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ABSTRACT

Sulphated cholecystokinin-% (CCK-8) is an octapeptide neurotransmitter responsible for a 

variety of biological effects including the induction of satiety (loss of appetite). The control 

of food intake is mediated by the CCKa receptor subtype. Despite the interest for a CCKa 

agonist as a potential pro-satiating drug in the treatment of obesity, no such agent to date 

with acceptable bioavailability has been developed.

Levels of CCK-8 are regulated by an enzyme which has only recently been identified as 

Tripeptidvl peptidase II (TPP II). A selective peptidase inhibitor has been designed that 

protects CCK-8 against inactivation such that CCK-8 levels are amplified enough to 

suppress appetite. Butahindide was reported in 1996 as a potent and specific inhibitor of 

TPP II. Active in vivo, reducing food intake in starved mice, butabindide is an important 

pharmacological tool as an anti-obesity agent.

This thesis provides a complete account of the design, synthesis, and pharmacological 

activity of butabindide and additional analogues. This work focuses on modifying the 

structure of butabindide with the aim of improving its oral activity and to further increase 

inhibitor potency. As well as gaining a better insight into the nature of the TPP II binding 

subsites. Subsequent structure-activity studies showed the importance of the aminobutyryl 

residue. When replaced with other aminoacids activity was reduced. More potent inhibitors 

were achieved by introduction of a trifluoroethyl group at the indoline amide side chain 

together with substitution at positions 4 or 5 of the indoline ring. The best compound so 

far, UCL 2000 is 18 times as potent in vitro and 50 times as active in vivo than 

butabindide.
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1. INTRODUCTION

Are you pleased with your body weight? If so you’re a rare individual. Most people in our 

society think they should weigh more or less (mostly less) than they do. Usually their 

primary reason is appearance, but they often perceive, correctly that physical health is also 

somehow related to body weight. Despite our preoccupation with body image and weight 

loss, we are witnessing an epidemic of overweight and obesity across the world. ̂

1.1 Incidence of obesity

Obesity is a well-recognised health and social problem, with high rates of morbidity and 

mortality in modem societies.^’̂  The prevalence of obesity is especially high and 

increasing steadily in both Europe^ and the U.S.A.® More than half the U.K. adult 

population is overweight and 15% of British men and 18% of women are classed as 

clinically obese.® More worrying still is the rapidly emerging epidemic of childhood 

obesity since studies show that overweight children grow into overweight adults.®’̂  The 

problem is not just restricted to communities in the industrialised world but a growing 

concern in developing countries as well, where traditional diets are abandoned in favour of 

westem-style convenience foods, with their high fat and high sugar content. In China, for 

example, the market for carbonated drinks and fast foods is rapidly expanding with some 

disturbing consequences.®

Obesity is now so common that it is replacing the more traditional public health concerns, 

such as malnutrition and infectious diseases, as one of the most significant contributors to 

ill-health.® For the obese person, overweight denotes an increased risk of chronic disabling 

conditions, lowered quality of life and loss of earnings.® For society, obesity is a major 

economic burden, costing millions of pounds each year in indirect costs such as lost 

productivity and in healthcare costs.® In the U.K. for instance, obesity accounts for about 

4-8% of the health care expenditure.^® This is the same order of magnitude as the health 

care costs attributable to cancers. In the United States where over eating has been turned 

into an art form, the total cost of obesity in 1990 reached almost $70 billion. The cost in 

terms of lives is also great: an estimated 300,000 people die each year from obesity-related 

diseases. fri fact, obesity is second only to tobacco in causing preventable illnesses and 

premature deaths. ̂  ̂
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No longer should obesity be regarded simply as a cosmetic issue, nor as a moral judgement 

on those who suffer from it.

1.2 Health problems associated with obesity

Reports from the National Institute of Health conclude that obesity is a killer disease, 

shortening life by as much as four years.®

Obesity causes or exacerbates a large number of health problems, both independently and 

in association with other diseases. In particular, it is associated with the development of 

non-insulin-dependent diabetes mellitus (NIDDM),^®’̂® coronary heart disease,^ ̂  

hypertension,^® stroke,^® gall bladder disease,^® osteoarthritis of the weight bearing 

joints,^^ disturbances in pulmonary^ and reproductive function (ie. polycystic ovary 

syndrome),^ sleep,^^ and certain cancers such as endometrium,^® breast,^ colon^^ and 

prostrate cancers.^® The influence of body weight on diabetes is considerable. It is 

estimated that over one-half of all diabetes would be abolished if weight gain could be 

prevented.^ In addition, some surgeons are reluctant to operate on obese patients, even for 

simple procedures, out of fear that additional complications might arise during surgery. 

Furthermore, obese patients undergoing surgery require a larger than normal volume of 

anaesthetic since the gases (e.g. nitrous oxide) used are particularly fat soluble. 

Unfortunately, once surgery is over and the patient has regained consciousness, the 

anaesthetic stored in the fat tissues will be released and may render the patient unconscious 

again.®®

1.3 What is obesity?

(Latin ob -  on account of, estm  = having eaten). A healthy body contains some fat mainly 

in fat calls or adipose tissue. By medical definition obesity is simply an excessive 

accumulation of adipose tissue.®  ̂The cause of excess adipose tissue is an intake of dietary 

energy greater than energy expenditure, the excess being stored as fat.®̂

The actual deposition of excess fat in the human body may occur in two ways: hyperplasia 

(an increase in the number of fat cells), or hypertrophy (an increase in the size of the fat 

cells).®  ̂The number of fat cells increases most rapidly during the growing years, and the
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fat cells expand in size as they fill with fat droplets.^^ Existing fat cells apparently have a 

maximal size potential, which when exceeded stimulates the formation of new fat cells 

(Figure 1.1). Thus obesity develops when a person’s fat cells increase in number, in size, 

or quite often both.^^’̂  ̂Once obesity is established, weight reduction is accomplished by a 

decrease in fat cell size; fat cell number however is relatively unchanged. Hyperplastic 

obesity is therefore characteristic of a more severe condition and should be prevented

during the developing years.32

o,'

During growth, 
fat cells increase 
in number

When energy intake 
exceeds expenditure, 
fat cells increase in 
size

When fat cells have 
reached their maximum 
size and energy intake 
continues to exceed 
energy expenditure, fat 
cells increase in number 
again

With fat loss the 
the cells shrink in 
size, but not in 
number

Figure 1.1: Fat cell development

1.4 What causes obesity and who is obese ?

Overweight in individuals in any population is the result of a long-term positive energy 

balance.^ ̂  In our society, we are probably more sedentary than humans have ever been and 

this reduces our food energy requirements.^ At the same time we are faced with an 

abundant supply of highly palatable, often energy-dense foods.H ow ever, just to say that 

overweight is characterised by lack of exercise or unhealthy eating habits is an 

oversimplification. Obesity is not just about gluttony, weakness and sloth, and several
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epidemiological studies have shown that the interaction of a number of genetic factors are 

also associated with overweight in the population.^

1.4.1 Demographic factors

• Age: obesity may occur at all ages, although incidence increases with age at least up till 

50-60 years when metabolism slows down.^^ Weight gained during critical periods 

more commonly lead to an increased number of fat cells and makes obesity difficult to 

treat; between 12-18 months and between 12-16 years of age.̂ '̂̂ ®

• Gender: women have generally a higher prevalence of obesity compared to men 

especially when older than 50 years of age.^^

• Ethnicity: Many ethic groups, such as African Americans, Hispanic Americans, Asians, 

Pacific Islander Americans, Alaska Natives and Hawaiian Natives are more likely to be 

obese than whites. This is especially true for woman.

• Educational level: in industrialised countries, higher prevalence in those with lower 

education and/or income/

1.4.2 Genetic factors

There is persuasive evidence from family studies and twins that a tendency to gain weight 

is inherited.^ A study of adopted children,^^ fraternal and identical twins, has shown a 

greater relationship of the body composition between the children and their biological 

parents as compared to the adoptive parents.^^ When both parents are obese, the chances 

that their children will be obese are high (80%), whereas when neither parent is obese, the 

chances are small (10%).^^

The clearest link between genes and obesity is evident in laboratory rodents where 

mutation of a single recessively inherited gene has led to obesity. For example, mutations 

in the leptin gene result in complete deficiency of leptin and severe obesity in the ob/ob 

mouse, (mouse homozygous for the obese gene mutation). Although extremely rare, a 

genetic deficiency of leptin has been identified in human beings as well.^^'^ However, 

most obese humans have much higher plasma levels of leptin^® than non-obese humans, 

suggesting that most obesity is associated with leptin resistance rather than leptin 

deficiency.^

Other genetic models of obesity in the mice exist. The genetically obese agouti or yellow 

(A^) mouse develops adult-onset obesity due to an ectopic overexpression of the agouti-
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signalling protein, which acts as an antagonist of a-melanocyte-stimulating hormone (a- 

MSH)^^ at the melanocortin-1 (MC-1) and melanocortin-4 (MC-4) receptors. MC-4 

receptors are involved in feeding^ subsequently, humans that do not synthesise 

melanocortin peptides or that have mutations in the MC4 receptor gene are obese. 

Although many individuals may have a genetic predisposition to excessive weight gains, 

obesity is not inevitable, conversely, those without a genetic predisposition can still 

become obese.

1.4.3 Environmental factors

Obesity has a strong behavioural input, through an increasingly sedentary lifestyle,^® a 

high fat diet,^^ drinking alcohol®® and smoking cessation.®^

1.4.4 Medication

A number of commonly used drugs increase appetite: corticosteroids (antiasmatics), 

progestogens, megestrol, phenothiazines (antipsychotics), tricyclic antidepressants and p- 

blockers (antihypertensive). ̂  ̂

1.4.5 Endocrine disease

Hypothyroidism or Cushing’s disease lowers the metabolic rate and may compound being 

overweight, and make it difficult to treat. It is always worth checking the thyroid- 

stimulating hormone (TSH), since it is easy to miss the clinical diagnosis.

1.4.6 Hypothalamic injury

Hypothalamic overeating (the Prader-Willi syndrome) can result from a malfunction of the 

part of the brain controlling appetite and satiety. This inherited disorder is exceedingly 

difficult to manage, but exceedingly rare affecting 1 in 20,000 children.

1.5 Energy balance: set-point theory

The human body may consume a ton of food, nearly one million Calories, over a year and 

not change its weight by a single pound. Individuals are constantly harnessing and 

expending energy through the intricacies of their bodily metabolism in order to remain in
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energy balance. To maintain a given body weight, energy input must balance energy 

output.

Obesity is not a failure of will or behaviour, nor is it a disorder of body weight regulation. 

In the obese person, body weight is just as carefully regulated as it is in non-obese persons, 

but regulation is around an elevated set point. The set-point theory of weight control 

proposes that our bodies are programmed to be a certain weight, or a set-point. If we 

deviate from this set-point, our bodies will make metabolic adjustments to restore the 

original weight®  ̂ (Figure 1,2). Energy expenditure therefore increases after weight gain 

and decreases after weight loss.^'^^ These changes in energy expenditure exceed those 

predicted based on body composition^ and help to explain why it is so difficult for an 

obese person to maintain weight losses.

Leptin

Adipose Blood circulation
Cells

Gene

NPY

Hypothalamus

Figure 1.2:Leptm maintains energy homeostasis. When the body gains fat, the increase in leptin 
shifts energy balance toward the negative. (NPY is a potent stimulator o f food intake).^

1.6 Obesity and feeding

Appetite is controlled by a homeostatic system that serves to maintain energy balance.^^ 

The brain plays a critical role in regulating the subjective feelings of hunger and satiety, in 

particular, a region at the base of the hypothalamus known as the arcuate nucleus.®® The 

consumption of food is closely linked to maintenance of a constant level of adiposity,®® 

and information about body fat stores is communicated to the brain by hormones; leptin 

and insulin, whose circulating levels correlate well with fat mass®°'®\Figure 1.3)
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CRH,
Oxytocin

MCH, Oxexins
PARAVENTICULAR 
NUCLEUS >
(satiety centre)) LATERAL

HYPOTHALAMUS
(feeding centre) HINDBRAINCART

-NpY
a-MSH-

AgRP

ARCUATE
NUCLEUS

CNS
M eal sizePeriphery

Leptin Insulin
(from fat) (from pancreas)

Gastrointestinal signals
(cholecystokinin, bombesin, 
glucagon)

Figure 13: Pharmacology of appetite control. Peptides that cause animals to eat more and gain 
weight are shown in others that reduce eating and lead to weight loss are shown in blue, a- 
MSH = a-melanocyte stimulating hormone, AgRP = agouti-related protein, NPY - neuropeptide 
Y, CART = peptide from cocaine and amphetamine related transcript, CRH = corticotropin- 
releasing hormone, MCH = melanin-concentrating hormone.^

In the arcutate nucleus, neurons with receptors for insulin and leptin fall into two classes. 

One class makes at least two appetite stimulating neuropeptides; neuropeptide Y (NPY) 

and agouti-related protein (AgRP).^® The other class of neurons makes at least two 

neuropeptides that reduce appetite; a-melanocyte stimulating hormone (a-MSH) and 

cocaine and amphetamine related transcript (CART).^® Axons run from neurons in the 

arcutate nucleus to two nearby regions of the hypothalamus, the paraventicular nucleus 

(PVN) and the lateral hypothalamus (LH). The PVN together with the LH forms the basis 

of the original ‘dual-centre’ theory of appetite control. Activity in the PVN tends to reduce 

food intake (satiety centre) and activity in the LH as a generality, is associated with 

increased eating (hunger centre).®® Again there are at least two major neuropeptides that 

carry signals from each of these regions.®® All of these neuropeptides, and others besides, 

are the focus of intensive investigations as targets or models for weight-regulating drugs.
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1.7 Body fat and diagnosing obesity

An accepted indicator of obesity and its risks is the Body Mass Index (BMI), arbitrarily 

defined by international convention set out in World Health Organisation (WHO) 

guidelines.^ The BMI is an index of a person’s weight in relation to height and determined 

by dividing the weight (in kilograms) by the square of the height (in meters).^ BMI = 

weight (kg) / height^ (m). (Or dividing weight in pounds by height in inches squared and 

multiplying by 703).^^

w e i g l ^ )  , , 0 3

height^ (m) height^ (in)

The acceptable range of BMI (20-24.9 kg/m^) straddles the “acceptable average” of 2 1 

kg/m^ (Table 1.1).^  ̂ The acceptable average marks the point vrith the statistically greatest 

life expectancy and freedom from disease. With a BMI >25 kg/m^ (overweight or 

preobQst), health risks increase progressively, with the risks escalating when BMI exceeds

30 kg/m (obese). 11,63

BMI WHO classification Popular description

<18.5

18.5-24.9

25-29.9

30-39.9
>40

Underweight

Grade I overweight 

Grade II overweight 

Grade III overweight

Thin
"Healthy", "normal" 
or acceptible weight

Overweight

Obese

Very obese 
or morbid obesity

Table 1.1: WHO Classification of overweight.63
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Figure 1.4: Silhouettes showing a range of Body Mass Indices.66

Weight gains and losses tell us nothing about how a body’s composition may have 

changed, yet weight is the measure most people use to judge their ‘fatness’. For many 

people, overweight means over-fat. This is not always the case, though, and there are 

examples which illustrate the inappropriate use of BMI. Athletes with dense bones and 

well-developed muscles may be overweight by BMI standards, but have little body fat. 

Conversely, inactive people may seem to have acceptable weights, when, in fact, they have 

too much body fat.^  ̂ Health care professionals often compare people’s weights with 

standard weight-for-height tables, (Appendix). However standards for desirable weights 

have changed over the years and authorities debate over which weight standards are most 

appropriate and valid. Some disapprove the current weight tables for not specifying 

recommendations by sex and age.^^

In short although BMI values and height-weight charts are easy to calculate, and fairly 

accurate, they fail to reveal in assessing disease risk: how much of the weight is fat and

where the fat is located. 33

1.8 Body fat and its distribution

The distribution of fat on the body may be more critical than fatness alone. In adult men 

with an average weight the percentage body fat is in the order of 15-20%. In women this
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percentage is higher (25-30%) The amount and distribution of fat is characteristic of the 

individual’s particular somatotype.®^ People who tend to store excess fat deep in the body 

particularly in the abdominal area (a central fat or upper-body fat distribution) have many 

more metabolic complications than those who tend to distribute the excess fat as 

subcutaneous fat peripherally in their hips or t h i g h s . T h e  major metabolic change in 

obesity is a decreased sensitivity to insulin. This change causes abnormalities in glucose 

and lipid metabolism and consequently, linked to syndromes of insulin resistance and 

dyslipidaemia.^

Vague (1947) was the first to observe that the gender-related difference in body fat 

distribution was a better correlate of the complications of obesity than excess body weight 

per se^^ Abdominal fat (visceral fat) is common in woman past menopause and even more 

common in men.®® Interestingly, people with central obesity smoke more and drink alcohol 

more than average.®®

; / f \

I m m

; i

Android (apple-shaped) obesity 

Figure 1.5: Centrally distributed adipose tissue®®

Lower-body fat, is most common in woman in their reproductive years®  ̂ and seems 

relatively harmless.®® Android (male) type obesity is sometimes referred to as the apple

shaped obesity (Figure 1.5) and gynoid (female) type obesity is often referred to as pear- 

shaped obesity®  ̂(Figure 1.6)
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Gynoid (pear-shape) obesity 

Figure 1.6: The peripheral distribution of adipose tissue®®

A variety of indirect methods have been developed to assess body composition.^^ These 

include under-water w e i g h i n g / n u c l e a r  resonance s c a n n i n g ^ a n d  bioelectrical 

impedance. None of these however, are feasible in ordinary medical practice to predict 

intra-abdominal fat. Instead the methods commonly used are the measure of subcutaneous

fat folds^^ (skin-fold thickness) or the waist:hip circumference ratio'** (WHR).74

1.9 The weight-loss industry

Multimillion pound businesses have been built on people’s desire to lose weight. An 

estimated 40% of all woman in the United States and 25% of all men are on a weight loss 

regime at any given time, spending up to $40 billion each year to do so.® Obese subjects 

are however, often unsuccessful in achieving, and then maintaining, weight losses. One 

reason for the low success rate is that many people look for quick and easy solutions to 

their weight problems. They find it hard to believe that an effortless weight-loss method 

doesn’t exist, and succumb to extravagant advertising and quick fix claims like ‘Eat All 

You Want and Still Lose Weight!’ or ‘Melt Fat Away While You Sleep!’ They invest their 

hopes (and their money) in all manner of potions, gadgets and programmes that promise of 

a slimmer, happier future. High-protein, low-carbohydrate fad diets rarely have any
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permanent effect since sudden and radical changes in eating patterns are difficult to sustain 

over time/^ In addition, so-called ‘crash’ diets often send dieters into a cycle of quick 

weight loss, followed by a rebound’ weight gain once normal eating resumes/® Often 

more aggressive treatment options using appropriate pharmacotherapy are necessary to 

increase compliance with a weight-loss programme or to assist high-risk patients who have 

failed to respond to diet and exercise alone/^
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1.10 Drug treatment of obesity

Anti-obesity drugs are currently reserved for people who are classified as ‘severely’ obese, 

and for those who already have secondary complications such as diabetes or angina/^ 

Nevertheless, it appears that individuals across the weight spectrum, including physically 

active individuals and athletes are using drugs for weight-control purposes.®^

Because weight regain commonly occurs with the discontinuation of drug therapy, 

treatment must be long-term. Yet the long-term use of drugs poses risks^® because of 

associated side effects in some individuals. These risks may include tremors, seizures, 

psychoses, heart arrhythmias, pulmonary hypertension, addiction and even death.® 

Nevertheless drugs should not be withheld on the basis of prejudice and misconception, but
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seen as useful adjunctives to diet and exercise programmes. To date, an ideal drug 

treatment does not exist but the potential is there for research to lead the way forward. 

Diet pills fall into three categories depending on their aim: either to increase energy 

expenditure, to inhibit food intake or to suppress fat absorption from the gastrointestinal

tract. 77,79

Anti-obesity Drug

Incerase Energy 
Expenditure

Inhibit Food 
Intake

Suppress Fat 
Absorption

p3~adrenoceptor 
agonist

Leptin

Uncoupling
protein-2

Induce feeling 
of fullness 
(satiety agents)

Suppress appetite 
(anorectics)

Cholecystokinin-8 
receptor agonist

L  Benzodiazepines

Inhibitor ofCCK-8 
inactivating peptidase

Butabindide

— Leptin
— Olistat
— Acarbose

— Adrenergic agents

— Phenylpropranol
— Phentamine
— Diethylpropion

Noradrenaline reuptake 
inhibitor

mazindol

— Serotonergic agents

— Fenfluramine
— Dexfenfluramine

Serotonin reuptake 
inhibitor

Sertraline

Serotonin-Noradrenal ine 
reuptake inhibitor

Sibutramine
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1.11 Appetite suppressants

The appetite system is particularly vulnerable to pharmacological action and this is 

reflected in the large number of chemicals reported to inhibit food intake. The appetite 

suppressants or anorectics act directly on the CNS and decrease food consumption by 

activating central adrenergic or serotonergic systems.^ '̂^^ In general, this may involve 

increasing the secretion or decreasing the reuptake of various neurotransmitters in the 

hypothalamus-such as serotonin or noradrenaline.®^

1.11.1 Adrenergic agents

Early anorectics such as amphetamine 1 and related compounds: dexamphetamine and 

methamphetamine®® are no longer recommended for use because of their stimulant 

effects.®  ̂Amphetamines have abusive potential and the feeling of euphoria that emerges 

on administration causes chemical dependency.®^ Withdrawal leads to extreme fatigue, 

mental depression, and sleep abnormalities. For several decades after the disappointments 

with amphetamines, drug treatment for obesity floundered amidst negative publicity, 

government regulations, and ineffective and dangerous outcomes.®® Then, with new 

understandings to the cause of obesity and an acceptance of its classification as a chronic 

disease,^® drug treatment research rapidly gained ground. Experts reasoned that if obesity 

is a chronic disease, it should be treated as such-and the treatment of most chronic diseases 

includes drugs.^® Thus, the search for an effective drug that will help promote fat loss and 

maintain a healthy body and can be used over time without adverse side effects continued. 

