
Transition zone

Urogenital sinus

Ultraviolet

Visible
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1 Introduction

The walnut-sized prostate gland is the site of two of the most commonly encountered medical
problems in elderly men; benign prostatic hyperplasia (BPH) and prostate cancer (PCa). The
prostate gland is part of the male reproductive system lying in front of the rectum just beneath

the bladder and surrounding the upper part of the urethra.

1.1 Prostate development

The development of prostate gland starts around the 10" week of gestation triggered by
production of testosterone by the foetal testis around week 8. Binding of a-
dihydrotestosterone to androgen receptors in surrounding mesenchymal tissue causes the
initial growth of prostate buds from the urogenital sinus (UGS). These outgrowths undergo
extensive morphogenesis during the latter days of foetal growth. Influence of androgens
during the postnatal stage results in further differentiation and development of the secretory
role of the prostate. The posterior part of the prostate is the glandular region, whilst the
anterior section of the prostate is entirely fibromuscular in nature.> Up to 40% of PCa occurs

in the anterior section of the prostate gland.?

1.2 Zones of the prostate
The prostate consists of four anatomical zones based on biological and histological concepts.

The zones originate from the prostatic urethra and have different features.

1.2.1 Peripheral zone

The peripheral zone (PZ) is the outermost area and consists of relatively small and round
uniformly distributed acini. It has a fibromuscular stroma made up of a meshwork of loosely
arranged smooth muscle fibres separated by numerous collagen fibres and irregular spaces.
This zone consists of columnar secretory cells with small uniform basal nuclei and regular
luminal border. The PZ makes up about 70% of the glandular part of the prostate. The

majority of prostate carcinoma occurs in this zone. >4

1.2.2 Central zone
The epithelium of the central zone (CZ) consists of a stroma containing muscle fibres closely-
packed together and extending to the borders of the acini. The acini in the central zone are

large and relatively rectangular in cross section and are separated by the stroma. Irregularly
1



arranged secretory cells with large nuclei are seen in this zone. There are fewer stromal
components in CZ compared to PZ and transition zone (TZ). About 25% of the glandular
prostate that surrounds the ejaculatory duct is the central zone. The zone is said to be resistant

to cancer and other disease.> *

1.2.3 Transition zone

The transition zone rests next to the urethra and its morphology resembles that of the
peripheral zone. The acini are uniformly distributed and the stroma consists of compactly
arranged smooth muscle and collagen fibres. The zone grows with age and is frequently the

site for benign prostatic hyperplasia.®*

1.2.4 Periurethral zone
This zone contains underdeveloped small ducts and acini. Muscle and collagen fibres in the
periurethral region are compactly arranged. It makes up just a small fraction of the transition

zone.®

1.3 Functions of the prostate gland

The prostate gland has a range of functions including its participation in the control of urine
output from the bladder through its mass and musculature. It also aids in the transmission of
seminal fluid during ejaculation. As an exocrine gland, it contributes to the seminal plasma by
secreting a thick, milky-white fluid which is liquefied by prostate-specific antigen (PSA), an
enzyme also secreted by the prostate. The liquefied milky fluid becomes part of the semen.
This fluid contains small molecules and enzymes like coagulase and fibrinolysin which help
fertility and are involved in coagulation. Prostatic secretion reduces the acidity of urethra and
helps to keep sperm viable. The secretion also help improves the motility of sperm. Prostatic
acid phosphatase produced by the prostate is directly involved in the nutrition of sperm cells
by hydrolysing phosphorylcholine to choline. The prostate helps with the rapid metabolism of
testosterone to dihydrotestosterone and appears to be responsible for the high level of zinc in

the seminal plasma which acts as an antibacterial agent helping to protect sperms.>®

1.4 Prostate conditions
The prostate gland is prone to a number of medical conditions but mainly, benign prostatic

hyperplasia (BPH), prostatitis and prostate cancer (PCa).



1.4.1 Benign prostatic hyperplasia (BPH)

Benign prostatic hypertrophy is defined as an increased in number of parenchymal cells and
occurs almost exclusively in the transition zone of the prostate gland.” The condition is
associated with age and around 60% of men aged 60 years and above have a degree of
prostate enlargement. Causes are unknown but BPH is thought to be associated with hormonal
changes, food and lifestyle. Symptoms include increased urinary frequency and weakened
urinary flow as the enlargement places pressure on the bladder and the urethra. Treatment
optio