The anorectic agents that are currently available, for the treatment of obesity are 

phenylpropanolamine®® 2, phentermine®^ 3, diethylpropion®^ 4, and mazindol®® 5. With the 

exception of 5 which is a noradrenaline reuptake inhibitor they are P-phenethylamine 

derivatives that stimulate the release of noradrenaline. Although they all have some 

stimulant effects, they have little or no abuse liability, since they activate the adrenergic 

system selectively with little or no effect on dopaminergic neurotransmission.^® Their CNS 

excitation is manifested as insomnia, anxiety or irritability, none of which are life 

threatening.® '̂®^

Me, Me

OH

2
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1.11.2 Serotonergic agents

Anorectics of this class promote the release of serotonin (5-HT) in the CNS.^^’®̂ 

Serotonergic antiobesity drugs increase satiation; the process which brings a period of 

eating to an end, and satiety; the absence of hunger after eating.®® Other than the 5-H Tib  

and 5-HT2C receptors, there is little evidence linking additional 5-HT receptor subtypes 

with effects on feeding.®®

Fenfluramine (Pondium™) 6 is a racemate that is chemically related to the adrenergic 

drugs, however the trifluoromethyl group on the phenyl ring alters its activity dramatically 

because of the added serotogenic activity.®  ̂Fenfluramine has been used extensively for the 

management of obesity in conjunction with phentermine 3.®® The ‘fen-phen’ combination 

was more effective than either fenfluramine or phentermine alone and enjoyed significant 

popularity in the United States.®® However, due to the finding that patients taking 

fenfluramine had a high incidence of valvular heart disease,®  ̂®̂ it was withdrawn from 

world-wide sale in September 1997. Phentermine was not withdrawn since it was not 

believed to be responsible for these cardiovascular effects.

Dexfenfluramine (Redux™) 7 is the therapeutically active dextrorotatory stereoisomer of 

fenfluramine.®® It was developed to retain the appetite suppressant properties of 

fenfluramine but with fewer of its side effects (diy mouth, dizziness and digestive 

problems).® However, after only nine months on the market, the U.S. Food and Drug 

Administration (FDA) also withdrew its approval for this drug.®’®̂

Me
-NHEt

F3C 6

^ -N H E t

7
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Because of the role that serotonergic modulation can play in the regulation of food 

consumption, selective serotonin reuptake inhibitors (SRIs) have been evaluated as anti

obesity agents.^^ Fluoxetine 8 (originally assessed as an antidepressant) and Sertraline 9, 

decrease food intake and body weight.® ’̂®® However, Fluoxetine has been unsuccessful as 

an antiobesity agent in the clinic since weight loss is not maintained for extended

periods.94
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1.12 Drugs on the horizon

Undoubtedly, the next decade will see the advent of several new drugs into the clinic. 

Within three months of the dexfenfluramine and fenfluramine recall, two other agents 

moving towards FDA review and approval are sibutramine (Meridia^) 10 and orlistat 

(Xenical™) 11.”

Me

Me 
Me Me

10

MeX

11

Sibutramine is a p-phenethylamine that is a dual serotonin and norepinephrine reuptake 

inhibitor (SNRI).^’®̂ It reduces food consumption by both the inhibition of monoamine 

reuptake and enhanced thermogenesis, via activation of the p3-adrenergjc system in brown
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tissue.®® Although there are no reported cases of pulmonary hypertension, sibutramine does 

increase blood pressure and heart rate in healthy volunteers.®® In addition, it has the 

potential to cause dependency if abused.®^

1.12.1 Gastrointestinal acting agents

Orlistat is a chemically synthesised hydrogenated derivative of lipostatin, a naturally 

occuring lipase inhibitor isolated from the bacterium Streptomyces toxytricini}^ Not an 

appetite suppressant, orlistat reduces the digestion and absorption of dietary fat by 

interfering with the fat processing enzymes in the intestine (e.g. pancreatic, gastric, 

carboxylester lipases and phospholipase However, the drug is not without side

effects since it reduces absorption of fat-soluble vitamins (e.g. vitamins E and D). Orlistat 

has now been approved for marketing in several European countries (e.g. France, Germany 

and United Kingdom, New Zealand and additional countries in South America),®  ̂

However its future success depends on the capacity of individuals to tolerate large 

quantities of fat in the stools which causes faecal incontinence, flatulence, and abdominal 

pain.̂ ®̂

Acarbose 12 is an a-glucoside inhibitor which delays the absorption of dietary 

carbohydrate from the GI tract by inhibiting the breakdown of these polysaccharides.^®^ In 

support of this action, acarbose is active at enhancing glucose tolerance and is marketed for 

the treatment of non-insulin-dependent diabetes.®^

HO
HO œ
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HO OH
O OH
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As the drugs just described enter the marketplace, several others are right behind. Drugs 

that promise to become obesity treatments are presently undergoing evaluation by
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numerous pharmaceutical companies and in various stages of development are the 

following:

1.12.2 Leptin

Leptin, the product of the ob gene, is an integral part of a feedback loop that communicates 

information about nutrient stores to the brain. Secreted leptin circulates in plasma 

and acts on the OB receptor in the hypothalamus to decrease food intake and increase 

energy expenditure. Leptin itself is being pursued as a possible therapeutic treatment for 

obesity.

1.12.3 Neuropeptide Y (NPY)

NPY (a 36 amino acid C-aminated peptide) is a potent stimulant of feeding,^ and 

accomplishes this effect through its actions on the Yi and Y5 receptors in the 

Leptin appears to decrease food intake and body weight in part by inhibiting NPY 

synthesis and re le a se .N P Y  is therefore a key modulator of body weight and NPY 

receptor antagonists (e.g. BIBP3226 13, LY-357,897 14, PD 160,170) have been identified 

as prototype antiobesity agents.^®

OH
NH

13

Pr O

14

Development of additional non-peptide NPY receptor antagonists with superior 

pharmacokinetic properties relative to existing compounds is anticipated.

1.12.4 Cocaine- and amphetamine-regulated transcript (CART)

The hypothalamic peptide CART has been shown to be a satiety factor that is closely 

associated with the actions of leptin and NPY.^^  ̂ In animal models of obesity with 

disrupted leptin signalling, CART was almost absent from the arcuate nucleus of the 

hypothalamus.^ Peripheral administration of leptin in obese mice stimulated CART
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mRNA expression and the feeding response induced by NPY was completely b locked .A  

major effort is underway to identify the receptors for CART peptide and to make 

medications based on the CART system.®*

1.12,5 Melanocortins

The a-melanocyte-stimulating hormone (a-MSH)^^^ reduces appetite by interacting with 

the melanocortin-4 (MC-4) receptor in the hypothalamus. The association of a-MSH with 

obesity was first appreciated because the agouti peptide stimulates obesity in mouse 

models and is also a high affinity antagonist at MC-4 receptors.^The physiological 

feeding response evoked by the antagonism of MC-4 receptor is influenced by NPY 

s ig n a llin g /a n d  important in mediating the effects of leptin on body w e ig h t.^ It 

therefore follows that MC-4 agonists might be valuable therapeutic agents.®*

1.12.6 Py-^drenergic receptor agonist

The catecholeamines noradrenalin and adrenalin increase resting expenditure by 

stimulating preferentially brown adipose tissue (BAT) therm ogenesis.T h is is 

accomplished by activation of the uncoupling protein-1 (UCP-1) through Ps-adrenergic 

rec ep to rs .T h e re  is strong correlation between abnormalities in BAT function and 

obesity.^^* The key to success in this area is the discovery of selective p^-adrenergic 

receptor agonists that lack cardiovascular or other effects mediated by pi- or p%- adrenergic 

stimulation.^^*

1.12.7 Uncoupling Proteins

UCP-1 is an integral component of the mitochondrial inner membrane of brown adipocytes 

and is central to BAT functioiL^^’̂ ^̂  Uncoupling proteins make the mitochondria less 

efficient by allowing the proton gradient that ordinarily builds up across the inner 

membrane, during respiration to partially dissipate. As a result, fatty acid oxidation is 

uncoupled from ATP generation, producing heat instead of chemical e n e r g y . W i t h  

the discovery of UCP-2^^® and UCP-3^^ a role for uncoupling proteins in regulating 

energy expenditure has been established and prompted them to be potential targets for 

weight-control drug discovery.®*
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1.12.8 Melanin concentrating hormone (MCH)

MCH is an important neuropeptide in the central systems that regulate body weight. 

Furthermore, there is indication of cross-talk between the NPY, melanocortin and MCH 

systems. MCH antagonists will be useful anti-obesity agents.®®

1.12.9 Orexins

Two new novel neuropeptides, orexins-A (33-amino acid) and -B (28 amino acid) 

primarily localised in the hypothalamus, of the adult rat brain. Orexin mRNA are 

upregulated upon fasting and orexin-A and -B receptors have clear associations with 

feeding. Inhibition of orexin receptors is a reasonably new strategy in the design of 

drugs for the treatment of obesity.®®

1.13 Gut peptides as a new class of anorectic agents

Research into the satiating effect of food has revealed three peptides; cholecystokinin 

(CCK),̂ ®® pancreatic glucagon,^ '̂^®® and bombesin,^^®’̂ ®̂ released by ingested food from 

the gastrointestinal tract to reduce hunger and to suppress eating in a specific dose-related 

manner, without signs of acute toxicity in humans. Although their chemical structure 

and specific effect justify calling these peptides a new class of anorectic agents, not enough 

work has been done to evaluate their efficacy for weight loss in obese humans or their 

safety when administered for months. The best studied of these putative satiety agents is 

CCK, whose potent anorectic action is the focus of this project.

1.14 Cholecystokinin

Cholecystokinin (CCK) 15, a 33-amino acid polypeptide, is a member of the brain-gut 

family of peptides^ that is found in various mammalian species, including man.̂ ®® 

Localised in peripheral organs of the gastrointestinal (GI) tract and in particular neurons of 

the central nervous system (CNS), these peptides have multiple biological functions, as 

hormones as well as neurotransmitters. ̂ ®® Phylogenetically, CCK peptides arose extremely 

early in evolution^ ®̂ being present in the primitive nerve cells of the coelentra. 

Hydra. ̂®®’̂®® CCK peptides share a common COOH-terminally aminated pentapeptide
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sequence; Gly-Trp-Met-Asp-Phe-NHa with the mammalian intestinal hormone 

gastrin. A variety of biologically active forms of cholecystokinin have been 

identified (e.g. CCK-58, 39, 38, 22, 12, 10, 9, 8, and 4), several specific to certain 

species. The C-terminal octapeptide in its sulphated form Asp-Tyr(S03H)-Met-Gly-Trp- 

Met-Asp-Phe-NHz (CCKg or CCK26-33), is relatively conserved across species and is the 

minimal sequence required to retain full reactivity of the complete hormone.

OSOiH

HOOC

HOOC

Asp-Tyr(S03H)-Met-iGly-Tip-Met-Asp-Phe-NH2i
1 2  3 4 5 6 7 8

Figure 1.7: The amino add sequence of cholecystokinln-8.
Area in represents the area o f homology with gastrin

1.15 Historical perspective

In 1966 CCK was isolated as a 33-amino acid hormone from the porcine gastrointestinal 

tract by Mutt and Jorpes.^^ '̂^^^

Historically, the existence of CCK was first suspected over one hundred years ago, when 

Okada found that acidification of the dog intestine led to expulsion of gall bladder bile as 

well as increased secretion of hepatic bile fiow.^^ In 1928, Ivy and Oldberg described a
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substance that was released from the upper intestine to produce gall bladder contraction 

and later suggested this hormone be named cholesystokinin/^ Between 1932 to 1955, a 

series of investigations by Quigley et al. noted CCK to also inhibit activity of a denervated 

stomach.^^^^ Independent work by Harper, Vas and Raper in 1943 showed that porcine 

intestinal tissue contained a hormone, distinct from secretin, which stimulated pancreatic 

enzyme s e c r e t i o n . T h e y  called this hormone pancreozymin. Originally CCK and 

pancreozymin were thought to be two hormones, but after they had been purified and 

characterised they proved to be identical.^^®

McLagan in 1937 was the first to discover the effect of CCK on food intake using a crude 

duodenal extract. CCK’s ability to decrease food intake in dogs was demonstrated by 

Sjoden̂ ®̂  in 1972. At the time it was considered a toxic effect but was later proposed as a 

satiety agent by Gibbs and associates in 1973 when they noted that the biologically active 

form of CCK (CCK-8S) decreased food intake in the rat.̂ ®̂  In 1975, Vanderhaegen and 

coworkers described the presence of gastrin-like immunoreactivity in the brains of man 

and several other species. In the following year Dockray showed that the gastrin-like 

immunoreactivity in extracts of cerebral tissue was due to peptides more closely 

resembling CCK than gastrin.

1.16 Biological actions of CCK

In the peripheral system CCK-33 aids digestion processes through regulation of various gut 

functions. Its major gastrointestinal actions include stimulation of pancreatic exocrine 

secretion,^^ contraction of the gallbladder,^enhanced gut motility,̂ ®® delayed gastric 

em ptying,^and induction o f satiety}^ The principle stimulus to CCK secretion is the 

presence in the duodenum of fatty acids containing more than ten carbon atoms, amino 

acids particularly tryptophan and phenylalanine, and hydrochloric acid.^^^

CCK is the most abundant peptide in the brain, and corresponds mainly to CCK-8 (60- 

70%) which fulfils all the criteria of a neurotransmitter. CCK has been demonstrated to 

have a number of effects on anterior pituitary hormones and the high concentrations in the 

posterior pituitary suggest a possible neuromodulatory role in the regulation of vasopressin 

and oxytocin. In addition CCK has been found to co-exit within the same neuron as 

dopamine (DA),̂ ®̂  enkephalin and substance at many sites. The ability of CCK to 

modulate the release of these peptidergic neurotransmitters may influence psychotic
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behaviour, and pain p e r c e p t i o n / C C K  acting centrally also produces mild 

hypothermia^®  ̂and appears to be a central nervous system depressant/®^

1.17 CCK receptors

The specific physiological and behavioural roles of CCK associated with the different sites 

of action have demonstrated that there are at least two classes of receptors through which 

the actions of CCK are mediated; peripheral type(A) and brain type(B)/^^’̂ °̂ With the 

recent availability of selective receptor agonists and antagonists and a variety of 

radiolabelled probes (eg. [^^®I]Bolton-Hunter cholecystokinin octapeptide) some analysis 

of these receptors was permitted.̂ ®̂ ^®®

CCK-A receptors are found predominantly in the periphery (pancreas, gall bladder, pyloric 

sphincter, spinal cord, vagus nerve) and in limited brain sites. ̂ ®®"̂ ®̂ While CCK-B/gastrin 

receptors are located primarily in the brain, and appear to be very similar to gastrin 

receptors in the gut.^̂  ̂ CCK-A and CCK-B receptors are also differentiated by their 

relative affinity for sulphated CCK and its fragments.̂ ®® CCK-A receptors are selective for 

the sulphated octapeptide, while CCK-B receptors do not require sulphation, nor all eight 

amino acids. Expression and cloning of both receptors have shown that they belong 

to the superfamily of receptors that couple with G-proteins (guanine nucleotide-binding 

regulatory proteins) and contain seven membrane-spanning helices (Figure 1.8).^^  ̂

Affinity labelling studies of CCK-A receptors suggest a highly glycosylated binding 

subunit, with a molecular mass of 85-95 kDa and a deglycosylated core protein of 42 kDa. 

CCK-A receptor activity in the pancreas is mediated intracellularly by the hydrolysis of 

phosphatidyl inositol, mobilization of intracellular calcium and activation of protein kinase 

C.^^  ̂ However, no such effector system has been definitely linked to the CCK-A and 

CCK-B receptors in the brain.

NHV'

VII

COOH
G protein binding domain
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Main features:

• Single polypeptide chain

• Seven hydrophobic membrane-spanning a-helices

• N-terminal extracellular and glycosylated

• Third long cytoplasmic loop (between TM5 and TM^) may control G protein coupling

Figure 1,8: G-protein linked receptor superfamily.

1.18 Distribution of CCK

Originally it was thought that the main function of CCK in mammals was that of a 

peripheral hormone because of the high concentrations found in the gastrointestinal 

tract. However subsequent studies^ of CCK localisation in the body also showed 

varying amounts in different regions of the b r a i n . T h i s  was the first indication that 

CCK may act as a central nervous system transmitter.

The distribution pattern for CCK in the CNS is unique and differs markedly from that of all 

other known hormonal brain peptides (e.g. thyrotropin-releasing hormone, somatostatin, 

substance P, neurotensin and luteinizing hormone-releasing hormone) located mainly in 

the hypothalamus.^^® Immunohistochemistry of brain tissue followed by 

radioimmunoassay of extracts,^ showed that the highest concentration of 

Cholecystokinin-containing neurons were found in the cerebral cortex; cortical CCK 

comprises about 75% of the total CCK in the brain. Within the cerebral cortex, CCK is 

highest in the cingulate, pyriform, and entorhinal areas. There is also substantial CCK 

concentrations in non-cortical brain regions except pons, medulla and cerebellum. CCK- 

containing cells and fibres are widely distributed in the hypothalamus, where it is highest 

in the median eminence and ventromedial nucleus. Considerable CCK-like 

immunoreactivity is also present in the posterior lobê ^®’̂ ®̂ of the pituitary gland, but is 

minimal in anterior and intermediate lobes. Though the antisera used in this study cross

reacted with gastrin the dominant CCK-like material co-eluted with sulphated CCK-8 and 

separated fi’om gastrin on HPLC chromatography.^®^
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1.19 Biosynthesis and catabolism of CCK-8

The octapeptide is biosynthesised from its inactive 115-amino acid precursor, /?repro-

cholecystokinin (prcpro-CCK),^®  ̂ by a number of post-translational processing steps. 

Prepro-CCK contains the sequences of at least five CCK-like peptides ranging in length 

from 58 to 4 amino acids, all with the same carboxyterminal sequence.

Segments of human CCK mRNA transcribed from a single-copy gene are translated to 

produce the /7reprohormone (Figure 1.9). Cleavage of the N-terminal signal sequence 

produces the prohormone, from which proteolytic enzymes excise peptide fragments on 

double basic processing sites; Arg-Lys or Arg-Arg before they are packaged into secretory 

vesicles. These fragments then undergo further post-translational modifications in situ to 

give active peptides ready for release at nerve terminals.
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— } —
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Figure 1.9: Synthesis of CCK-8

CCK-8 is liberated from CCK-33 by a trypsin-like cleavage^ on the carboxyl side of 

Arg^ ,̂ (Figure 1.10) followed by sulfation of the CCK tyrosine, cleavage of the C-terminal
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Gly-Arg-Arg extension and amidation of the C-terminaJ p h e n y l a l a n i n e . C C K  is 

synthesised as an identical precursor protein in the brain and gut and differences found in 

the distribution of molecular forms of CCK in both tissues are due to tissue-specific post- 

translational processing events.

39

133

- -Tyr-Ile-Gln-Gln-Ala-Arg-Lys-Ala-Pro-Ser-Gly-Arg-Val-Ser-Met- 

Ile-Lys-Asn-Leu-Gln-Ser-Leu-Asp-Pro-Ser-His-Arg-Ile-Ser-Asp-r
Arg-Asp-Ty r-Met-Gly-T rp-Met-Asp-Phe- Gly-Arg-Arg-Ser 

SÔ3
Ala-Glu-Glu-T yr-G lu-Tyr-Thr-Ser

Figure 1.10: Amino acid sequence of CCK 39 The residues are numbered from the C-terminal 
carboxyamidated phenylalanine. Arrows indicate points of tryptic cleavages.

The arrival of an action potential at the nerve terminal causes a depolarisation of the 

terminal membrane, allowing voltage-gated calcium channels to open. The influx of 

calcium into the nerve terminal promotes fusion of CCK-containing synaptic vesicles with 

plasma membrane, resulting in exocytosis of vesicular contents. After release, CCK 

activates the postsynaptic receptors CCKa or CCKb, and causes a cellular response through 

second messengers.

Peptide
(from cell stroma)

Action
potential

Diffusion and 
inactivationPeptide

Nerve ending
Peptide

Ca
influxSynaptic cleft

CK

Effector cell

t
Second
messengers

IP3 DAG
Figure 1.11: CCK neurotransmission. CCK activates postsynaptic CCK* and CCKr receptors
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Considerable evidence now exists to suggest CCK functions, as a neurotransmitter or 

neuromodulator in the mammalian CNS. A correlate of this hypothesis is that a specific 

inactivation mechanism must operate in the vicinity of the nerve-endings from which CCK 

emanates to turn off rapidly the peptidergic signal. Indeed recent studies have shown 

that CCK-8 is subject to extremely rapid inactivation in various tissues, by cleavage of the 

Met^-Gly^ and Met®-Asp  ̂ bonds (Figure 1.14).̂ ®® This feature accounts for the short- 

lasting biological activity of CCK-8, contrasting with the potent activity of synthetic 

analogues such as (U 67827E)̂ ®® 16 (section 1.22) in which these bonds are protected.̂ ®® 

Initial investigations encountered difficulties in identifying the peptidase(s) that acted 

physiologically, as a number of candidates^ 97-202 - ^ metallopeptidases, aminopeptidases, 

carboxypeptidases, enkephalinase and thiol-endopeptidases were all shown to be involved 

in CCK-8 metabolism in vitro, with cleavages occurring at various peptide bonds.

However, as illustrated in the case of enkephalins, peptidases capable of hydrolysing 

exogenous neuropeptides may not reliably reflect those responsible for endogenous 

neuropeptide inactivation.^®® Accordingly in contrast to the in vitro studies, analysis of the 

inactivation of endogenous CCK-8 released from depolarised brain slices suggested one or 

more serine peptidases as the primary inactivating enzymes,̂ ®®*̂ ®® and CCK-5 as the 

characteristic metabolite. The main advantage of this system (utilisation of slices instead of 

membranes) was that it retained much of the integrity of the native tissue and allowed the 

biologically relevant peptidases to be identified. Serine peptidases were proposed on the 

strength of the observed pattern of fragmentation and the fact that recovery of CCK- 

immunoreactivity was significantly improved in the prescence of serine alkylating reagents 

(i.e diisopropyl fluorophosphate; DFP or phenylmethylsulfonyl fluoride; PMSF).^®  ̂

Similar protective effects were also observed with some serine peptidase inhibitors 

belonging to either the chloromethyl ketone (e.g. Ala-Ala-Pro-Val-CHzCl) or the boronic 

(e.g. Ala-Ala-Pro-boro-V) families.^®^

/CH3 H3C. /CH3
CH CH

? ?
CH2OH + F—P==0 ------ ^  ( e ^ ^ ) - ‘CH20—P = 0

? I
CH CH

H3C CH3 \ h 3
Diisopropyl fluorophosphate
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Further experimentation confirmed that a single enzyme was responsible for both 

cleavages of CCK-8, which at the time was thought most likely to be an endopeptidase. 

However, because of the evidence for the involvement of a metal ion in the catalysis, an 

exopeptidase such as tripeptidylaminopeptidase was not unequivocally ruled out/*®®

At approximately the same time as progress was being made on identification of the CCK- 

8 cleaving enzyme, an entirely different study by Tomkinson and Jonsson^°° was being 

performed to sequence the peptidase tripeptidyl peptidase II (TPP II). After successful 

purification and characterisation of the CCK-8 peptidase it was identified as a membrane- 

bound isoform of TPP whose physiological role had previously remained

unknown.

1.20 Membrane-associated tripeptidyl peptidase II

The discovery of TPP II in rat liver cytosol̂ ®® was first reported in 1983 and the enzyme 

has since then been extensively characterised.^°^ TPP II is an cjc/ra-lysosomal, serine 

exopeptidase with a subtilisin-like active site (Fig. 1.12).^°^’̂ ^ Furthermore, there is an 

immunological cross-reactivity between TPP II and the cell binding domain of the 

extracellular matrix protein fibronectin. TPP II has a Mr >10^ on sodium dodecyl sulphate- 

polyacrylamide gel electrophoresis (SDS-PAGE), and is built up of 138-kDa 

s u b u n i t s , ^ w h i c h  form a well-organised oligomeric structure that is highly 

conserved.

-Thr-Gln-Leu-Met-Asx-Gly-Thr-Ser*-Met- (TPP II)
-T yr-AIa-Thr-Leu-Asn-Gly-Thr-Ser*-Met-Ala-Ser- (substilisin)

-Val-Ser-Ser-Cys-Met-Gly-Asp-Ser*-Gly-Gly-Pro- (chymotrypsin)

Figure 1.12: The active site residues of TPP 11, the mammalian serine pro tease; chymotrypsin 
and the bacterial serine protease; subtilisin compared. (The amino acid sequence of 
chymotrypsin and subtilisin are very different, indicating that they arose independently in 
evolution).

The enzyme has a ubiquitous distribution and has been isolated from human 

erythrocytes,^°°’̂ °̂  rat brain^°  ̂and the fruit fly Drosophilia melanogaster^^ In addition, a 

similar activity has been identified in Soya bean.^°  ̂Proteinases differ enormously in how
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fastidious they are in their choice of substrate. Like the subtilisins TPP II is 

undiscriminating; its substrate specificity is broad, and at neutral pH the enzyme can 

release a number of tripeptides from a free N-terminus,^®^’̂ °°’̂ °® although hydrophobic 

amino acids in the P r  position are preferred.^®  ̂The order of preference is approximately 

Tyr, Phe > Leu, Met, Lys > His, Ala, Gin, Ser »  Glu, Gly. The S' site of the subtilisins 

(and therefore TPP II) exists as a large shallow cleft and the PI-SI site interactions 

therefore appears to play a major role in defining substrate specificity.̂ *̂ ®

Recognition pocket

Figure 1.13: Substrate specificity

In addition, to TPP II the only other mammalian tripeptide forming enzyme identified so 

far is TPP I of lysosomal origin.̂ ®® Although both enzymes have similar actions, they are 

structurally and genetically unrelated. In addition to a role in general protein turnover in 

the cytosol of most cells, a more specific role for TPP II can also be seen.̂ °® A membrane- 

bound variant of TPP II has been identified as responsible for inactivation of CCK-8 in 

two-steps. Enzymatic cleavage is on the carboxyl side of the methionine residues,

(Met residue at position Pj) forming biologically inactive fragments CCK-5 (Gly-Trp-Met- 

Asp-Phe-NH]) and GWM (Gly-Trp-Met).^®®

It seems likely that the cleavage of the Met® and Asp  ̂bond occurs after CCK-5 has been 

formed, since the N-terminal hexapeptide peptide, which would have resulted from 

cleavage of the Met-Asp bond alone has never been detected. Also the time-course of 

CCK-5 appearance and disappearance suggested it was susceptible to further hydrolysis. 

While the rate of GWM accumulation increased continuously until hydrolysis of CCK-8 

and CCK-5 (the secondary substrate) were complete.
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cleavage point

Asp-Tyr( SO3 H)- Met^^ly-T rp-Met-Asp-Phe-NH2
(CCK-8)

i 2"^ cleavage point

1
Asp-Tyr(S03H)-Met + Gly-T rp-Met-Asp-Phe-NH2

(CCK-5)

\
Gly-Trp-Met + Asp-Phe-NH2 

(GWM)

Figure 1.14: Sequential degradation of CCK-8 by TPP II

Based on this pharmacology, as well as its substrate specificity, and its correlated 

expression in CCK-responsive tissue. Rose et proposed that the neuropeptidase 

activity of TPP II is intimately associated with CCK signalling and not broadly active on 

diverse neuropeptides/^^ However a few other neuropeptides, which are still cleaved at a 

reasonable rate (e.g. neurokinin A, somatostatin, vasopressin, dynorphin A) may represent 

physiological substrates in some neuronal systems. The ectopeptidase localisation of TPP 

II seems consistent with its postulated inactivating activity of presynaptically released 

CCK. The enzyme does not contain any hydrophobic stretch compatible with a 

transmembrane domain and appears to be bound to the plasma membrane surface, by a 

covalent C-terminal glycosal phosphatidyl inositol (GPI) anchor.

peptide chain Y /Æw \  ÇH2-0 -R
« ,  ------- C-NH-CHrCH^-O-P^-glycan-O— (  O ' ÇH-OC-Rr-w-giyvoii-vv \  inositoM I I 11 

O ethanolamine ^  O-P-O-CH2 Ô
OOH O

Figure 1.15: Structure of the glycophosphatidylinositol anchor: linked by an amide bond to the 
C-terminal amino acid residue o f the catalytic subunit
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The amount of membrane-bound variant of the enzyme varies between different tissues 

and constitutes about 4% of the TPP II activity in the liver and 31% in b r a i n / I n  

agreement, TPP II activity was recently detected in synaptosomal membranes from human 

b rain ,^  whereas in the liver it was considered purely cytosolic/®® There is in short, strong 

correspondence of the localisation of CCK immunoreactivity, CCK receptors and the 

inactivating enzyme/® "̂^̂ ® However, areas with mismatches, such as the cerebellum, a 

region devoid of cholecystokinin, displaying high tripeptidyl peptidase Il-like 

immunoreactivity suggests that CCK inactivation is not the sole function of TPP II. Also 

cholecystokinin terminals, e.g., the molecular layer of the cerebral cortex, devoid of 

tripeptidyl peptidase Il-like immunoreactivity suggests that processes other than cleavage 

by tripeptidyl peptidase II may also be involved in cholecystokinin inactivation.^^ ̂

1.20.1 Other cleavages o f cholecvstokinin-8

Hydrolysis of exogenous CCK-8 also led to the formation of CCK-6 and CCK-4, two 

fragments also tentatively identified as immunoreactive hydrolysis products of endogenous 

CCK. In both cases their formation was increased in the presence of DFP, suggesting the 

participation of alternative pathways in CCK-8 inactivation, particularly when the serine 

peptidase pathway is blocked. Little can be said at the present stage about the responsible 

peptidases, apart from the fact that they seem insensitive to DFP, Thiorphan and bestatin 

(serine, enkephalinase and aminopeptidase inhibitors, respectively).

1.21 CCK and feeding

The human appetite is the integrated response to the sight, smell, thought, or taste of food 

that initiates or delays eating. The regulation of food intake is complicated in humans by 

physiological and psychological elements (social factors, habits and time of day).^^  ̂

Cholecystokinin has been proposed to function physiologically as a satiety signal to 

terminate feeding in experimental animals and in lean and obese humans. This hypothesis 

was based on the findings that systemic injections of CCK-8 reduced food intake and 

produced the same circulating levels of CCK, seen after a meal.^^  ̂ Some studies also

suggested CCK produced classical postprandial behaviour in rats (i.e. feeding followed by 

grooming and exploration, with activity ending in sleep).^^^ Since then converging 

evidence from both agonist and antagonist studies have supported this hypothesis in many
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species including man. Selective antagonists, have shown CCK-A, and not CCK-B, 

receptors to mediate the anorectic effects both centrally and peripherally.

1.21.1 Peripheral action

The mechanism mediating the anorectic actions of CCK has been extensively investigated 

in rats. Evidence indicates that CCK released from duodenal endocrine cells following 

intestinal loading,^^® acts at CCK-A receptors in the stomach, to cause constriction of the 

pylorus and slow gastric emptying.^^® The delay in gastric emptying increases tonic gastric 

distension, which in turn increases afferent activity.^^^ The satiety effect of intraperitoneal 

injection of CCK-8 is abolished by abdominal vagotomy,^^® suggesting that inhibitory 

afferent messages^^® are generated in the gastroduodenal/hepatic circuit and relayed to the 

brain by the vagus nerve.^^® These vagal messages are transmitted to the hindbrain 

nucleus; the nucleus of the tractus solitaiius (NTS)^° from where they are projected to the 

medial zones of the hypothalamus including the paraventricular nucleus (PVN) and 

ventromedial hypothalamus (VMH).^^

1.21.2 Central action

Considerable controversy has been generated by the attractive hypothesis that neuronal 

CCK in the brain is similarly involved in the regulation of feeding. For example, when 

exogenous CCK is injected into the lateral ventricle, ventromedial hypothalamus, or 

paraventricular nucleus of the hypothalamus, in some studies food intake is decreased 

compared to vehical injection^ while in others there is no effect^® Studies are also 

mixed with regard to the content of CCK in the brains of lean and obese animals. Strauss 

and Yalow^^ found that obese animals had lower brain CCK content compared to lean 

animals, while Schneider et alP ^  noted no difference. Conflicting reports are also found in 

various animal species. One reason for these differences maybe in the ability/inability of 

CCK to cross the blood-brain barrier (BBB) after central administration. For example in 

the dog, where central effects are potent, CCK does not cross the BBB.^®

The mechanism by which CCK produces its central effect is still uncertain, though it is 

possible that its satiety effect is an epiphenomenon secondary to other central effects it 

produces. Suggested mechanisms include an induction of hyperglycemia and an
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enhancement or suppression of the feeding neuromodulators noradrenaline,^^ dopamine^®

and the opiates.229

Opic:ds
' t+
j Nùrepirephn M*

gÀ a

CRF

Figure 1.16: The central and peripheral feeding systems

1.22 Attempts to devise CCK-8 analogues as agonists

Despite the benefits of sulphated CCK-8 as a satiety agent, its high molecular weight, acid 

liability of the Tyr(S03H) residue, metabolic instability, and lack of receptor selectivity, 

limits its therapeutic utility in the management of obesity.^^° The need for numerous 

chemical modifications resulted in the design of a number of CCK analogues or 

peptoids.^^  ̂ The possibility of artificially stimulating CCKa receptors with a synthetic 

hormone is obviously attractive and limits the CCKb agonist mediated pharmacological 

side effects such as increased gastric acid secretion or enhanced anxiety. Initially, most 

CCK agonists were peptide derivatives; for example norleucine substituted CCK, 

compound 16 (U 67827E)̂ ®® and (A71378)^^^ 17 proved to be potent CCK-A agonists.
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Studies on CCK-8 analogues indicated that N-methylation of Asp is responsible for the 

dramatic increase in CCK-A selectivity as a result of substantial decrease in CCK-B 

affinity. Comparison with CCK-8 showed the satiating effects of the hexapeptide 17 to be 

longer-lived.^^^

?
H gC^^^A sp—Tyr(SO]H) —Nle —Gly— Trp— Nle—Phe—NH2

16

C— Nle —Gly—Trp—Nle—(N-Me)Asp—Phe—NH2

17

Boc-Trp-H N . X O -A sp -(N -M e)P he—NH2

Me
18

Replacement of the methionine residue of Boc-CCK-4 (Boc-Trp-Met-Asp-Phe-NHi) with 

side-chain-substituted Lys derivatives resulted in (A71623) 1 8 .^  This tetrapeptide with 

enhanced metabolic stability was comparable to CCK-8 in potency and in affinity at the 

CCK-A receptor.^

'^ C — M et-Gly—T rp-M et-A sp—(N-M e)Phe-NH2

o  ,9

'C— Nle-Gly—Trp- Nle-(N-Me)Asp—Phe-NH2 

20
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Several additional hexapeptide^^® CCKa agonists have been reported. Compound FPL 

14294 19 is a chemically stabilised peptide analogue of CCK-8 that is nasally bioavalable, 

has a longer duration of action, and a higher in vivo anorectic potency. Further research led 

to the discovery of ARL 15849 20.^^ A binding-selective CCK-A agonist (6600-fold 

selective for CCK-A versus CCK-B) compound 20 inhibited food intake with nanomolar 

potency following intraperitonal administration in fasted rats. Despite remarkable success 

in the design of novel metabolically stable, CCK-A receptor-selective ligands, oral activity 

has been difficult to obtain. In general peptides make bad drugs, so effort has gone into 

discovering non-peptide CCK agonists.

R =  CH3CH2 21a
CH 3CH 2CH 2 21b 
(CH^IzCH 2lc

MeO

22

Glaxo-Wellcome were the first to report a series 1,5-benzodiazepines^^^ 21a, 21b, 21c 

with CCK agonist receptor activity. These compounds were discovered by screening a 

library of selected compounds for in vitro functional efficacy in inducing contraction of 

isolated guinea pig gall bladder. Subsequently it was found these benzodiazepines 

stimulated the CCK receptor subtypes non-selectively and had no oral activity in rodent- 

feeding models. The N-isopropylanilide moiety of 21c is possibly the key to its agonist
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properties, as incorporation of this structural feature into known CCK antagonists 

converted them into agonists.^^® Continued investigations of the 1,5-benzodiazepine series 

replaced the C-3 phenylamide of 21c with an indazolylmethyl group leading to GW5823 

22.̂ ®̂ Compound 22 is the first CCK-A agonist to demonstrate oral activity in a rat- 

feeding model.^^° It has modest selectivity for the CCK-A receptor subtype relative to 

CCK-B (50-fold). Unfortunately, 22 displayed a relatively low oral bioavailability in rats 

due to rapid metabolic clearance.

An alternative approach to this problem would be to artificially enhance the effects of 

CCK-8. This can be achieved by blocking the mechanism that normally breaks down the 

endogenous neuropeptide. With the identification of TPP II, the rational design of selective 

peptidase inhibitors would protect CCK-8 against inactivation and give a method for 

potentiating satiety.

(CCK-8) (CCK-5)

1.23 Developing a TPP II inhibitor

How does one obtain such an inhibitor, and where should one start? Currently the most we 

know of TPP II is the amino acid sequence not the three-dimensional structure, of the 

active site. Since the enzyme is integrated into membranes, the crystallography is difficult 

and the structure of an isolated enzyme-ligand complex might not be same as that of the 

same complex in its natural environment.

Prologue

Serine proteases catalyse the hydrolysis of peptides by utilising the potentially reactive 

serine residue X-CH2OH within the enzyme active site. Assisted by two other specific 

groups at the catalytic site, namely histidine and aspartic acid, a charge relay system is 

generated which functions as a proton shuttle to remove from OH. The resulting -  

CH2O' anion is highly reactive and affords substrate degradation.^^^
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Asp

N -H \ /CH 2—

His

Asp

reactive
Ser

NH "O—CH2—]

His

Figure 1.17: Charge relay system found in chymotrypsin, elastase and other serine proteases

Many serine peptidase inhibitors have a serine-reactive group (e.g. a boronate or 

chloromethyl ketone) incorporated in their design which covalently combines with and 

subsequently inactivates, the enzyme at its catalytic centre. However, despite ease of this 

as a starting point for drug design, these inhibitors were deliberately avoided since reactive 

groups are not sufficiently discriminatory, have lower bioavailability, and generate 

unwanted side effects.

Instead, the chemical strategy adopted in the design of a reversible inhibitor was based on 

using the chemistry of the substrate as a starting point. The enzyme recognises CCK-8, 

but this only binds briefly, (and in any case a much smaller molecule is required as a 

potential drug). It therefore seemed worthwhile to retain in potential inhibitor structures 

some chemical features of CCK-8 to aid receptor recognition, and to include chemical 

groups that might assist binding. Although the catalytic centres of serine proteases have a 

large degree of homology they differ markedly in substrate specificity due to non-covalent 

secondary interactions at binding subsites accessory to the reactive centre. Characterisation 

of the binding specificities to these assumed subsites were studied using small peptides as 

probes, as was effected in the design of the enkephalinase inhibitor, thiorphan.^^^ 

Commercially available and UCL di- and tri-peptides were screened in vitro for their 

inhibitory potencies on TPP II activity, determined fluorimetrically from the hydrolysis of 

the artificial substrate Ala-Ala-Phe-amidomethylcoumarin (AAF-4-methyl-coumarin-7- 

ylamide; AAF-Amc) 23.̂ °®
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CH

Ala-Ala-Phi
H

23

After the initial screen, the tripeptides Ile-Pro-Ile-OH (Âi = 1,000 nM) and Ala-Pro-Ala- 

OH {Ki = 3,000 nM) emerged as leads.^^^ In general, tests showed the tripeptide 

derivatives to have a much higher affinity than the dipeptides, suggesting three active 

subsites S \  S ,̂ and into which a peptide sequence P \  P^, and P^ fitted. This 

nomenclature system was proposed by Schechter and Bergei^^ to keep track of the 

substrate amino acid residues involved in binding, and the corresponding sites in the 

enzyme active site where these residues make contact We shall use this nomenclature 

from now on, when discussing the proteolytic enzyme.

Peptide substrate

s 'I  [s^

Enzyme

,3'

Figure 1.18: The protease subsite nomenclature: residues on the peptide substrate are labeled P -̂ 
P” on the N-tenninal side of the scissile bond, and on the C-terminal side of this bond; the 
scissle bond is thus betwwen residues P̂  and P ’̂.

Higher binding was produced by; a non-substituted ammonium group at P ,̂ and an amide 

function at the terminal carboxyl P \  and led to a generalised dipeptide amide inhibitor 

structure P^
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Tripeptidyl peptidase if

s*

R*
I I

H3N—CH—CO—N th—CH— CO— NH 
V----------  f V.

ll

These results were consistent with TPP II which is an amino tripeptidyl peptidase, 

recognising a primary amino group and two peptide bonds, and cleaving the third amide 

bond.

Enzyme 

OH

R'

H2NCHCO—NHCHCO—NHCHCO—NH
V__________  J V _  V  _  j->r-

P^
—y~

p 2

The importance of a proline ring at P^ was stressed since it provided; (1) stability against 

enzymatic proteolysis, (2) assisted oral absorption by decreasing the number of hydrogen- 

bond interactions (without having any deleterious effect on inhibitor affinity) and (3) 

reduced conformational flexibility of the inhibitor into an active 3D-structure.^®® 

Alternatives to proline using other cyclic amino acids were much less active, indicating a 

high stereochemical dependence and close fit of the optimized compounds to the active 

site.^^  ̂The optimal P^ residue was the unnatural amino acid 5-aminobutyric acid (Abu) 

and the optimal residue at P̂  was found to be where R̂  is a butyl chain. Alkyl chains 

that were either branched or longer than butyl were seen to reduce affinity.
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Tripeptidyl peptidase II

24

From these observations the composite compound Abu-Pro-NHBu (UCL 1371) 24 had an 

appreciable affinity (Ki = 80 nM).̂ ®̂

Comparison between the substrate hydrolysis product Asp-Tyr(S03H)-Met0 H 25 and 

Abu-Pro-NHBu revealed striking similarities. In the inhibitor, the Et of Abu, and Bu of 

are accommodated in the regions of the enzyme that might bind the side chains Asp and

Met.245

Substrate structure; 
Asp-Tyr(OS03H>Met-OH

OSO3H

+ H J " :
H3NCHCON— CHCONHCHCO2

i n .ÇH2

CO2

25

ÇH2

^'^CH3

Inhibitor UCL 1371: 
Abu-Pro-NHBu 
(Ki = SOnM)

H3NCHCON— CHCONHCH2

ÇH2
CH3

24

ÇH2
CH2

Figure 1.19: Comparison of the substrate product Asp.Tyr.MeOH from CCK8 with the inhibitor 
UCL 1371
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In search for potential hydrophobic interactions, fusion of benzene onto the C2/C3 

positions of the proline residue, resulted in a 10-fold increase in inhibitory potency, and 

afforded the indoline analogue, butabindide 26 UCL 1397 (Ki = 7nM).̂ ^® The improved 

affinity was presumably due to the prescence of an accessory aromatic binding pocket that 

fitted the tyrosine binding region of CCK. In addition the indoline moiety is structurally 

similar to L-tryptophan, a key amino acid required for agonist activity in the peptide 

sequence of CCK.^^

Butabindide 
Abu-indoline-NHBu 
(Ki = 7 nM)

H3NCHCON—CHCONHCH2
ÇH2 CHj
CH3 CH2

CH3
26

Epilogue

A potent and specific competitive inhibitor of CCK-8, butabindide has been shown to 

protect endogenous CCK from inactivation at TPP II receptors in vitro.^^^ Active in vivo, 

when dosed intraperitoneally in a mouse conditioned feeding model, butabindide is an 

important pharmalogical tool as a satiety agent and may provide an alternative to current 

therapies for the treatment of obesity. However, its one drawback was that it was not 

sufficiently active to be given orally.

t
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GutWal 
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Metabolite Metabolite
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The oral route, preferably ‘once a day’ is the most favoured clinical option for 

administering drugs in terms of patient compliance?^^ It is also the route where most 

pharmokinetic/metabolic barriers exit and once in the GI tract or in circulation, peptidic 

drugs like Butabindide are particularly prone to enzymatic/chemical attack.^^^As a result, 

they generally lack oral bioavailability and possess unacceptably short biological half- 

lives, Other common drawbacks are problems with absorption and distribution and lack of 

selectivity. Unless a biologically active compound reaches its site of action in the body in 

sufficient quantity and for a suitable duration, it will not be clinically useful.^^^ Much 

effort has therefore gone into refining the pharmacological profile of butabindide, to 

achieve sufficient oral potency in the pharmacological test models. Optimising this aspect 

of performance is a vital part of drug design, and frequently provides a major stumbling 

block between a lead and developing drug.

Since an X-ray structure of the TPP H enzyme is not available, a hypothetical model of its 

active site and the binding of butabindide can be postulated (Figure 1.20) Butabindide was 

designed on the assumption that binding to this active site occurs in a manner analogous to 

the binding of the tripeptide hydrolysis product Asp-Try-Met-OH (24 )}^  Therefore, in 

Butabindide, most of the putative interactions of (24) are retained: an electrophilic centre, 

establishing an ionic bond with the amino function, sites capable of establishing hydrogen 

bonds with the amide groups, and hydrophobic pockets accommodating the aromatic ring 

and alkyl chains. However, there still is the uncertainty of which conformations are 

adopted by the flexible molecule. We carmot assume that the most stable conformation is 

adopted, since the energy gained from bonding interactions between proteins and drugs 

may be sufficient to force the drug into a less favoured conformation. This complicates the 

mapping of receptor sites, since it means that all reasonable conformations of the drug 

have to be considered.
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Figure 1.20: Visualisation of the postulated relationship between TPP II and butabindide based on 
structure-activity relationship studies.
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Figure 1.21: Visualisation of the postulated relationship between TPP II and CCK-8 .
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2. SELECTION OF COMPOUNDS

2.1 ‘Molecular mimics’ as approaches for rational inhibitor design

Modem attempts to identify inhibitors of specific enzymes have largely focused on 

elucidating the stereochemical and physicochemical features of inhibitory molecules that 

promote binding to the enzyme.^^® Measures of inhibitory potency, such as Ki or IC50, 

reflect the change in tree energy that accompanies transfer of the inhibitor from the 

solvated aqueous state to the bound state in the enzyme binding pocket (i.e., AG of 

binding).^^® The physicochemical forces; hydrophobic interactions, electrostatic 

interactions, van der Waals forces and hydrogen bonding determine the strength of the 

binding between the inhibitor and an enzyme and the shape or topology of the inhibitor 

will determine its ability to fit well into the binding pocket. Thus confronted with a 

reasonably potent inhibitor (butabindide) of the TPP U enzyme, we begin to make 

analogues of this molecule with varied structural and physicochemical properties to 

determine what effect these changes had on inhibitor potency. Attempts to correlate these 

structural changes with inhibitor potency are referred to as structure-activity relationship 

(SAR) studies.

Today SAR studies can be divided into two major strategic categories: SAR in the absence 

of structural information on the target enzyme and SAR that utilises structural information 

about the enzyme that is obtained from x-ray crystallographic or multidimensional NMR 

studies.^®^

2.2 SAR in the absence of enzyme structural information

When no structural information exists for the target enzyme the design of new compounds 

involves a process of intuitive medicinal chemistry guided by biological evaluation.

The difficulties inherent with working with a large (138 Kda) membrane-bound and 

heavily glycosylated protein, have made structure elucidation of TPP II a Herculean task. 

The structural information available about this protein (amino acid sequence) is not useful 

for inhibitor design but the most relevant factor that remains is some knowledge of the 

enzyme’s binding specificity for the inhibitor butabindide. In fact the great majority of the 

drugs that are presently on the market have been derived from indirect biological
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information, i.e. from the lead compounds which exerted the required pharmacodynamic 

properties.

Therefore all the possible structural analogues of butabindide are drawn on paper in the 

hope of producing either an increase in inhibitor potency or chemical/metabolic stability. A 

bewildering number of structural variations are envisaged! We therefore decide to give 

priority to the design of analogues that are close to the lead structure (‘me-too’ 

compounds) and that result from only minor modifications since early studies have already 

determined the critical pharmacophore (i.e., the minimal structural component required for 

inhibition) to be the dipeptide amide. The analogical approach we aim to adopt proceeds 

through isosteric replacements, functional exchanges or by attaching additional moieties 

onto the molecule. Synthesis of new compounds can be a costly and lengthy process, 

therefore any measure able to render it more efficacious is welcome. Thus when the 

decision is taken to prepare a given set of compounds, we first prepare those whose 

synthesis is the easiest or those for which intermediates are commercially available. 

Furthermore when dealing with chiral centres, we first prepare the racemic compound and 

carry out the separation of the two diastereomers only if an interesting activity is found. A 

racemic mixture usually has the average potency of both constituents: thus, the maximal 

benefit one can achieve in resolving racemic mixtures is an increase of the activity to twice 

of that of the racemate. Moreover, when our structure-activity relationship studies (SARs) 

allowed identification of molecular features associated with high activity, these data were 

fed back into the design of more effective representatives.

biological
data

IC50
LD50

( Model )

NoiseInformation

Understanding-Prediction

physicochemical
data

steric: L, B5, MR 
electronic: a, pK^ 
lipophilic: n, log P 
H-bonding: HA, HD, HT,

Figure 2.1 Structure-activity correlations (SAR) using physicochemical and biological data may 
provide die basis for understanding and prediction of biological activity. ICso (binding affinity).
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LDso (lethal dose), L (substituent length), Bg (substituent width), a  (Hammett constant), pK, 
(ionisation constants), n (Hansch constant), log P (partition constant), HA (number of H-bond 
acceptors), HD (number of H-bond donors), HT (total H-bonding capacity).^

2.3 Experimental design

Since butabindide is only weakly active in vivo, optimisation must primarily maximise the 

potency, duration of effect and effectivity on oral administration in the pharmacological 

test models. With this conviction, attempts to develop drugs with optimal size, shape, 

hydrophilic-lipophilic ratio and disposition of functional groups are made not simply by 

random replacement of structural components on the template molecule, but rather by 

rational and efficient changes of its substituents. Even though the SAR approach is 

systematic it is still empirical in nature. The rate of success depends on the rate at which 

structure-activity information is gained. This is determined by the quality of the test series 

but, of course, also by the time it takes to prepare these compounds.

2.4 The search for better derivatives

The rational inhibitor design is based on developing more tightly binding agents by 

retaining partial structure of the butabindide molecule for receptor recognition and 

incorporating auxiliary groups to provide additional interactions with putative sites on the 

enzyme, (jroups that have the possibility of interacting strongly with the active site are 

given consideration: examples of such groups are strongly basic, positively charged, and 

strongly acidic negatively charged functions, also good hydrogen bond acceptors and 

donors (NH and OH), as well as highlypolarisable moieties (aromatic 7t-electron systems). 

Optimisation of butabindide requires the structural basis of its shortcomings to be known, 

since discovery of such features exclude them from further compounds. In addition, there 

may be positions on the molecule at which substitutions may be made without loss of 

activity. We need to identify these regions of bulk tolerance because it is there that many 

groups will be tested to arrive at a better and more stable drug. Normally such knowledge 

is not available and consequently needs to be generated empirically.

The SAR approach starts with a structure-activity hypothesis that specifies the following 

factors as capable of significant inteimolecular interactions with the TPP II active site and 

therefore possible determinants of inhibitor activity:



Selection o f compounds 59

• a butyl side chain at

• the amide function at

• a proline residue at P^

• a benzene ring

• the amino acid (Abu) at P^

• the requirement of a non-substituted ammonium group at P^, as shown by the dramatic 

loss of potency when alkylated or acylated.

The test series is ideally designed so that some of its members verity and others challenge 

the hypothesis. By subjecting the test series to a structure-activity analysis, we obtain a 

SAR which serves to modify the original structure-activity hypothesis. The modified 

hypothesis then forms the basis for the next test series.

Starting from butabindide, three regions are available for an optimisation process; the 

amide side chain P \  the indoline ring and the aminobutyric acid P^ (Figure 2.2). Since 

in the past, 2 - and 3- substituted indoline analogues have been studied extensively further 

modifications at P  ̂focuses principally on the aromatic moiety.

NH

Figure 22 Lead optimisation of butabindide.

We intend to optimise one site at a time holding the other sites constant. This would mean 

finding the ‘best’ P̂  substituent then holding P̂  constant finding the ‘best’ P .̂ Finally, 

holding P̂  and P  ̂constant find the ‘best’ P .̂ If changes in one part of the molecule have 

little or no effect elsewhere in the molecule the relationship between the substituents is 

assumed to be additive.
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2.5 Optimisation of amide side chain at

For the series of compounds in which the side chain of the amide function at P* is modified 

attempts are made to clarify the existing data in order to gain further insight into the nature 

of the interactions of these compounds at the enzyme binding site. Modifications to the 

side chain are based on synthetic feasibility and chemical diversity by considering four 

general descriptors; size, lipophilicity, electronic factors and the proton donor/acceptor 

nature of the chain The hydrogen bond interaction to amide NH makes it seem unlikely 

that either, -0 - , -S-, or -CH 2- would be important as NH replacements. OH is limited 

because of loss of alkyl.

Early exploratory studies at have shown that a three or four carbon alkyl chain is 

optimal. For this purpose when initial studies probed for potential hydrogen bond 

interactions, the heteroatoms oxygen and sulphur were incorporated into similar sized alkyl 

chains UCL 1930, UCL 1945.^^ In a similar vein, investigations into a possible 

involvement of OH and NH in a hydrogen bond to the receptor were also made (UCL 

1925, UCL 2065). Compounds were also chosen in which the hydroxyl group is placed in 

a different position to allow us to map a large volume of potential H-bonding space quickly 

(UCL 1941).^^®

UCL 1930 R^=

UCL 1945 R^= 

UCL 2065 R^= 

UCL 1925 R^=

CONHR

NHCH

UCL 1941 R^=

Special attention is drawn to compound UCL 1974 where the butyl chain is replaced by 

CH2CF3 since this structural change proved favourable and produced a compound more 

potent than the corresponding parent agent.^^
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CONH 'CCNH CH CF:

UCL 1397
Kj =  7 n M

UCL 1974
Ki= 1.2nM

The compound has two important binding groups linked together by a chain. It is possible 

that the chain length is not ideal for the best interaction. Therefore, shortening or 

lengthening the chain is a useful tactic to try.

Trifluoromethyl is replaced by other electron-attracting functions such as the cyano group. 

The isosteric replacement of CF3 by CN will not lead to a strictly identical active principle 

(because the molecule with the cyano function will clearly be more hydrophilic). In 

practice, that is not even sought, and we prefer that the new compound produces a change 

compared with the parent molecule. Bioisosterism will be productive if it increases the 

potency, the selectivity and the bioavailability, or decreases the toxicity and undesirable 

effects of the compound.

The methyl group was replaced by an isopropyl group, which brings an increased electron- 

donor inductive effect that may prove advantageous.

It is reasoned that the inhibitor will adopt a particular conformation in order to bind 

efficiently to the receptor. This conformation will be one of many conformations, which 

are available to a flexible molecule such as butabindide, and so there will only be a limited 

chance of it being adopted at any one time.̂ ®̂

The substrates are believed to bind to the enzyme in an extended configuration at 

however flexible hydrophobic chains like isopropyl UCL 2119 have an aversion for water 

and like to cluster. Hydrophobic clustering of side chains may help stabilise the bioactive 

conformation. In other words due to a ^hydrophobic collapse^ the inhibitor conformation 

close to the enzyme-bound conformation of the inhibitor may exist in aqueous media prior 

to binding.^^^ In order to investigate this hypothesis further we will impose structural 

constraints at that prevent a hydrophobic collapse by locking the drug molecule into a 

more rigid conformation.
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CONHR

UCL 2119 R^=

UCL 2124 R*= 

UCL 2074 R*= 

UCL 2073 R^= 

UCL 2050 R^=

Consequently, the unsaturated group ethynyl UCL 2050 is introduced to cut down the 

number of available conformations and increase the chance of the molecule having the 

correct conformation when it approached the receptor. This same strategy should also 

eliminate other receptor interactions and side-effects. Additionally ethynyl is built into the 

chain for its electronic effects (electron-attracting), and as an equivalent of an aromatic 

ring (donor/acceptor interactions). Incorporating the skeleton of a flexible drug into a ring 

is the usual way of ‘locking’ a conformation. There is the risk, however, that the active 

conformation itself would be disallowed by this tactic. Therefore, rather than incorporate 

the whole side-chain into a ring structure, the cyclopropyl analogue UCL 2074 is designed 

so that only a portion of the chain is included. The cyclopropyl group may also constitute 

an interesting subtituent for the planar double bond analogue UCL 2073 which might be 

implicated in a possible van der Waals interaction with flat hydrophobic regions of the 

binding site.

Bond
rotation A -

flexible chain

Hydrophobic
interactions

Receptor 1

O  Binding site I

Hydrophobic
interactions

Receptor 2

Q Binding site II

Figure 23 Two conformations of a drug molecule which are capable of binding with different 
receptors
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2.6 Optimisation of aromatic ring

A favourite approach for aromatic compounds is to vary the substitution pattern. This may 

give increased activity if the relevant binding group(s) are not already in the ideal positions 

for bonding. If the substitution pattern is ideal, then we try varying the substituents 

themselves.

From previous studies we know the inclusion of a substituent in the 6  or 7 UCL 1546, UCL 

1858, UCL 1548 position of the indoline ring resulted in a drop in activity (Table 2.1).

5

r 2. . .

6

4

V* V -CO N H  ^  

NH3

Compound Kj (nM) *

UCL 1397 H 7 (S)

UCL 1808 4-MeO 14 ± 2.0 (R/S)

UCL 1704 5-MeO 6 + 1.0 (S)

UCL 1546 6 -MeO 77 (R/S)

UCL 1858 7-MeO 8 8  + 9 (S)

UCL 1857 7-MeO » 1 0 0 (R/S)

Compounds made by Dr. Lihua Z hao .^

Table 2.1

By now, it can be seen that positive results from our initial study have altered the 

structure of the compound significantly from butabindide. In general when a breakthrough 

like this has been achieved and a novel structure (UCL 1947) has been obtained, it is 

advisable to check whether past results still hold true. We therefore re-examined the 

optimal positions for substitution with chlorine and synthesised a new congeneric series 

where = CH2CF3. So far chlorine in indoline ring position 5 (UCL 2000) has been tested 

which effected a 3-fold increase in potency over the unsubstituted analogue.^^ The 6 -
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chloro analogue is also synthesised even though activity is not anticipated, so as to confirm 

our findings. A most important aspect of research is to conduct the work in such a way as 

to learn from negative results. Even a list of inactive compounds is informative if they have 

been selected for particular reasons.

At positions 4 and 5 of the indoline ring the nature of the substituent required is next 

analysed. In order to ascertain a structure-activity relationship it is imperative we maximise 

the diversity of physicochemical properties introduced. It is also of prime importance to 

proceed to the optimal choice of substituents so as to explore with the smallest set possible 

the physicochemical parameter space. The Craig plot; a two-dimensional plot of selected 

descriptors to describe the substituents, electronic property (Hammett a) and lipophilicity 

(Hansch ti) is used to minimise the number of synthetic t a r g e t s . F r o m  this plot 

substituents were selected from each quadrant such that they varied widely in their 

properties, e.g. lipophilic and hydrophilic, electron donor and electron acceptor. Despite its 

widespread use, the Craig plot has its limitations; it considers only two parameters to 

describe the substituents and ignores important factors such as the steric effect and the 

hydrogen-bonding character of the substituents.

SO2NH2 e CN
• CONH2* CH3SO2 ^

•  CH3CO ■

CO O H * 0 25

.1 I I I
CH3CCJNH

-2.0 -1.6 -1.2 -0.8 -0.4

OH

-0.25

-0.50

-CT, -71
#

NH2 -0.75
_N(CH3)2 —<J, -t-7C

- 1.0 
C6H5 .

—

-kt, - % 1.0 — +CT, 4-7C
Sigma #

0.75
_ . N O , SF5

COOCH3

•  CF3

OCF3
#

I# Cl Br 
C=CH

I  | H C = q H )  | _ M

OCH

0.4 •  0.8 1.2 1.6
SCH3 .

t-ButylCH3 Et

Figure 2.4 Two-dimensional Craig plot of sigma (a) substituent constants verses pi (tc) values for 
aromatic substituents. The substituents selected for this study are coloured red.
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It is of interest to consider the relationship of the inhibitor structure to the substrate. 

Cholecystokinin-8 contains a sulphated tyrosine, which is necessary for expression of its 

biological activity, we therefore postulate the positive effect a sulphate group on the 

inhibitor might have for TPP II inhibition.

However, in view of the ionic character and instability of tyrosine sulphate it is also of 

interest to have access to analogues incorporating less polar and more stable mimics of this 

group for structure-activity studies. Frequently, the development of a drug has been based 

on watching the literature to see what works on related compounds, then trying out similar 

alterations to ones own work. Accordingly we will follow a recent report by Tilley^^ 

which considers the possibility that tyrosine sulphates might be productively substituted by 

carboxymethyl or tetrazole derivatives as part of an effort to address the stability problems. 

Therefore from this work we can assume that the likely requirement for a negative charge 

at the TPP II active site provided in the natural substrate by a sulphate group can be 

satisfied by organic acids and tetrazole.

We will occupy both positions 4 and 5 on the ring simultaneously with either chloro or 

methoxy to investigate whether an enhancement in potency is seen due to an additive 

effect. UCL 2207 and UCL 2215 are both polar and hydrophilic. This implies that they are 

likely to be highly solvated (i.e. surrounded by a ‘water coat’). Before hydrogen bonding 

can take place to the receptor, this ‘water coat’ has to t)e removed. A smaller number of 

structured water molecules is needed to create a cluster around a compact molecule such as 

UCL 2215 than around an extended one like UCL 2207. In which case since UCL 2207 is 

more highly solvated; binding is predicted to be less secure. Steric hindrance also explains 

how methyl ether could disrupt any potential hydrogen bonding. The extra bulk of the 

methyl group will hinder the close approach which is thought attainable with the 

methylenedioxy analogue.

H

Q  ''H  f )

D

UCL 2215

6 1 )  6 6  

UCL 2207
Figure 2.5 Fewer structured water molecules are needed to envelope a compact molecule (2215) than an 

extended one (2207)
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2.7 Modification of the aminobutyric side chain

It is reasoned that the enzymatic active site will be sensitive to the nature of the side chain 

at since preliminary studies have shown the presence of the carbonyl and a free amino 

group to be critical. All the evidence from this earlier study suggested that Abu interacted 

with a hydrophilic site which contains polar groups capable of hydrogen bonding, and the 

ethyl side chain fitted into a hydrophobic pocket. It was further proposed that the anionic 

side group of either a glutamic acid or an aspartic acid residue might be present in the 

pocket which could interact with the charged nitrogen atom in a strong ionic interaction. In 

the series however, data only exists for a limited number of substituents so it is 

impossible to deduce the exact nature of the interactions. Different alkyl groups at P  ̂may 

alter the lipophilicity of the drug and thus affect how easily the compound crosses 

membrane barriers, is distributed and excreted. Most of the work in this area therefore 

focuses on building a homologous series of monalkylated derivatives in search for optimal 

lipophilicity. Furthermore larger alkyl groups will increase the bulk of the compound and 

may therefore confer selectivity on the drug and so cut-down side-effects.

- 5 - R

&
—S—Nv.

. . < H CH;
ionic Fit
interaction

Receptor 1

Fit

Fit

-N.
H CH;

&
Receptor 2

CH; Steric 
block

Figure 2.6 Use of a larger alkyl group to confer selectivity on a drug

UCL 2000 the most potent compound from our introductory studies combines examples of 

the most favourable molecular structures at each of P̂  and P  ̂and is an important candidate 

for further modifications at the Abu residue.
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CONH

UCL 1397
Ki = 7nM

UCL 2000
Ki = 0.4 nM

Branched and aiyl side chains are selected in order to determine the accessible volume for 

binding and to further probe the potential for hydrophobic interactions.

To investigate the possibility of a hydrophilic region it is of interest to introduce amino 

acids with polar side chain functionalities. Clearly the free OH could act as both a H-bond 

acceptor or donor in this region. By inserting a heteroatom into the carbon chain we aim to 

explore any region of polarity where ion-dipole and dipole-dipole interactions may be 

important in addition to any H-bond associations.

The drugs which bind most strongly to the receptor are often very polar, ionised 

compounds, but have no chance of crossing the fatty cell membranes. On the other hand, 

the drugs which can easily negotiate the fatty cell membranes get mopped up by fat tissue 

or are too weak to bind to the receptor sites. We have here an apparent contradiction! 

Consequently, the best drugs are usually a compromise and are neither too lipophilic nor 

too hydrophilic.
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3. SYNTHESIS

3.1 Synthesis of indoline analogues with various

'CONHR

The synthetic route we used to for the synthesis of these, allowed for a number of 

structural variations to delineate structure-activity relationships (Scheme 3.1)

CO2H

NHBoc
35

MeOH, p-TsOH 

reflux under N?

l .NaOH, MeOH, 0"C 

2 .

R^NH2 HCf BOPCl 
EtgN, CH2CI2, 25°C

COzMe

NHBoc 
Die, CH2CI2, 25T

NHBoc
33

'CONHR

NHBoc

CF3CO2H
CH2Cl2,0‘'C

CONHR

Scheme 3.1
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The synthetic approach to compounds of this series was to prepare a single common 

intermediate that would be functionalised by different amines at the last stage of the 

synthesis.^^ Construction of the requisite intermediate l-(N-t-Butoxycarbonyl-2(S)- 

aminobutyryl)-indoline-2(S)-carboxylic acid 35 was effected in three steps from 

commercially available indoline-2(S)-carboxylic acid 31 The first step involved the 

estérification of the starting acid under standard conditions to the corresponding 

carboxylate 32. Masking the carboxy function allowed for unambiguous formation of the 

peptide bond and the controlled synthesis of 33 The condensation of the indoline ester 

with an N-protected amino acid was mediated by diisopropylcarbodiimide (DIC),̂ ®® and 

was essentially a ‘one-pof procedure. Finally conversion of the dipeptide ester to the 

corresponding acid 35 was achieved by hydrolysis in aqueous hydroxide.

Formation of the dipeptide 35 starting from the readily available S-amino acids can be 

represented formally as in Figure 3.1

CO2H +

H NH2

35
Figure 3.1

However, if the chemistry of this conversion is achieved in the naïve manner shown it 

would be ambiguous and uncontrolled, since there is no means of distinguishing between 

the two amino groups or the two carboxy groups. Therefore the product 35 would be 

accompanied by the dipeptides 37-39 (Figure 3.2), and also the polycondensation products 

from all four possible dipeptides.

37

H2N’̂ '"t:O N  '""CO2H ) — C 0 N ^ " t:0 2 H

H
38 39

Figure 3.2
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To ensure specific coupling between the required carboxyl and amino groups we 

selectively introduced protecting groups (Figure 3.3). Our choice of protecting group 

combinations and coupling procedures depended very much on the synthetic strategy 

adopted and worked well together without conflict. A temporary protecting group was 

attached to the carboxyl of the indoline residue, and permanent amino protection was used 

for the subsequently added aminobutyric acid. The concept of temporary and permanent 

protecting groups requires at least two orthogonal types; either of which can be removed 

without affecting the o t h e r . T h e  nature of the r-Butoxycarbonyl (Boc) or 

Benzyloxycarbonyl (Cbz) and the methyl ester protecting groups used were substantially 

complementary and selective removal of methyl esters by saponification from the Boc or 

Cbz-protected derivatives presented no difficulties.^^^

C02-P‘

NH-
N

Positions that need protection P* ^^3
to ensure correct coupling Boc; C02C(CH3>3

NH-P^

>2C(CH3 
Cbz; CO2CH2C6H5

Figure 3.3

3.1.1 Carboxylic Acid Protection

The carboxylic acid 31 was easy to protect, by merely forming the corresponding methyl 

ester.Indoline-2(S)-carboxylic acid 31 reacted easily with hot methanol containing a 

catalytic quantity of tosic acid in over 80% yield. Use of the reactant alcohol as the solvent, 

ensured that it was present in large excess, and drove the equilibrium towards the ester 

product.

The estérification step reduced reactivity of the carboxy function and prevented it from 

participating in the coupling reaction. Esters are more easily hydrolysed than amides 

(e.g. mild alkaline conditions), so deprotection was not a problem at an intermediate phase 

in the synthesis.^^® The simple methyl ester was easily introduced, was chemically stable 

under the conditions of peptide synthesis, and provided good carboxy-protection without 

jeopardising the chiral integrity of the nearby chiral centre.Furtherm ore, methyl ester
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was chosen for masking the carboxy function on the basis of its availability and cost The 

acid-catalysed estérification reaction {Fischer estérification) occurs via the following 

mechanism:

H

H

C-OH + HOCH3

H

Step 1. The first step of the mechanism is protonation of the carbonyl carbon and the 

catalysing acid is the conjugate acid of the solvent.

H V
HÔCH3

H (SXM j 

H

HÔCH:

o q - F o-
H OCH3

tetrAedral
addition
intermediate

Step 2. The carbonyl carbon of the protonated carbonyl group is then electrophilic 

enough to react with the weakly basic methanol molecule and forms a 

tetrahedral addition intermediate with loss of a proton.

^  AcH, AcH, ^

OH H
A H

n ,6HOCH.

H

Step 3. The tetrahedral addition intermediate, after protonation, loses water to give the 

conjugate acid of the ester.

HOCK

€ —OCH
O H
C—OCH3  + HOCH3

N
H

+
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Step 4. Finally loss of a proton gives the ester product and regenerates the acid 

catalyst.

3.1.2 Amino protection

The best way to render the nitrogen of aminobutyric acid non-nucleophilic was to protect it 

as an amide; the carbonyl group effectively withdraws electron density from the nitrogen 

and renders it unreactive.^^ The use of C-alkoxyamides (urethanes or carbamates), which 

can be cleaved under milder conditions than normal amides (e.g. acidic hydrolysis or 

catalytic hydrogenolysis), allowed for easy removal of the protecting group without 

simultaneously cleaving any peptide bonds. /-Boc and Cbz are standard protecting groups 

for amine functions^^ and were used extensively in the synthesis of our peptides.

/-Butyl chloroformate 40, like all alkyl chloroformâtes which can disintegrate giving a 

favourable carbonium ion, decomposes very easily (Figure 3.4), and is unsuitable for 

preparing Boc derivatives.^^

O

M e j c T o ^ C - Q l  ---------------   Me)C+ + CO2 +  C l '
40

Figure 3.4

The corresponding azide, was for many years the standard reagent, but it has been 

discredited by explosions, and the anhydride 41 is now preferred^® (Scheme 3.2). 

Although rather expensive, di-tert-butyl dicarbonate was safe to use, gave good yields, and 

was a convenient solid, which could be stored in a refrigerator for long periods without 

deterioration.̂ ®®

O O

MejCO C T ^O C M ej ÂH; Na^COg, 0°C NHBoc

41 42 43

Scheme 3.2
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Amine protection was effected, by addition of di-tert-butyl dicarbonate 41 to a solution of 

the amino acid 42 in (1:1) dioxaneiwater and one molar equivalent of sodium carbonate at 

Ooc 261 [g one of the more common methods for introduction of the Boc group and 

had the advantage of by-products that were innocuous and easily removed.

3.1.3 Activation and coupling with DIG

The process of peptide bond formation under mild reaction conditions required activation 

of the carboxylic acid 35 by conversion to a more electrophilic species 46, which then 

underwent coupling in situ with the amino function of the indoline component (Scheme 

3.4). This was necessary because ordinary carboxylic acids are rather unreactive and 

simply form salts with amines at ambient temperature.^  ̂ The salts can be pyrolysed to 

give amides, but the method is not convenient and is seldom of preparative value for the 

peptide chemist. Perhaps the most obvious way to activate a carboxyl group is to convert it 

to an acyl chloride. But acyl chlorides are actually more reactive than necessary 

(overactivated) and prone to side reactions, of which the most serious is racémisation.^^ 

The use of acyl azides 45 (prepared as required from the hydrazine 44) for peptide bond 

formation was introduced by Curtius at the turn of the century (Scheme 33).^^  ̂ However, 

because of the danger of the Curtius rearrangement of R'CON  ̂ to R^NCO and other side 

reactions attending the formation of peptide hydrazides and azides, the azide method has 

not been used routinely for building up peptide chains.^^

R^COzP

N2H4

' NaNOz R^NHz
RTONHNH2 -------------------   R‘C0N3    R^CONHR^

aq.AcOH, HCl ^
44 45

Scheme 3.3

Carbodiimide reagents however, continue to be the most versatile dehydrating agents for 

the synthesis of peptides ever since Sheehan and H ess^  first reported their use in 1955. 

We utilised diisopropylcarbodiimide (DIG) in forming the first peptide link and obtained 

moderate to good yields within a relatively short time. Coupling with DIG was in principle
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very simple, involving mere mixing of the amino and carboxy components with DIC in 

equimolecnlar amounts in an organic solvent, at ambient temperature or a little below/^^' 

The important part of DIC is the diimide moiety, -N=C=N-, which contains a central 

carbon atom that is very electron deficient.^®  ̂The reaction mechanism was first discussed 

by Khorana and co-workers^®®’̂ ^and was recently reinvestigated by DeTar and his co- 

workers.^^® The first step involves addition of the carboxylic group to the reagent to form 

the initial adduct 46. 0-acylisourea 46, is a potent acylating agent and was never isolated 

but reacted further leading to the peptide derivative 48 by immediate aminolysis, with 

concomitant formation of diisopropylurea (DIU) 49.̂ ®̂ '̂ ®̂  The remarkable selectivity of 

DIC to the nucleophilic character of the carboxylic acid allowed for coupling in a 

convenient ‘one-step’ procedure.^®^

'Pr—N=C==N—Pr

;  ( /  
H - 0 _ (

o

35

NHBoc

H /  s p e n t  .  H  I I  /
Pr—N—C =N —Pr -------- ^ Pr— N—C—N—Pr

O

46

H
^Pr— N—C =N —Pr

48

47
N-acylurea

R-CO—N

Scheme 3.4

+

O
; H I I  H ;
^Pr—N—C—N— Pr 

49
(DIU)

3.1.3.1 Side chain protection

Hydroxy groups, especially phenolic hydroxyl groups can be the source of undesired 

reactions, particularly in the presence of base which generates a phenolate anion 

nucleophilic enough to compete with the amino group for the acylating agent. 

Therefore protection of the precursor 146 as a benzyl ether derivative during peptide 

synthesis was needed (Scheme 3.15).
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According to Tarter and Gesquiere^®  ̂the DIC methodology also simplifies the isolation of 

the desired product, since the neutral urea 49, a carbodiimide-derived reaction by-product, 

is only sparingly soluble in most solvents, and is easily separated from the soluble peptide 

derivative by simple filtration. However, in almost all cases we tried there was a problem 

with the elimination of the persistent impurity 49, which often required several column 

purifications. As a consequence yields were modest, and typically around 45%. A literature 

survey revealed that a coupling reagent reported in 1994 by Gibson, Park and Rapoport^^^ 

largely addressed the time and solvent consuming purifications and it appeared like 

potentially useful in the creation of future analogues of butabindide. Bis([4-(2,2-dimethyl- 

l,3-diox-olyl)]methyl) carboiimide (BDDC) 50 which has the same coupling efficiency as 

DIC, forms water-soluble reaction residues (isourea 51 and urea 52) that are efficiently 

removed from the organic product with a dilute acid wash (Figure 3.5).^^  ̂ However 

difficulty in purchasing the reagent commercially, meant that we were unable to apply 

BDDC to our coupling reactions.

« a 50

Q

O

H

52

Figure 3.5

If the amino component is slow to react, the collapse of the O-acyloxyurea by 

intramolecular acyl transfer may occur and the much less reactive N-acylurea 47 may be 

formed.^^’̂ ^ The N-acyloxyurea by-product not only reduces the yield, it may give rise to 

purification problems since its structure and solubility is rather similar to those of the 

desired peptide. Furthermore, the enhanced carbonyl reactivity of the adjacent carboxyl 

group when activated for a coupling procedure renders the adjacent position prone to 

racémisation by direct énolisation of the a-hydrogen because the carbanion intermediate
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54 can reprotonate on either side^^’̂ ^(Figure 3.6). Thus the chiral a-carbon (which is L 

for DNA encoded amino acids), is converted into a D/L mixture:

H

> T :

I NHBoc
R

'^ O —CO i  NHBoc 
R
53

Base

54
R

^NHBoc

H
55

Figure 3.6

However, in practice it seems that direct ionisation of the a-hydrogen is not usually a 

major source of racemization during peptide synthesis. A second mechanism; azlactone 

(oxazolone) 56 formation by intramolecular cyclisation of the N-acylated activated acid 

with proton abstraction at the chiral centre^^^’̂ ^is potentially more serious (Figure 3.7).

H
N_ f ^ R

\ )
56 O

N.. _ ^ R

o

R
N . f ..H

O

CONH X O N H '^

Figure 3.7

•~^CONH CONFT^^
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The oxazolones so formed are themselves activated towards aminolysis, and reaction with 

amino components leads ultimately to peptides, but since their racémisation via stabilised 

anions is usually fast compared to the rate of peptide bond formation, any peptide thus 

produced is largely racemised.^®^’̂ ^

Sowinski and Toogood have demonstrated that the judicious choice of N-protecting group 

is critical to the preservation of enantiomeric purity. When the amino-nitrogen of the 

activated residue is acylated with a simple acyl group (e.g. acetyl, benzoyl), cyclization to 

the oxazolone occurs easily with most good leaving groups X, and gross or even complete 

racemization may occur. However, oxazolone formation is not so facile when the acyl 

substituent is an alkoxycarbonyl protecting group (e.g. 0-alkyl, O-aryl). Furthermore, 

racemization of chiral centres adjacent to /-butoxycarbonylamino or 

benzyloxycarbonylamino function is inhibited. This stabilizing influence is known to be a 

property of urethane protecting groups in general, and was an additional factor favouring 

their adoption in synthesis. Fortunately in all cases tried, the DIC methodology proved 

highly successful in terms of racémisation levels and side-reactions. The use of a nonpolar 

solvent, low reaction temperatures, and the carbamate protective groups favoured access to 

enantiomerically pure products.^®® When a racemic mixture was used there was of course, 

no enantioselectivity.

In the presence of excess carboxylate, i.e. when 1 equivalent of carbodiimide is added to 2 

equivalents of acylamino acid, the self-condensation of the acid forms a symmetrical 

anhydride 57, which is readily isolated^^® (Scheme 3.5). Far from being a nuisance, the 

anhydride is used for amine acylation, simply by mixing it with the appropriate amine.^®  ̂

There is no ambiguity concerning which carbonyl is attacked by the incoming amino group 

and the reaction tends to be very clean.^^ However the price for this advantage is that only 

half of the carboxylic acid component used (an expensive protected amino acid) is 

incorporated into the product and yields can reach only a maximum of 50%.̂ ®̂
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N
2 RCO2H 

35

DIC
RCO—O—?

CXh
R '^ O

COzMe

(RC0)20 + 0 =
57

R=
NHBoc

NH

?

49

'CO^Me

!)
57

Scheme 3.5

3.1.4 Base-catalysed hydrolysis

To access the second amide link attempts to use ester aminolysis were met with little 

success. When the amine is not reactive enough, or is a salt, simple methyl esters undergo 

aminolysis at too slow a rate to be generally useful. If a different ester is used, in which the 

stability of the OR leaving group is improved, a smooth coupling reaction can take 

place.^^ This could be achieved via either mesomeric 58 or inductive 59 effects (Figure 

3.8), and there are excellent examples of both:

F

^ N O -

/7-N itrophenylester 
(pNP esters)

58

Pentafluorophenyl ester 
(PFP esters)

59

Figure 3.8

Both reactions tend to give very pure peptide products, although the actual formation of the 

active esters is sometimes difficult. We therefore chose to hydrolyse the ester with aqueous 

base to regenerate the parent carboxylic acid by acyl-oxygen fission.̂ ®® Basic hydrolysis is
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generally the preferred procedure, however, saponification even when it is carried out 

under carefully controlled optimised conditions, may cause racemization. We effected 

deprotection of all methyl esters using two equivalents of aqueous sodium hydroxide as a 

IM solution and ten times the volume of methanol as solvent.^^ Reacting under these 

conditions, beginning at 0°C and allowing the reaction mixture to reach ambient 

temperature over several hours, there was no danger of racemization or épimérisation in 

compounds where the diastereoisomers had been separated.

The mechanistic aspects of ester hydrolysis have received considerable attention and 

involves a tetrahedral intermediate and is essentially an addition-élimination reaction:

C—OCH

OH

NHBoc

Q-

C—OCH

OH

NHBoc NHBoc

Step 1. The nucleophilic hydroxide anion attacks the ester to give a carbon tetrahedral 

intermediate from which a methoxide ion is expelled.

O—CHa

O-rH

NHBoc

'0 ‘ Na^ + HH-OCH

NHBoc

Sodium carboxylate

Step 2. The methoxide ion thus formed reacts with the acid to give the carboxylate 

salt and the alcohol.

The sodium salt of the acid is very unreactive toward nucleophilic substitution and the 

base-promoted hydrolysis was essentially an irreversible reaction. The acid was liberated 

from its sodium salt by extracting into ethyl acetate with a IM potassium hydrogen 

sulphate solution.^^
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3.1.5 Synthesis of dipeptide amide intermediates

There are many coupling agents available and previous methods for coupling hindered N- 

alkylamino acids have, in general, suffered from low or erratic yields and high levels of 

racémisation at the a-carbon of the carbonyl component. However, preliminary work by 

Tung and Rich has indicated N,N’-bis(2-oxo-3-oxazolidinyl)phosphinic chloride (BOPCl) 

69 to be a notable exception^^® and this was advantageously applied to the preparation of 

the N-protected dipeptide amides 60-68.

C O 2H  R*NH2 HCl, BOPCl
EtjN, CH2CI2 25T

CONHR
N

NHP

35 P = Boc
36 P = Cbz

O
NHP

60 R* =CH2CHMc2 P = Boc
61 r 1 = CHMC2 P = Boc
62 r ‘ = CH2— P = Boc

63 r ' =CH2CH=CH2 P = Boc

64 R‘ =CH2C=CH P = Boc

65 R̂  = CH2C=N P = Boc

66 R̂  = NHMe P = Boc
67 R^=CH2CH2CH2CH3 p=Cbz

68 R» =CH2CF3 P =Cbz

The dipeptide amides were formed by coupling l-(N-t-Butoxycarbonyl-2(S)- 

aminobutyryl)-indoline-2(S)-carboxylic acid 35 (or 1 -N-benzy loxycarbony l-2( S )- 

aminobutyryl 36) with an excess of the appropriate amine, R^NHz.HCl, (available 

commercially as their hydrochloride salts) and with an equal excess of BOPCl in a suitable 

inert solvent, together with three equivalents of a tertiary base such as triethylamine.^^ We 

observed BOPCl to provide a simple and efficient method for coupling at easily obtained 

temperatures (0-5°C) without stéréomutation. Freedom from side reactions was also 

observed which is of exceptional importance insofar as the synthetic products are often 

intractable and difficult to purify. The activation mechanism is assumed to consist of
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nucleophilic substitution at the phosphorus atom by the carboxylate anion to give the 

reactive intermediate 70 with subsequent attack at the carbonyl group by the amine.̂ ®̂  The 

tertiary amine ensures that the carboxy component is in its ionic form, generates the amine 

in its free base form from the hydrochloride by neutralisation and acts as a scavenger for 

the hydrogen halides generated during the reaction. The lower reactivity of BOPCl for 

amine nucleophiles compared to carboxylate anions permitted us to plan a ‘one-pot’ 

coupling strategy. Furthermore, the by-products in this coupling reaction were mostly 

water soluble, oxygen-containing phosphorus compounds 72, that were easily separated 

from the desired reaction product.

N— P— N O

C—O HNEt

NHBoc

X X
O N — p— N p  +|H Cl.Et3N l

O

O ^ R '
70

RL

NHBoc

O

O

a

R2 R' o
BOPCl and the proposed 
electrophilic assistance

NHBoc
71

,R'
+

X V XO N—P—T4 O.EtgN 

OH
72

Scheme 3.6

There were no safety reservations when using the BOPCl reagent, unlike other 

phosphorous-based reagents e.g. BOP Castro’s benzotriazolyloxy-tris-(dimethylamino)
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phosphonium hexafluorophosphate 73; which generates the toxic coproduct

hexamethylphophoramide^^^ (HMPA) 74 a listed mutagen:275

(Me2N)3P— OBt,PF6
(73)
BOP

R^COz (NMc2)3P-^Bt

73

1 + R X O ^O —P(NMe2)3

)
BtO

----------------► (Me2N)3P=0 74

R 'c O ^ B t —r—  r 'cONHR^c
R % 2

Scheme 3.7

Cleary the /-butylcarbonyl (Boc) group was crucial to the amidation step, otherwise the 

free base 75 would have competed with the amine as a nucleophile for the activated 

carboxyl group of the acid and would have cyclised to a diketopiperazine^^’̂ ^ ’̂ ^®76 rather 

easily (Figure 3.9).

O

RC NR

X H R
CO2H

75

o

R C if^ N R  diketopiperazine 
CHR (DKP)

THN,

76

Figure 3.9

3.1.6 Deprotection with trifluoroacetic acid (TFA)

Boc removal was conveniently carried out under mild and reliable conditions by 

dissolution in trifluoroacetic acid (TFA) followed by evaporation, and consequently a 

trifluroacetate is formed^®®’̂ ^
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60-66
CF3CO2H, CH2CI2 

Ô C, 5h O

CONHCHjR'

NH2.CF3COOH

77 R‘=CH2CHMe2

78 r '=  CHMc2

79 R '=  CH2----

80 R' = CH2CH=CH2

81 R*=CH2C=CH

82 R‘= CH2C=N

83 R' = N H Me

Unimolecular fission, which owes its facility to the stability of the carbonium ion 84 

produced, is involved and the /-butyl moiety ends up as isobutene unless it is trapped by a 

nucleophile.^^® Scavengers like thiophenol are usually added during acidolysis, and are 

essential if sensitive residues (e.g. methionine and tryptophan) are present,^^  ̂but they are 

superfluous in simple cases like ours.

Mineral or strong organic acids attack Boc groups rapidly, and were avoided in wash 

procedures.

O

MeaC—O—C—NHR MegC-^^OyC—NHR

MegC—OCOCF3

V

MegC
84

"  '^ C - r - f ^ R '

-  Me2C=CH2 CO-

R'NHt

Scheme 3.8
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3.1.7 Deprotection with catalytic hydrogenolysis

67-68
Pd/C, H2

MeOH, (COOPO2

CONHCH2R*

NH2.(C00H)2

85 = CH2 CH2 CH2 CH3

86 R'= CH2CF3

Catalytic hydrogenolysis over 10% palladium on charcoal in methanol at ambient 

temperature and pressure reductively removes the benzyl group from the Cbz derivative:^^^ 

the unstable carbamic amide 87 that remains decarboxylates to afford the amine,̂ ^® which 

following addition of oxalic acid is converted to the oxalate salt.

O
I I

PhCH2— O— C— NHR

PhCH

R = c —NHR

" - 0 . ,

87

RNH-

CO2

Scheme 3.9

Both deprotection procedures were very mild and left the newly formed peptide bonds 

unaffected. Obtaining the amine group as the free base is essential to biological activity of 

the compounds. However careful consideration was needed when handling the 

deprotection of our compounds, since they possessed an inherent instability:
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NH

R

88
89

Figure 3.10

The 0-amino acid 88 in its free base form can cyclise to a six membered lactam, 89 fairly 

easily since the ring formed is a favourable s ize .^  This type of cyclisation will occur in 

solution, on a silica column during purification,^^® therefore, where possible, purification 

of the final product was avoided We aimed to ensure high purity of the compound before 

deprotection, used a great excess of trifluoroacetic acid or oxalic acid to push the desired 

reaction to completion operated under a low reaction temperature to discourage cyclisation 

and followed deprotection by conversion to a suitable salt. The workup of the reaction 

mixture was also simplified to rotary evaporation of TFA/oxalic acid and solvent at room 

temperature. With the exception of UCL 2050-F and UCL 2073-F, the amine salts were 

isolated as solids with repeated rotary evaporation using dry ether or petroleum 

spirit/acetone.

For analogues UCL 2058-F, UCL 2059-F, UCL 2276-F, UCL 2152-F, UCL 2165-F, UCL 

2166, UCL 2152-F, UCL 2274-F purification of the final product was necessary, as total 

removal of byproducts was not achieved beforehand or because the trifluoroacetic acid- 

mediated removal of the /-butyl protecting group led to the formation of unwanted side 

products. A flash chromatography purification, performed as quickly as possible, 

employing a short column, was successful in obtaining pure final compound, with no 

cyclisation However, despite this success, the need to purify the free base is still best 

avoided.
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3.2 Synthesis of ring substituted indoline analogues

[I I / " ^ C O N H C H z C F g  

6
7 1 1

NH3TFA

3.2.1 Synthesis of indole skeleton

The ring substituted analogues at positions 4, 5 or 6 were made from the appropriately 

substituted indole esters. Some were commercially available e.g. 107-108 and some we 

made ourselves 102-106 by reported methods. As might be expected for a large branch of 

heterocyclic chemistry, many syntheses of indoles have been developed Essentially all 

approaches utilise substituted benzenes and differ in the type and sequence of reactions 

used to link N-1, C-2, and C-3. The Fischer synthesis is by far the most widely used route 

to substituted indoles,̂ ®̂  but a retrosynthetic scheme involving an azide intermediate^®  ̂90 

appeared to be particularly suitable for the synthesis of indole-2-carboxylates substituted at 

positions 4 and 6.^^

Target molecule Svnthon Reagents

COzEt '= = > COzEt «==> 
Ng 6

90

CHO C ^ . O E t

+

N

C ^ , O E t

+ NaNi

B r ^

Scheme 3.10
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The general synthetic route used to prepare the indole-2-carboxylates is depicted in scheme 

3.11

BrCH2C02Et
91

NaN.

CH3CN 
refux 12h

CHO

94 R^= 0 -CH3

95 R^= p-Cl
96 R^= o,m-diOMe

97  R^= o,m- (y^ O

N3CH2C02Et 
92

NaOEt

EtOH-15^C

H
C=C-C02Et

98
99 r 2 =

100 R̂  =

101 R̂  = o
\ /

98-101

xylene 
reflux, 4-12h
- No

R2.LL. C02Et

102  R^= 4 -CH3

103 R^= 6 -Cl
104 R^= 4,5-diOMe

10s R^= 4 ,5 - 0 ^ 0

106 R^= 4 -OCH3

107 R^= 5-CI
108 R̂  = BnO

Scheme 3.11

3.2.2 Synthesis of ethyl azidoacetate

The synthesis of ethyl azidoacetate 92 has been described in the literature by Adams and 

Presŝ ®̂  as a simple nucleophilic displacement on the alpha-halo ester (ethylbromoacetate) 

91 by sodium azide in acetonitrile:
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Nj"

CO2R
91

-Br
Ô-

CO2R

t

Nc
H

CO2R
92

+ Br

3.2.3 Synthesis of ethyl a-azidocinnamates

The azidociimamates 98-101 were readily achieved by a nucleophilic addition-élimination 

reaction of the newly formed ester 92 with an appropriately substituted benzaldehyde 94- 

97 in sodium ethoxide (aldol condensation)?^"^^^ In this procedure, sodium ethoxide 

solution was prepared in situ. However for our convenience, a commercial preparation of 

sodium ethoxide solution (containing 25% sodium) was often employed. Yields were not 

optimised, but in general it was found that better yields were obtained when an excess of 

ethyl azidoacetate (4 equiv.) was used, and the condensation was carried out between -10 

and-15°C.

H -C l

N3

< jT T ^-O E t ^ H = C -O E t
N

+ H2O

92

Step 1. The ethoxide ion abstracts a proton from the a-carbon of ethylazidoacetate to 

give a resonance-stabilised enolate ion.

94-97

R
W - C I ^ C —OEt

Nj

Step 2. The enolate ion attacks the carbonyl carbon of the aldehyde to give an 

alkoxide ion.
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R

Y " ?

Nj R

?» ?
.c h - c i m :—OEt

Step 3. The alkoxide ion is protonated to form an aldol.

R

OEt

R
j C H ^ —C—OEt C *= C —C—OEt

98-101

Step 4. Dehydration is catalysed by base, and occurs in two distinct steps through a 

carbanion intermediate. The p-hydroxy ester dehydrates in base because 

firstly their a-hydrogens are relatively acidic and secondly the product is 

conjugated and therefore particularly stable.

3.2.4 Formation of methylenedioxy carbaldehyde

A high yielding methylenation reported by Zelle et al.^^ was employed to form 

methylenedioxy carbaldehyde 97 from its corresponding dihydroxy analog in 89 % yield. 

In this method cesium carbonate and bromochloromethane were added to the catechol in 

DMFatllO°C.

Br

B

Cl

:0H
CHO

a CHO

97

CHO

CHO
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Although there have been several procedures published in recent years describing 

improved methods for formation of methylenedioxy groups, they afford varying degrees of 

success when employed on the méthylation of catechols deactivated by neighbouring 

electron withdrawing groups.

3.2.6 Vinylnitrene cyclisation

Thermolysis of the vinyl azides 98-101 was effected in boiling toluene or xylene 

(dimethylbenzene), with the reflux condenser open to the atmospherê ®̂ *̂ ®® to give, after 

chromatography, the 2-indole carboxylates 102-105.

Electrocyclic ring closure is rationalised by extrusion of nitrogen from the azide to give the 

corresponding azirine 110, in equilibrium with the vinyl nitrene 109. The very reactive 

nitrene then adds to the aromatic ring by formal insertion at the C-H bond.̂ ®®

R
CH=C-C>

p

P
0 C2H;

OoEt

-N.

H © 
Unstable intermediateAzirine

110

•IT-shift
COzEt
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As expected starting from the ortho substituted a-azidocinnamic esters 98 and 100 no 

insertion of nitrene N at the methyl and methoxy groups to yield a 6  and 7 membered ring 

respectively could be observed (since one ortho-position is free).^^ This method of indole 

ring construction, first discovered by Hemetsberger was exceptionally clean and easily 

carried out. Yields were moderate, though they were variable, when the cyclisation step 

proved difficult. For example the electron withdrawing and deactivating influence of the 

halogen substituent is reflected in the relatively low yield (2 0  %) obtained with the chloro 

substituted analogue. While the use of azides may appear to pose some threat of instability, 

we used this reaction sequence a number of times with no mishap.

The indole ring had to be constructed during the synthesis, with the substituent already 

present, since there are no direct methods available to introduce these substituents 

selectively into the 4,5 or 6 -positions.

With our starting materials in hand we were ready to induce reduction along with ester 

exchange^®  ̂to give the corresponding methyl indoline-2-carboxylates 111-117 (Scheme 

3.12). This then led to the synthesis of a further range of analogues using chemistry as 

previously described in Scheme 3.1

102-108
Mg/MeOH

0'"C, 6-7h.

COzMe
NHBoc

R2. II

DIC, CH2CI2 

25"C, 12h.

C02Me

O
NHBoc

111 4 -CH3

112 R^= 6 -Cl
113 R^= 4,5-diOMe

114 r2 =  4,5-

115 R^= 4 -OCH3

116 r2 =  5-Cl
117 R^= 5-BnO

118 R^= 4 -CH3

119 R^= 6 -Cl
120 r2 =  4,5-diOMe

121 r2 =  4,5-P ^ P

122 R^= 4 -OCH3

123 R^= 5-BnO
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118-123

1. NaOH, MeOH, 
0̂ 'C, 7h

2 .

CO,H CF3CH2NH2.HCI R 
BOPCl, EtgN,
CH2CI2 25""C, 12h

2..n

NHBoc

CONHCH7CF.
N

O
NHBoc

124 4 -CH3

125 R^= 6 -Cl
126 R^= 4,5-diOMe

127 r2= 4,5-0"^0

128 R^= 4 -OCH3

129 R^= 5-BnO

130 R^= 4 -CH3

131 R^= 6 -Cl
132 R^= 4,5-diOMe

133 R^= 4 ,5 -0 '^ 0

134 R^= 4 -OCH3

135 R^= 5-BnO

130-135
CF3CO2H, CH2CI2 

(fC, 5h

136 R^= 4 -CH3

137 R^= 6-Cl
138 R^= 6-Cl
139 R^= 4,5-diOMe

140 R^= 4,5-

141 R^= 4-OCH3

Scheme 3.12

3.2.6 Reduction by magnesium in methanol

Magnesium in methanol is a well known reducing agent for various functional groups. 

However, in practice this system has found primary synthetic application only for the

reduction of C~C double bonds in a,p-unsaturated nitriles,̂ ®® conjugated esters.289,290 and

for indole derivatives.^®  ̂ It is the application of magnesium in methanol to indole 

carboxylates,^®® which was of synthetic interest to our work and no other method appeared
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comparable in its simplicity and yields. Reduction of the olefinic double bond of a,P- 

unsaturated esters executed with catalytic hydrogenation or with hydride reagents often 

lack selectivity towards isolated double bonds, especially in the case of heteroatom 

substituted systems.

The ethyl indole-2-carboxylates 102-108 were reduced along with ester exchange^®  ̂ by 

magnesium methoxide produced during the reaction to give the corresponding methyl 

indoline-2-carboxylates 111-117. The pot temperature was controlled at 10°C in an ice 

bath since the reactions were slightly exothermic with evolving hydrogen gas.

Most published examples, as well as our work in the creation of initial target analogues, 

employed conditions of three or four equivalents of magnesium in excess methanol.^® ’̂̂®° 

However, this has consistently caused difficulty in ensuring complete consumption of the 

starting ester (Scheme 3.12). Reactions that have failed to go to completion have often 

resulted in a mixture of desired material and side product. This results in a time consuming 

separation where isolation of the desired material requires numerous column purifications. 

In an attempt to force the reaction to completion, reduction was performed using ten 

equivalents of magnesium (added in portions) instead of the usual three or four. The result 

was the total conversion of all starting material, along with a significant reduction in the 

proportion of side material obtained and has led to an improved yield for the initial stage of 

analogue production, preventing a need for repetition.

OÆt

Start material

10 eq Mg
MeOH

R OzMe
N
H

Desired product

3-4 eq Mg 
MeOH

Figure 3.11

COoMe
"N 
H

Side product

The mechanism involved remains inconclusive but investigations by Youn and Pak̂ ®̂  have 

led us to assume that only the substituents at the 2-position which are capable of forming a
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five membered chelate with the magnesium ion 142 and the pyrrole-like nitrogen can 

induce reduction and transestérification simultaneously;

OiEt
+ e OEt

142

+ 2H
R 02Me

N
H

All of these target compounds are created as a mixture of diastereoisomers having the 

configurations S,S and R,S. Biological activity between successfully separated 

diastereoisomers varies enormously, with typical Ki values ranging from nanomolar values 

for one diastereoisomer, to micromolar for the other.^^ Natural products usually contain S 

stereocentres, so it is likely that the most active diastereoisomer has S stereochemistry at 

the indoline 2-position.

Previous work^^ has shown with almost certainty this assumption to be true with the 

synthesis of Compound 144 from the commercially available S-2-carboxy indole 143 

(Figure 3.12). When tested this compound demonstrated a biological activity similar in 

order to the most potent diastereoisomer. Assuming the reaction proceeded with retention 

of configuration (i.e the S chirality of the reactant was maintained), the most active 

diastereoisomer was then designated S. It therefore follows, separated diastereoisomers are 

assigned as S or R on the basis of their compared biological activity.

Cl

H
143

:ooH

Figure 3.12
144

Ultimately it is desirable to obtain two pure diastereoisomers in crystal form. Examination 

of their crystal structure will then give stereochemical assignment with absolute certainty.
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Obtaining a stereochemicaJIy pure sample of the more active S diastereoisomer is preferred 

if it can be achieved by preparative liquid chromatography. For the purpose of biological 

testing however it is not essential providing that the active S isomer is present in the 

compound and the diastereoisomeric ratio is known by HPLC. It is generally observed, 

from successful diastereoisomer separations, that the mixture is richer in the S isomer. This 

is presumably due to loss of R isomer during purification or alternatively due to a kinetic 

resolution when coupling the chiral amino acid with the two enantiomers of indoline 

carboxylate i.e. if rate of reaction of S-enantiomer > R-enantiomer. Even if the R 

diastereoisomer does not do any harm, it seems a waste of time, money and effort to 

synthesise drugs which are only 50 per cent efficient. That is why one of the biggest areas 

of chemical research in recent years has been in the field of asymmetric synthesis i.e. the 

synthesis of a single enantiomer of a chiral compound.

A recent publication by Wagaw et al.̂ ®̂  gives a synthetic route to the preparation of (S)-N- 

acetylindoline-2-carboxylate methyl ester in 99% enantiomeric excess (Scheme 3.13). 

Intramolecular carbon-nitrogen bond formation is catalyzed by Pd(0)/P(o-tolyl)3, which 

successfully cyclizes enantiomerically enriched amine and amide substrates with aryl 

bromides without loss of enantiomeric purity. The utility of this method for the synthesis 

of our indoline derivatives could prove very useful to clarify the assignment of the most 

active isomer as well as produce analogues which contain only the most active 

diasterioisomer.

CO2CH3

NH(Ac)

NEti
lOOT, 2.5 h NH(Ac)

74%

CO,CH, KCO%Rh] +OTf
(S,S)-Et-DuPHOS 
30 psig H2  

MeOH, rt, 2 h

NH(Ac)
Br

90% yield, 99% ee

CO2CH3 Pd2(DBA>3 
P(o-to%

" CS2CÜ3----
toluene
1 0 0 T ,4h P(o-tolyl)3

N— CO2CH3
CO2CH3

93% yield, 99% ee

Scheme 3.13
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Gross and co-workers^®  ̂have also developed a reliable method for the preparation of 2- 

substituted N-Boc indolines with high diastereomeric excess (Scheme 3,14). Their work 

demonstrates that N-Boc indoline can be deprotonated regioselectively in the 2-position 

with sec-butyllithium(s-BuLi)/(-)-sparteine and subsequent substitution provides 

enantiomerically enriched products complementary to indoline ligands that are available 

from the commercially available (S)-indoline-2-carboxylic acid.

1) s-BuLi/145 
cumene 

N 6h,
Boc

t-BuO

2)C02Me

N
""CO^Me

Boc
(65% yield, 99% ee)

(-)-sparteine

Scheme 3.14

Synthesis of enantiopure final compounds would require care in conversion of the ester to 

acid and during coupling, although previous work suggested neither to be a problem under 

the conditions employed in our synthetic route.

3.2.7 Palladium catalysed cross-couplings

The preparation of compounds 149,151-152,154-157 all employed carbon-carbon bond 

forming reactions in which palladium complex catalysts play a central ro le ^ ^ ^  (Scheme 

3.16 and 3,17). These selective transformations were applied after the indole ring was 

constructed which is in contrast to the conventional procedure used to synthesise the 

substituted indoles in Scheme 3.11

The trifiate 147 was a valuable precursor for C-C bond formation in these reactions, 

because of its easy synthesis from alcohols and because its C-O bond is cleaved readily by 

palladium.^® Aryl triflates are less reactive than aryl iodides, but their reactivity is 

comparable to that of aryl bromides.

The trifiate was derived from the O-benzyl substituted synthon 108 as indicated in Scheme 

3.15 Débenzylation by hydrogenation following the published procedure with 10%
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palladium-carbon catalyst gave the free alcohol.^^®’̂ ®̂ The use of hydrogen donors at 

elevated temperatures was discouraged since two recent publications from two laboratories 

reported the danger of thermal decomposition of tert-butyl-derived protecting 

groups. Subsequently the phenolic hydroxy group of 146 was trapped with triflic 

anhydride in the prescence of a base such as pyr id ine .The  Boc group was completely 

stable to the catalytic hydrogenolysis conditions, and it was possible to carry Boc 

unscathed through a wide range of functional group interconversion procedures.
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BnQ

BnQ l.Mg/MeOH 2. NHBoc 3.NaOH 5.CF3CH2NH2HCI
Die 4.H

123117108 129
NHBoc

TfO.

NHBoc

Pyridine, Tf^O,

CH2CI2, -78°C

135

H2,10%Pd-C 
EtOAc, R.t.

HO.

NHBoc
147 146

Scheme 3.15
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TfO,

NHBoc
147

1. ‘IMS
Pd(PPh3)2Cl2

EtgN^DMF

2. K2CO3, MeOH 
25T, 12h.

<=^SnBu3 
3 eg. LiCl
3mol%Pd(PPh3)4lS0 
Dioxane, 98°C

O " B ( 0 H h
2 eg. LiCl,
3mol%Pd(PPh3)4
EtOH/Toluene
2MNa2C03

CONHCH2 CF3

NHBoc 149

CONHCH2 CF1

NHBoc 161

Y Y V CONHCH2 CF,

NHBoc 162

Scheme 3.16
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NC.
2 eq. NaCN

20 mol% Cul,
10mol%Pd(PPh3)4
CH3CH2CH2CH2CN

NHBoc 164

3 eq. LiCl,
2 mol% Pd(PPh3)2Cl2 
DMF, 95°CTfO.

•CONHCH2 CF3

NHBoc 166

NHBoc
MeOH, DMF 
CO, 70°C

147

NHBoc 166OMe OMe

2 eq. LiCl,
3 mol% Pd(PPh3)4 
EtOH/Toluene 
2M N&2C03

NHBoc 157

Scheme 3.17
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3.2.8 Formation of arylacetylene intermediate (149)

A modified version of the Heck reaction, described by Chen and Yang^® was used to 

effect the introduction of the acetylenic substituent onto an aromatic nucleus. The 

methodology was simple and represented a desirable alternative to the Stephans-Castro 

coupling of iodoalkenes or iodoarenes with copper (I) arylacetylene,^ which is sometimes 

limited by the violent reaction conditions and by the difficulties in preparing cuprous 

acetylides;^

+ RC~CCu

Chen and Yang carried out the sp^-sp coupling of a arenetriflate with 

trimethylsilylacetylene (TMSA) in the presence of triethylamine and a catalytic amount of 

dichlorobis(triphenyl phosphine) palladium Pd(PPh3)2Cl2. After heating the reaction 

mixture for 7 h in DMF, they obtained (trimethylsilyl)ethynyl substituted benzene in 87% 

y ield .^  Using this procedure, on our triflate derivative 147 we isolated the (trimethylsilyl) 

arylacetylene intermediate 148 in 80 % yield. Removal of the protecting group using 

potassium carbonate at an ambient temperature subsequently formed the terminal acetylene 

derivative 149.^^ We chose the trimethylsilyl group as protecting group because base- 

sensitive functionalities on the indoline moiety were tolerated as it was quantitatively 

r e m o v e d . A l t h o u g h  the detailed mechanism of the reaction is yet to be clarified, it 

seems likely that substitution occurred through the formation of a palladium(0) complex 

158, believed to be the catalytically active species generated in situ (scheme 3.18). Once 

formed, bis(triphenylphosphine) palladium(0) initiates the first step in the catalytic cycle 

by taking part in an oxidative addition reaction with aryl triflate to give intermediate 157 as 

a trans square planar complex. Co-ordination with the alkyne then follows with insertion of 

the alkyne into the C-Pd bond to yield an unstable aryl(a-ethynyl)palladium (II) 

intermediate 160. With the P-hydrogen and the transition metal in a syn relationship, the 

reaction-terminating P-hydride elimination can take place to give the coupled product 148. 

Finally, a base-assisted reductive elimination of HOTf regenerates the palladium(0) 

catalyst to maintain the catalytic cycle.^® Here triethylamine was not only used as solvent
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but also as a scavenger for the hydrogen halide generated during formation of 

bis(triphenylphosphine)dialkynylpalladium (II).

base.HX
reductive
elimination

base

(PPh3)2PdCl2

C
IM S

NEtjHjCl

(PPh3)2PdfC^CTMS)2

L T M S C ^ C C — CTMS

(PPhjfePd' 
158

H— Pd(PPh3>2— OTf

R'—OTf

oxidative
addition

r ‘— Pd(PPhj)2— OTf
159

R
148

-TMS

syn p-hydride 
elimination

TMS 
alkene insertion

Pd(PPh3)20Xf
160

Scheme 3.18

3.2.9 Formation of vinylarene intermediate (151)

The partial hydrogenation of alkynes to alkenes is a well-known textbook example of 

reactions with “selectively poisoned” catalysts.Deactivated palladium supported on 

calcium carbonate (Lindlar catalyst) has been most commonly employed in these reactions, 

although doubts have been expressed on its advantages over other catalysts.^°^ Historically, 

Lindlar catalysts (Pd/CaCOi) are poisoned by lead, and by secondary poisons (e.g. 

quinoline)^®  ̂which further refine the catalyst performance. One well established action of 

the quinoline is to inhibit alkene surface interactions, which results in an overall selectivity 

increase for alkyne hydrogenation.
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%  / H
R— C = C — H --------------------- ______C—

Lindlar catalyst H H

However, in our hands and in the hands of Tedeschi and Clark^®̂  the reaction proved 

unsuccessful with contamination of the desired olefin with over-reduced material and 

attempts to purify the product were met with little success.

Introduction of the vinyl functionality into the triflate derivative 147 was eventually 

accomplished using the Stille protocol.^® The Stille coupling of aryl triflate with 

vinyltributyltin worked well in dioxane at reflux with tetrakis(triphenylphosphine) 

palladium(O), as catalyst, in the presence of 3 equivalent of lithium chloride.^ 

Tetrakis(triphenylphosphine)palladium is a commercially available preformed zerovalent 

palladium complex and enters the catalytic cycle directly, but because it is short-lived; 

suffering from air and light stability problems^^° the catalyst was freshly prepared and used 

in solvents of anhydrous quality. The tributylstannane derivative was chosen on the basis 

of the nontransferable butyl groups and cost. On the other hand however, removal of the 

tin by-product (tributyltin chloride) can be problematic and is one of the major limitations 

usually associated with the Stille reaction.^^® For the academic lab, however, this limitation 

was not a serious one and purification was achieved by treatment with fluoride ion 

followed by filtration.^^^ The base triethylamine was employed as an additive, presumably 

to minimize degradation of the stannane by adventitious acid and the antioxidant, di-/ert- 

butylphenol was added to minimize side product formation via radical pathways.Given 

the stable nature of the stannane organometallic species, almost any conceivable solvent is 

likely to be compatible with the Stille protocol although in ethereal solvents such as 

dioxane, LiCl appears to be necessary to induce coupling.^®® This has been rationalized by 

postulating that the initial oxidative addition product R-PdLa-OTf, is catalytically 

incompetent, Wiereas ligand substitution with chloride ion leads to the reactive species^^^ 

161. A plausible three-step mechanism for the Stille coupling can be proposed in which 

oxidative addition of aryl triflate 147 to the palladium(O) complex in the presence of 

lithium chloride yields 161 and lithium triflate. Transmetallation of 161 with 

vinyltributylstanne yields tributyltin chloride and the bis(organo)palladium(II) complex 

162 which rapidly undergoes reductive elimination to form the coupled product 151 and 

regenerates the palladium(O) catalyst.
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LiCl

151
reductive
elimination

(PhgP^Pd' 
158

R'— Pd(P P h3)2('- '^ ) 
162

Bu,SnCl

r '  OTf

oxidative
addition

LiOTf

R---- Pd(PPh3)2— Cl
161

transmetallation

Bu^Sn

Scheme 3.19

To produce the active catalyst palladium dichloride and triphenyl phosphine were 

dissolved in DMF. After complete dissolution at 140°C, hydrazine hydrate was rapidly 

added and a vigorous reaction took place. Cooling followed by filtration then afforded 

tetrakis(triphenylphosphine) palladium (0) 150 as a pale yellow solid.^^^

2PdCl2 + 8P(C6H5)3 + 5 NH2NH2 .H2 O

2Pd{P (C 6H 5)3)4 + 4NH2NH2.HCI + N2 + 5H2O  

150

3.2.10 Formation of unsymmetrical biaryl intermediate (152)

Another valuable method for coupling sp -̂sp  ̂carbon centers is the Suzuki reaction. This 

coupling appears to be superior to the corresponding Stille approach in that it uses nontoxic 

boronic acid intermediates. Organoboronic acids are convenient reagents, which are 

generally thermally stable and inert to water and oxygen, and this allows their handling 

without special precautions.



3. Compound Synthesis 105

Huth et had explored the Suzuki cross-coupling reaction between aromatic triflates 

and boronic acids and furnished a valuable supplement to the already known arylation 

techniques, which mostly use aromatic halides as starting materials .This method was 

therefore an obvious choice for constructing the biaryl analogue 152. Like other palladium- 

catalysed reactions with triflates decomposition of catalyst to palladium black occurs at an 

early stage of the reaction.^^® Presumably, the chelating phosphines react with triflates to 

give phosphonium salts. However addition of 2 equiv of lithium chloride was effective in 

preventing such a decomposition of the catalyst, which is known to convert the labile 

cationic palladium (II) species to organopalladium(ll) chloride.

The presumed catalytic cycle in Scheme 13.20 serves as a working model for the direct 

coupling reaction. The aryl triflate oxidatively adds to the Pd(0) complex to yield 

intermediate 163. A metathetical displacement of the triflate anion in the palladium(II) 

complex by the ethoxide ion takes place to give an alkoxopalladium (II) complex 164. This 

then reacts with arylborane, generating the diorganopalladium complex 165. Finally, 

reductive elimination gives the cross-coupling product 152 and reforms the palladium(O) 

catalyst.

reductive
elimination

(Ph3P)2Pd 
158

R '— OTf

oxidative
addition

Pd(PPh3h— R' R '- P d “(PPh3)2-OTf

( ’“  P  BON.
Eto— B(0 H)2 " A /

^  NaOTf
R‘—Pd"(PPh3)2— OEt 

164

Scheme 3.20
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3.2.11 Formation of cyano intermediate (154)

The use of Pd(0) catalysis in preparing aryl nitrile derivatives is documented in the 

literature and offers practical improvements to the low-yielding Rosemund-von Braun 

reaction^^® for which the same overall transformation necessitates harsh reaction 

conditions and leads to excessive metal waste:^^

Br 200®C
anhydrous CuCN -------- ► 0 T + CuBr

In an attempt to synthesise the cyano analogue of UCL 2275, we initially adopted the 

catalytic reaction employed by Takagi shown below.Unfortunately this procedure has 

the disadvantage of low yields with electron-donating groups.

R
OTf

KCN,

[Pd2(dba)3].CHCl3, dppf 
l-methyl-2-pyrrolidinone (NMP)

However, whilst we were carrying out this synthesis, Anderson^^® reported an efficient 

cyanation reaction using tetrakis(triphenylphosphine) palladium (0), with 

substoichiometric quantities of copper(I) iodide.

The optimum reaction conditions involve the use of a nitrile solvent, 2 molar equivalents 

of potassium cyanide and a catalyst system employing the combination of cuprous iodide 

with [Pd(PPh3)4] in a 2:1 r a t i o . T h i s  method seemed to offer a practical improvement to 

the standard Pd(PPhs)4-catalyzed cyanation protocols which are recognised as being 

notoriously unreliable. Initially, as a model experiment we examined a simple aromatic 

iodide under the conditions described by Anderson et al. The positive result in this case 

encouraged us to use this reaction for our major goal, the preparation of the substituted aiyl 

cyanide 154. However, the aiyltriflate 147 was shown to be a far less reactive substrate, 

and only trace levels of conversion was observed when the reaction was conducted in 

acetonitrile after extended reaction time (6%, 82 °C, 20 h). The use of valeronitrile as 

solvent however, allowed for a higher reaction temperature (110°C) and resulted in the
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production of the desired nitrile in 76% yield. Deoxygenating the solvent by subsurface 

nitrogen sparge and the use of high quality, finely powdered dry cyanide sources also 

enhanced reproducibility of the literature procedure. The CuI/Pd(PPh3)4 catalyst system, 

appears to be mechanistically distinct from the copper effect involved in the palladium- 

catalyzed cross-coupling reactions.^^^ A dual catalytic cycle is proposed to explain the 

influence of the cocatalyst system, where the Cul additive might serve as a vehicle which 

transfers the cyanide ion between the poorly soluble NaCN source and the Pd(II) 

intermediate 166. This second cycle (II) could act in concert with the primary process 

which involves the activation of the substrate through the Pd(0)-mediated oxidative 

addition reaction. The proposed CuCN intermediate has the advantage of being only 

slightly soluble and protects the catalyst from being complexed with excess cyanide, since 

the cyanide anion, although absolutely necessary as a reagent, has an inhibitory action on 

the catalyst.Alternatively, CuCN might influence the reaction by providing a species 

which functions more efficiently in the transmetallation step with the Pd(II) complex than

does NaCN.318

r '—CN
154

reductive
elimination

Pd(PPh3)4

Pd(PPh3)2
158

R‘—OTf

oxidative
addition

— Pd(PPh3)2— CN R^— Pd(PPh3)2—OTf
166

CuCN

transmetallation CuOTf NaCN

NaOTf

Scheme 3.21
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3.2.12 Attempted synthesis of tetrazole analogue

Initially it was envisaged that the cyano group of the intermediate 154 could be 

transformed into a tetrazole in one step with sodium azide and ammonium chloride in 

DMF at The one step cycloaddition is a concerted process and affords the neutral

tetrazole. We tried the reported conditions but for reasons unknown we were not 

successful. Although it has been reported that 2.5-3 equivalents of sodium azide is 

sufficient for forming the tetrazole, the yield of our target compound was low with 

recovery of significant amounts of unreacted starting material 154 even after prolonged 

reaction times.

NH4CI

DM F 90°C

N— N 

H

CONHCHoCFR =

NHBoc

3.2.13 Synthesis of acetic acid intermediate (168)

We followed a procedure described by Tilley et al.^^’̂ ^ for the synthesis of UCL 2318. In 

this method the triflate derivative 147 was coupled with allyltributyl tin in the presence of 

the catalyst precursor bis(triphenylphosphine)palladium dichloride and lithium chloride to 

give the allyl derivative 155. At 95°C, the reaction was complete within 4 hr. Because of 

the relatively harsh conditions employed, double bond migration and isomerizations were 

likely to be recurring side reactions. However, analysis of the products by 'H NMR 

spectroscopy indicated that less than 10 % of the material had suffered isomerization of the 

allylic double bond into conjugation with the aromatic ring to give 169.
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HO2C

-CONHR CONHR

RHBoc NHBoc
147 155

N

O

CONHR NaClOz, NaH2P04,
2-methyl-2butene,
(CH3)3C0H,

NHBoc
168

H

cat. RUCI3, NaI04, 
CCI4 , CH3 CN, H2 O, 
25°C

CONHR
N

NHBoc
167

Direct oxidation of the allyl group of 155 to the corresponding acetic acid according to the 

conditions of Sharpless, we imagined would provide convenient access to 168. Sharpless 

and coworkers^^^ had elaborated and further improved ruthenium tetraoxide catalysed 

oxidations^^^ (using sodium periodate as the stoichiometric oxidant), with their 

demonstration that the addition of acetonitrile to the traditional solvent system (CCI4/H2O) 

prevented catalyst inactivation. The choice of acetonitrile was dictated by its unique ability 

to resist oxidation, and yet retain good ligating ability towards the ruthenium transition 

metal.

However, applications of the standard procedure by us gave a mixture consisting of the 

desired acid and the intermediate aldehyde in a 1:1 ratio as determined by *H NMR 

spectroscopy. While Sharpless indicates that cleaner oxidations can be achieved using 

periodic acid in the place of sodium periodate,^^® concern over the integrity of the 

protecting groups prompted us to resort to the two-stage oxidation described by 

Tilley. Using ruthenium chloride/periodate followed by sodium chlorite in phosphate 

buffer rapid oxidative cleavage to the acid ensued in 78 % yield. Since the separation of 

155 from the small quantities of its isomer 169 is extremely tedious, it was more practical
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to oxidise the mixture to provide the acetic acid 168 together with small amounts of the 

benzoic acid 170, which were readily separable by flash chromatography.

ONHR
N

O
R

NHBoc

-CONHR

R

NHBoc

169 170

3.2.14 Attempted synthesis of benzoic acid analogue

The Pd-catalysed methoxycarbonylation of the aryl triflate derivative 147 to the 

corresponding aryl ester in a single operation provided a mild and efficient entry to the 

benzoate ester derivative 156.

^  /O SO 2CF3
Pd(OAc)2 dppp, NEt]

CO, MeOH, DMSO,60-70^C
147

NHBoc

O

156

Carbonylation of 147 was initially modelled on the analogous methoxycarbonylation of 2- 

naphthyl triflate in DMF/methanol.^^ In a typical procedure, the triflate was stirred with 

palladium acetate, triphenylphosphine, and a non-nucleophilic base such as tertiary amine 

under ambient CO atmosphere, at 70°C.̂ ^® Although carbon monoxide insertion did occur 

under these conditions, problems were encountered which were reminiscent of those 

encountered by Heck in the carbonylation of aryl halides^^  ̂i.e. low yields, lengthy reaction 

times, and poor catalyst turnover, even with high CO pressures. We were prompted by a 

recent report by Dolle and coworkers^^^ which described a related carbonylation affording
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a 500-fold rate enhancement to use bis(diphenylphosphino)propane (dppp) as the chelating 

ligand over triphenylphosphine. After a reaction time of 6 h a superior 48 % yield of aryl 

ester formation was observed. It is not clear if this effect of dppp is due to the higher 

complex stability because of its bidental complexation ability or due to the inevitable cis- 

configuration of the palladium complex.^^®

Initially it was envisioned that an arenecarboxylic acid derivative would arise from 

benzoate derivative 156 but hydrolysis with aqueous sodium hydroxide unexpectedly 

failed to give the desired product. This is in contrast to our earlier experiences with base- 

promoted hydrolysis, which were always executed successfully.

3.2.15 Attempted synthesis of the phenol analogue

The removal of simple methyl ethers is a well-documented problem commonly associated 

with protected alcohols. However, McOmie and coworkers^ had developed a simple and 

quantitative method for deprotecting aryl methyl ethers with boron tribromide at or below 

room temperature. The reaction probably proceeds via a complex formed between the 

reagent and the ethereal oxygen atom:

ArOMe + BBr^
Me

X -
BBrg

ArOBBr2  +  MeBr

ArOBBr2  + 3 H2 O — ► ArOH + H3 BO3  +  2HBr

Since this procedure does not require the use of elevated temperatures it represented an 

attractive option for the synthesis of a phenolic derivative from compound 157. 

Déméthylation is carried out by mixing the reagents in an inert solvent at -80°C and then 

allowing the mixture to warm up to room temperature. The mixture is then shaken with 

water to hydrolyse excess reagent and boron complexes and the product collected by 

extraction into ether. Unfortunately the t-butoxycarbonyl groups are also cleaved with this 

reagent and the resulting compound is very hydrophilic and may account for why 

following the same procedure we were unable to reproduce the results.
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3.3 Synthesis of indoline analogues with various R'

CONHCH2CF3

NH3.TFA

The general route to these compounds is shown in Scheme 3.21.

COjEt
Mg/MeOH

OT, 6-7h.
COzMe

106 R  ̂= 4-OMe
107 R  ̂= 5-C1

115 R  ̂= 4-OMe
116 R^=5-C1

R li— /^C O oH

NHBoc

1. NaOa MeOH, O'̂ C

2.H^

CF3CH2NH2.HCI 
BOPCl, Et3N, CH2CI2 

25'"C

NHBoc

H02C,yR"

NHBoc 
Die, CH2CI2 25T

3

NHBoc

CF3CO2H

CĤ CU ffC

CONHCH2CF.

NH3TFA

Scheme 3.21
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3.3.1 Synthesis of dipeptide ester intermediates

The key intermediates for the synthesis of these target compounds are the substituted 

indoline carboxylates 115 and 116. Accessible from the corresponding indoles by 

magnesium in methanol reduction as previously discussed (Scheme 3.12) these esters 

underwent aminolysis with the appropiate amino acid to form dipeptide esters.

115-116
NHBoc 

Die, CH2CI2 25^C

NHBoc

181 R^= CH2CH2SCH3 R  ̂= 4-MeO
R  ̂= 4-MeO

R  ̂= 5-Cl
R  ̂= 5-Cl

2 _

182 R^= CHjOBn

183 R^= H
184 R^= CH3

i3_185 R^= CH2CH2CH3 r2  = 5-C1
186 r 5= CH.CHoSCH, R  ̂= 5-C1

Although the intermediate amino acids 43,179,180 were appropriately derivatised to their 

protected forms for subsequent use from their respective free base, most of the requisite 

derivatives of the standard amino acids, protected and ready for incorporation into peptide 

analogues, were commercially bought.

HO2C, R-

NH-

(Boc>20
dioxane/H20

NazCO). 0"C

HO2C- R-

NHBoc

43 R^ = CH3CH2
179 r 3 = H
180 r3  = CH3CH2CH2
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3.3.2 Attempted synthesis of vinylglyclne analogue

In an attempt to synthesise the unusual amino acid 190 (since it could not be purchased in 

its free base or protected form), we adopted the procedure employed by Afzali-Ardakani 

and Rapport^ (Scheme 3.22). This method involved amino protection of the ester 187 

with benzyl chloroformate under Schotten-Baumann conditions and subsequent oxidation 

by treatment with sodium metaperiodate to give the sulphoxide 189. The reaction 

conditions for pyrolysis of compound 189 appear to be critical for controlling the extent of 

formation of the desired P,y-unsaturated product 190, and accompanying Z and E a,p- 

unsaturated isomers 191 and 192.

COzMe

CbzNH %

189

A

NalOj

148°C/3mm

C02Me _f_

CbzNH H

190

COiMe

HCI.H2N H

H20/Et0Ac
Bn02CCl

KHCO3

C02Me

CbzNH %  
188

C02Me _|_

HNCbz

191

C02Me

HNCbz

Scheme 3.22
We were able to conveniently introduce the Cbz group in 76 % yield and accomplished 

oxidation of compound 188, in 85 % yield. However, attempts to effect 

dehydrosulfenylation of 189 under the most promising conditions (Kugelrohr distillation at 

148°C (3mm)) proved to be very low yielding and always led to a substantial amount of
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unchanged sulfoxide 189 as an accompanying impurity in olefin 190. Higher temperatures 

and pressures decreased this impurity but caused increased thermal isomerization to the 

a ,p“unsaturated isomer.

In spite of the configurational liability of amino aldehydes in general, derivative 195 was 

recognised as a useful synthon for the preparation of the vinylglycine dehvative^^^ 197. 

The strategy to convert 195 into vinylglycine is outlined in Scheme 3.23. It was envisaged 

that aldehyde on subjection to Wittig olebnation would provide the desired alkene.

Me<

OH
NHBocNHBoc

195 196

The Wittig Reaction
H.
^>=f(Ph)3

NHBoc
197

Scheme 3.23

A selective oxidant pyridinium dichromate (PDC) 198 can be used in methylene chloride 

to oxidise primary alcohols to the corresponding aldehydes with no appreciable over

oxidation, regardless of the nature of the subs tra te .This  is in contrast to solutions of 

PDC in N,N-dimethylformamide (DMF) which, at 25®C converts non-conjugated 

aldehydes to carboxylic acids.
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( T ^
H J

CrzO?^-

2
198

PDC

Despite the availability of many reagents for the oxidation of alcohols, according to Corey 

the procedure involving PDC in aprotic media emerged as a very useful and versatile 

oxidant especially for highly sensitive substances wdiere mildness of conditions are 

required. In our own experience (using commercially brought PDC) the reaction went as 

anticipated but proved to be very low yielding. This may be partly due to the fact that 

although specific reference has been made to oxidation of alcohols by PDC itself in a short 

note, as far as we are aware, there have been no key synthetic applications of pre-formed 

PDC as a discrete oxidising species. In his reactions Corey prepared pyridinium 

dichromate in quantity by dissolving CrOs in a minimum of water, adding pyridine and 

collecting the precipitated product.

Several CrOg based reagents have been developed, usually with the objective of increasing 

selectivity, of which the chromium-trioxide pyridine complex: Cr03.(2Py) (Collins’ 

reagent), is probably the most widely used^^ To control the highly exothermic reaction 

(possible fire hazard!), the reagent was prepared and used in situ in dichloromethane. 

Oxidation is usually rapid, and good yields of product are often obtained However owing 

mainly to the instability of our highly functionalised molecule we were not successful in 

using this procedure to prepare 196. Instead the mass spectrum and the NMR of the 

product isolated corresponded to compound 199.

Mel

CHO
NHBoc

199

Frustrated by difficulties in the synthesis of the vinyl analogue we set about developing 

other useful dipeptide ester intermediates.
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Transformation of the dipeptide esters 181-186 to form the desired diamides was carried 

out via the route discussed previously (Scheme 3.21).

l .NaOH,MeOa R 
O ^T h

2.H^

2 . f i CO2H CF^CHzNHz-Ha R 
N BOPCl, EtgN,

O
NHBoc

CH2Cl2,25X 1 2 h

NHBoc

CONHCH2CF3

200 R^= CH2 CH2 SCH3  R  ̂= 4-MeO2 _

R  ̂= 4-MeO193 R̂ = CH2OBH
201 R̂ = H
202 R^= CH3
203 R̂ = CH2CH2CH3 r2 = 5-C1
204 R̂ = CH2CH2SCH3 R̂  = 5-C1

R̂  = 5-C1 
R  ̂= 5-C1

205 R^= CH2 CH2 SCH3  R  ̂= 4-MeO 
194 R^= CHzOBn R̂  = 4-MeO

R̂  = 5-C1 
R  ̂= 5-C1 
R̂  = 5-C1

206 R^= H
207 R^= CH3

,3_208 R"= CH2 CH2 CH3

209 R^= CH2 CH2 SCH3  R  ̂= 5-C1

Although most of our dipeptide amides were synthesised in a three step procedure 

compounds 216 and 217 were made in a two step process via the amide intermediate ZL 

92 Scheme 3.24 In the latter route, the ester was directly converted to the amide with n- 

butylamine.

R^ II
N
H

C02Me

NHBoc

n-BuNHo

reflux, 3h

Reagents; a.
HO2O,,

ZL92

CONHBu

CONHR

NHBoc

NHBoc

2 1 0  R̂  = Bu R^= 4-MeO R^= H
2 1 1  R̂  = Bu R  ̂= 4-MeO R̂  = CH2 CH2 CH3

DIG; b. NaOH; c. R^NHz-HCl, BOPCl, ^ N  

Scheme 3.24
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CONHR
205-209 CF3CO2H, CH2CI2 

Ô 'C, 5h

NH3.TFA

2 1 2 R̂ =CH2CH2SCH3 R̂  == 4-MeO r ‘ = CH2CF3

213 R^= CH2OH R^ == 4-MeO R^ = CH2CF3

214 R^= H R^ == 5-01 r ’ = CH2CF3

215 R  ̂= CH3 R̂  == 5-Cl R̂ = CH2CF3

216 R^= CH2CH2CH3 R  ̂== 5-Cl r ' = CH2CF3

217 R^= CH2CH2SCH3 R^ == 5-Cl r ’ = CH2CF3

218 R^= H R̂  == 4-MeO r *= Bu
219 R^= CH2CH2CH3 R^ == 4-MeO R' = Bu

Finally the diamides obtained were easily converted to the required target compounds on 

deprotection.
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4. PHARMACOLOGICAL METHODS

4.1 Protein-ligand binding equilibria

Enzymes catalyse the chemical transformation of one molecule, the substrate into a 

different molecular form, the product. For this chemistry to proceed, however, the enzyme 

and substrate must encounter one another and form a binary complex through the binding 

of the substrate to a specific site on the enzyme molecule, the active 

The active centres of enzymes are similar in many ways to the agonist binding sites of 

receptors, and enzyme inhibitors are identical in principle with receptor blockers. In this 

chapter we explore the binding interactions that occur between enzymes and their 

competitive inhibitors as well as understand the dependence of the observed biochemical 

response on the degree of receptor occupancy. The smaller molecular weight partner in the 

binding interaction is broadly defined as the ligand (A) and the macromolecular binding 

partner as the receptor Mathematical expressions are derived to describe the

intermolecular interactions quantitatively and graphical representation of experimental data 

allows one to determine the equilibrium constant associated with complex dissociation.^^®

Definition o f the receptor occupancy theory: at its simplest, the bimolecular binding of (A) 

and (R) forming the binary complex This can be described by the following

scheme;

Ligand + Receptor Ligand-receptor complex ---- ^  Effect

A + R AR (4.1)
k-1

Here k +i and k _i are the association rate constant and the dissociation rate constants 

respectively.

The affinity of this interaction (or the stability of the AR complex), is an intrinsic property 

of the atomic contacts made between the partners and so has a constant value irrespective 

of their concentrations.^^ This value is defined by the dissociation constant (kd), where:
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Kl =  ̂  ̂  ̂  ̂ (units, molar) (^*2)
[AR]

Or an association constant (ka) where:

ka = ...JAR]— (units, molar’ )̂ (4 3)
[A] [R]

where [R] and [AR] are the concentrations of the free and occupied receptors respectively. 

Biochemists however choose to use the former convention as the standard measure for 

binding affinity. The reason is that the dissociation constant has units of molarity and can 

thus be equated with a specific ligand concentration that leads to half-maximal saturation 

of the available receptor binding siteŝ ^® (Equation 4.8).

4.2 Binding measurements at equilibrium

While in principle the dissociation constant can be determined from kinetic studies, in 

practice researchers commonly study receptor-ligand interactions after equilibrium has 

been established since they tend to be experimentally less challenging.^^®

4.2.1 Derivation o f the Hill-Langmuir equation

At equilibrium, the concentration of the AR complex is constant. Hence the rates of 

complex association and dissociation must be equal.

Applying the Law of Mass Action, at equilibrium we have:

k + i[A ][R ]= k .i[A R ] (4.4)

If pf is defined as the proportion free, equal to [R ]/[R ]t, where [R]t represents the total 

concentration of receptors, and Plr is the portion occupied, equal to [LR ]/[R ]t, we have:

k  + i[A ] Pf =  k  Par (4 .5 )
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Since we are for the present concerned only with the equilibrium conditions and not with 

the kinetics, we can combine k +i and k _i to form a new constant Ka, (the dissociation 

equilibrium constant), where Ka = k +i/k

[A] Pf = kA Par (4.6)

Since, on this simple model, the receptor is either free or combined, we can write:

Pf + P a r  =  1

[A]
P a r  +  P a r  = 1

(4.7)

Hence

Par =
[A]

kA+[A]
(4.8)

This equation is known as the Hill-Langmuir equation, and it shows the hyperbolic 

relationship between the ligand [A] and receptor occupancy ?ar^^ as illustrated in Figure 

4.1 We consider that under most conditions the concentration of the receptor is far less 

than that of the ligand. Hence formation of the binary complex does not significantly 

deplete the concentration of free ligand. Thus in deriving Equation 4.8, it is assumed that 

the free ligand concentration is about the same as the total ligand concentration added. 

When [A] = K a , P a r  == 0.5 (i.e. 50% receptor occupancy), thus the dissociation equilibrium 

constant is the concentration of ligand that will produce 50% receptor occupancy.

1 D r

4
C.8

a

C2|*

:a; ,.u

1.0

0 8

oei

15

/

lOr- 10"' 13
fAJ. M

Figure 4.1 The relationship between receptor occupancy and drug concentration as predicted
by the Hill-Langmuir equation. The concentration of A has been plotted using a linear 
(left) and a logarithmic scale (right).
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4.3 Kinetics of single-substrate enzyme reactions

Kinetic analysis of enzyme-catalysed reactions allows for convenient interpretation of the 

time courses of enzyme reactions. The use of Steady state enzyme kinetics can be a means 

of defining the catalytic efficiency and substrate affinity of the enzyme.^^®

4.3.1 The time course o f enzymatic reactions

Upon mixing an enzyme with its substrate in solution and then measuring the amount of 

substrate remaining and/or the amount of product produced over time, one will observe 

progress curves similar to those shown in Figure 4.2. Initially substrate loss and product 

appearance change rapidly with time but as time increases these rates diminish, reaching 

zero when all the substrate has been converted to product by the enzyme.^^®

0

1

80

60

40

20

0 20 40 60 80 1 0 0
Time (s.)

Figure 4.2 Progress curves of product development (circles) and substrate loss (squares) for a first- 
order reaction.

Such time courses are well modelled by first-order kinetics:

[S] = [S„]e-*' (4.9)

where [S] is the substrate concentration remaining at time t, [SJ is the starting finite 

concentration, and k is the pseudo-first order rate constant for the reaction.

v  = - ^ = ^ S „ ] e ^
(4.10)
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The product appearance (or substrate depletion) profile at the very early portion of this plot 

is approximately linear with time, and the initial reaction velocity Vo can be approximated 

as the slope of this plot.^^^

4.3.2 Effects of substrate concentration on velocity

Figure 4.3 illustrates the initial velocity v as a function of [S], the starting concentration of 

substrate when the enzyme concentration is kept constant. Rather than observing the linear 

relationship expected for first-order kinetics, the velocity is apparently saturable at high

substrate concentrations.335

V =

V =

M

Figure The effect of substrate concentration (S) on the rate o f reaction (F).

A qualitative explanation for the substrate dependence of enzyme-catalysed reaction 

velocities was provided by Brown (1902) and is best described by the following reaction 

scheme;

E + S
K ,

K]
E .S  ^  E + P (4.11)

in which the enzyme-substrate complex, ES, is a noncovalent complex which is formed 

rapidly and reversibly before decomposing to give the product.

This scheme predicts that initially the reaction velocity will be proportional to the 

concentration of the ES complex: v = k][ES]. At low concentrations of S the concentration 

of ES would be directly proportional to [S] and the velocity would depend on [S] in an
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apparent first-order fashion. At very high concentrations of S, however, practically all the 

enzyme will be present in the form of the ES complex. Under such conditions (when the 

enzyme is fully saturated) the velocity depends on the rate of the chemical transformations 

that converts ES to EP and the subsequent release of product to re-form free enzyme. 

Adding more substrate under these conditions would not effect a change in reaction 

velocity, hence the slope of the plot of velocity verses [S] would approach zero. This 

limiting value: Vmaxis constant for a given amount of enzyme.^^®’̂ ^

4.3.3 The rapid equlibrium model o f enzyme kinetics

Michaelis and Menten (1913) took Brown’s enzyme reaction model and put it into a 

rigorous mathematical framework and derived a basic rate equation. The Michaelis- 

Menten approach assumes that a rapid equilibrium is established between the reactants (E 

+ S) and the ES complex, followed by slower conversion of the ES complex back to free 

enzyme and product(s), ie this model assumes that Ki «  K

^ _  ^m ax [^]________^m ax

~  K3 + [S] "

[S]

(4.12)

4.3.4 The steady state model o f enzyme kinetics

The original derivation by Michaelis and Menten depended on a rapid equilibrium 

approach to enzyme reactions. The majority of experimental measurements of enzyme 

reactions, however, occur when the ES complex is present at a constant steady 

concentration and could be described more generally by a steady state approach that did 

not require K] «  The final equation (4.22) that results from this treatment is very 

similar to Equation 4.10, and despite the differences between the rapid equilibrium and 

steady state approaches, the final steady state equation is commonly referred to as the 

Michaelis-Menten equation.

Steady state refers to a time period of the enzymatic reaction during which the rate of 

formation of the ES complex is exactly matched by its rate of decay to free enzyme and 

products. This kinetic phase can be obtained when the concentration of substrate molecules 

is in great excess of the free enzyme concentration.^^^
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d[ES]
dt

=  0
(4.13)

Figure 4.4 illustrates the development and duration of a steady state for an enzyme 

interacting with its substrate. As soon as the substrates and enzymes mix, a rapid and pre

steady state build up of ES complex is seen. This is followed by a long term window in 

which the concentration of ES does not change (the steady state phase), and finally a post

steady state phase characterised by significant depletion of starting substrate

concentration.249

0.45

0.40 - 

I 0.35 i-
<

0.90

0.25

0.20
80 10020 40

Time (s.)

Figure 4.4 Development of the steady state.

An expression for the enzyme velocity under steady state conditions can be worked out. 

The pseudo-first order progress curve for an enzymatic reaction can be described by:

V = ^2 [ES] (4.14)

[ES] is dependent on the rate of formation of the complex (governed by ki) and the rate of 

loss of the complex (governed by k.i and ki). The rate equations for these processes are 

given by:

4ES]
dt

~^i[E]f[S]f -^-^£^=(fci + *2)[ES] 
at

(4.15)

Under steady state these two rates must equal, hence:

*i[E]f[S]f = (* ., + *2)[ES] (4.16)
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This can be arranged to obtain an expression for [ES]:

[ES] = (4.17)
K\ + k2

ky

Km is an abbreviation for the kinetic constants of Equation 4.17:

 : (4.18)

Equation 4.18 is substituted in Equation 4.17:

[ES] = W f[S ]f (4.19)
K „

During the steady state phase, the enzyme is assumed to be acting catalytically (present in 

very low concentration relative to substrate), so substrate depletion is insignificant and the 

term [S]f is replaced by the total substrate concentration [S] (which is much more easily 

measured in experimental situations). The free enzyme concentration [E]f is given by the 

difference between the total enzyme concentration [E] and the binary complex [ES]. With 

these substitutions Equation 4.19 can be recast as follows:

[E]f = ([E]-[ES])

[S] (4.20)
[ES] = [E]

[S] + K,m

The expression of [ES] is then combined with the velocity expression of Equation 4.14:
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As the concentration of the substrate goes towards infinity, the velocity reaches a 

maximum value defined as Vmax Under these conditions the Km term is a veiy small 

contribution to Equation 4.21. Therefore;

= 1  (4.22)
[S] + [S]

[S]—̂-oo

and Vmax = ^2 [E] (4.23)

Finally, combining this with equation 4.21 an expression very similar to that first described 

by Michaelis and Menten is obtained:

V = = — YzH—  (4.24)
Km+ [S] Km

[S]

The resulting Km has units of molarity, as does [S]. If the experimental system is set up so 

the concentration of substrate exactly matches Km, equation 4.24 is reduced to:

V = ^tnax[S] ^  ^max (4.25)
[S] + [S] "  2

This provides us with a working definition of Km, the Michaelis constant, which is 

inversely proportional to the affinity of the enzyme for the substrate: The Km is the 

substrate concentration that provides a reaction velocity that is half the maximal velocity 

obtained under saturating substrate conditions. An equivalent way of stating this is that 

Km represents the substrate concentration at which half of the enzyme active sites in the 

sample are filled (je saturated) by substrate molecules in the steady state.̂ ^®

The value of Km is constant for a particular enzyme, but varies with different substrates.
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4.3.5 Experimental measurements o f K^: Graphical determination from 
transformed data

The Lineweaver-Burk double reciprocal plot is a means of transforming enzyme kinetic 

data to produce linear plots from which the kinetic constants Vmax and Km can be 

determined simply using graph paper^^^ (Figure 4.5).

Applying the steady state assumption. Equation 4.25 can be rewritten in the following 

form:

V =  V max

1 + [ S ]

(4.26)

The reciprocal of this equation when rearranged gives:

V max max
(4.27)

Comparing Equation 4.25 with the standard equation for a straight line:

y = mx + b (4.28)

where m is the slope and b is the y intercept. We can see that Equation 4.27 is an equation 

for a straight line with slope of kn/Vmax and y intercept of 1/Vmax.

1/v

1/V,

0

siOpe a  K|yj/Vmax

Figure 4.5 A Lineweaver-Burk plot
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4.4 Reversible inhibition

For reversible inhibition the full inhibition is usually obtained extremely rapidly since there

is no chemical reaction involved, there is simply a noncovalent interaction.336

4.4.1 Competitive inhibition

Competitive inhibition refers to the case of the inhibitor binding to the same site on the 

enzyme as the substrate; inhibitor binds exclusively to the free enzyme and not at all to the 

ES binary complex. In this case the inhibitor usually shares some structural commonality 

with the substrate, thus allowing the inhibitor to make similar favourable interactions with 

the groups in the active site.̂ ^®

In its simplest form, reversible competitive inhibition involves equilibria between the

enzyme, its substrate, and the inhibitor:336

E + S

E.I

Ks K
^  E.S cat E + P

In this scheme, Ks is the equilibrium constant for dissociation of the ES complex to the 

free enzyme and the free substrate, Ki is the dissociation constant for the El complex, and 

Kp is the forward rate constant for product formation from the ES complex.

4.4.2 Graphic determination of inhibitor type

The double-reciprocal (or Lineweaver-Burk) plot is useful for presenting inhibition 

patterns. The overlaying double-reciprocal lines carried out at several fixed inhibitor 

concentrations, with intersecting y intercepts, is a pattern typical of a competitive 

inhibitor.T he lines intersect at their y intercepts because a competitive inhibitor does not
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affect the apparent value of Vmax The maximum velocity is unchanged because at very 

high substrate concentrations all inhibitor will be displaced from the enzyme. The slopes of 

the lines, which are given by Kn/Vmax, vary among the lines because of the effect imposed 

on Km by the inhibitor. Km varies with inhibitor concentration and depends on the value of 

Ki for the particular inhibitor.

Increasing concentration 
of inhibitor

No inhibitor

0 0.05 0.10
1/S

Figure 4.6 Competitive inhibition of TPP II activity. 

The influence of Vmax, Km, K, on the initial velocity is given by:

v =
Vmax[S] (4,29)

[S] + 1 + i î l
K,

where v is the velocity in the presence of the inhibitor, [I] is the inhibitor concentration and 

K, is the dissociation constant of El.

4.4.3 Dose-response curves of enzyme inhibition

Bioassays involve the use of a biological tissue to relate the concentration of some 

exogenous substance (drug) to a physiological response. A plot of the signal obtained as a 

function of the drug concentration is referred to as a concentration-effect or dose-response 

curve, as in Figure 4,7. These plots can be conveniently used to follow the effects of an
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inhibitor on the initial velocity of an enzymatic reaction at a fixed concentration of 

substrate.

100

Activity

50

0
log IC50 log inhibitor concentration (juM)

Figure 4.7 Log dose-response curves for drug (a) and drug (b); illustrating different 
pharmacological potencies on inhibition of enzyme activity.

The concentration of inhibitor required to achieve a half-maximal degree of inhibition is 

referred to as the IC50 value (for inhibitor concentration giving 50% inhibition), and the 

equation describing the effect of inhibitor concentration on reaction velocity is as follows:

1

1 +
m

(4.30)

IC50

where Vi is the initial velocity in the presence of inhibitor at concentration [I] and Vo is the 

initial velocity in the absence of inhibitor.

Dose-response plots are widely used for comparing the relative inhibitor potencies of 

multiple compounds for the same enzyme. In a cellular situation, a Ki value cannot be 

rigorously determined because of a lack of knowledge or control over the assay conditions: 

many times in these cases, the only measure of relative inhibitor potency is an IC50 value. 

The Cheng-Prusoff equation^^ links IC50 and Ki as follows:

K i =
IC50

1 +
[S]

(4.31)

K,m
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It is possible to take advantage of the convenience of IC50 measurements and still report 

inhibitor potency in terms of true K, values when the mode of inhibition for a series of 

compounds is known, as well as the values of [S] and Km.

4.5 Biological variation

Studies of the effects of drugs on living systems require careful design because living 

systems display biological variation. No two people are alike, and no two preparations of 

biological tissue can be considered identical either. On top of this, day-to-day variations in 

the experimenter’s technique must be taken into account and repetition of pharmacological 

experiments is therefore essential to enable a more reliable comparison of data.

4.6 In vitro testing

The biochemical characterisation of the new inhibitors in the in vitro assays has enabled us 

to optimise these compounds in terms of potency. The compounds were tested on their 

ability to inhibit TPP II activity (IC50) using 50 pM of the artificial fluorigenic substrate 

Ala-Ala-Phe-4-Methylcoumarin-7-ylamide (AAF-Amc).^®® A consensus of the many 

papers describing fluorescence assays for proteolytic enzymes is that the fluorescent group 

(e.g. Amc) is incorporated at the N-terminal side of the scissile peptide bond of the peptide 

designed. Useful changes in the fluorescence properties of the system under analysis arises 

directly from the hydrolysis of the amide bond and can be utilised to monitor the formation 

of the enzyme-ligand complex photometrically.^^

AAFAmc= Ala-Ala-Phe

23

The phenomenon of fluorescence is the result of an electronic transition, which converts 

the absorbing molecule to an excited electronic state. One means of relaxation back to the 

ground state is by emission of light energy (fluorescence). During the period between
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absorption and emission, the molecule loses some of its energy by vibrational relaxation so 

that the emitted light is of lower energy and consequently higher wavelength than the 

exciting light

Homogenated rat cerebral cortex was used as the enzyme source/^ TPP II is physically 

associated with the membrane of the cell so the method used to extract TPP II from its 

membrane depended on the mode and the strength of the interactions involved During the 

process of tissue or cell disruption, enzyme activity can be lost by a variety of reasons. It 

was therefore essential to consider a strategy to extract as much activity as possible in as 

intact and stable a state as possible (i.e. resembling the native state). It was also important 

to ensure that the measures taken to protect activity did not interfere with the extraction of 

the enzyme or its subsequent assay.

4.6.1 Cerebral membrane preparation

Adult (or 4-day-old) male Wister rats are decapitated, the cerebral cortex dissected out and 

homogenised (Polytron) in 10 vol of 50 mM K2/K phosphate buffer at pH 7.4 containing 

10% glycerol. After 4 rapid centrifugations at 500,000 g, the pellet was washed three times 

in the same buffer and finally recovered in 50 mM K2/K phosphate buffer (pH 7.4) 

containing 10% glycerol, 0.1% Brij 35 and 1 mM dithiothreitol (DTT), at a protein 

concentration of 25 pg/pL.^^^

4.6.2 Fluorimetric enzyme assay

TPP II activity was evaluated in a final volume oflOO pL of K2/K phosphate buffer 

containing 10"* M bestatin, 10*̂  M thiorphan, (these inhibitors were necessary for the 

protection of the tripeptide; AAF) and 0,1% Brij 35, using 50 pM of the artificial 

fluorescent substrate AAF-Amc and 25 pg of membrane proteins. Incubations were 

performed at 37®C during 30 min, and the release of Amc was measured using a microfluor 

reader (Dynatech).*^’̂ ^ When increasing concentrations of inhibitors were added, 

decreasing amounts of Amc were released from which the IC50 was determined. 

Concentration-inhibition curves were established and Ki values were derived from the IC50 

using the Cheng-Prussoff equation^^ (K^ AAF-Amc = 25 pM).*^
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4.7 In Vivo testing

4.7.1 TPP II inhibition by UCL compounds ex vivo in whole organs

Having achieved the initial goal of designing potent TPP II inhibitors, it was important to 

establish whether or not these compounds could access and block the enzyme in an 

intracellular environment The inhibitory dose (ID50) for TPP II inhibition was evaluated ex 

vivo in different tissues; liver, brain, and blood after oral (po.) administration.

These test systems were also well suited to explain the influence that structural 

characteristics of a drug, such as lipophilicity and molecular size, exert on its 

pharmacokinetic behaviour. An estimate of bioavailability was made by continuously 

monitoring the drug effect as a function of time at the tissue sites. Three distinct phases of 

a drug action may be important:^^

• the time for onset of action (latency)

• the time of peak effect

• the duration of action.

Figure 4.8 illustrates these time intervals.

e f f e c t  c o n c e n t r a t i o n

m i n

time

F%ure 4.8 Enzyme inhibition-time curve. The intensity of drug effect parallels the concentration of 
tfie drug at the site of action. (1) is the time to onset of action. Ê ax is tiie maximal 
effect; Interval (2) is the time to peak effect; Interval (3) is the duration of measurable 
effect^

It appears impossible to predict whether a potential drug will work or whether it will be 

safe by in vitro tests alone. Therein lies the importance of animal experiments. The 

experimental procedure for the final in vivo assay was a meal feeding model designed to
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assess appetite suppressant activity of the test compounds. Testing drugs in conscious 

animals is usually the last stage in drug evaluation prior to testing them in humans.

The mouse is probably the most commonly used experimental animal since, it has proven 

to be predictive of activity in humans. It is a uniform easily bred animal, weighing only a 

few grams, requiring little space and an undemanding diet Its short life span (21-27 

months) means it can be used for life span studies and for LDsotype investigations.

4.7.2 Acute effect o f UCL compounds in food deprived mice

Mice (approx. 30-40 animals) weighing 25-30 g and housed in individual cages, were food 

deprived for 20 h but had free access to water. UCL inhibitors were injected intravenously 

(i.v.) or given orally (p.o ). Twenty min later, 0.2 ml of a semi-liquid diet (64% 

carbohydrate, 10% fat, 25% protein) was given orally. Twenty min after the prefeeding, a 

pre-weighed standard food pellet was presented and weighed after 15, 30, 60, 90, 120 and 

210 min later. The results fitted in a log dose-response curve, expressed potency of the 

drug in tenns of an ED50 value (mg/kg).

4.7.3 Chronic effect o f UCL products in mice

If death is the specified effect, the median effective dose, or ED50 is termed the median 

lethal dose, or LD50. The pharmacological profile of a compound is not limited to effects 

that are part of the therapeutic aim, but also covers unwanted actions that might restrict or 

preclude its clinical use. Knowledge of both the pharmacodynamically effective and the 

non-lethal and lethal toxic doses is important in estimating the width of the therapeutic 

window of a compound.^ Any estimation of LD50 in animal experiments cannot be 

extrapolated directly to humans, but have to be taken as relative measures to be used to 

compare compounds with each other.

100

% of mice 
responding

Effect Death

50

0
Log dose
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5. PHARMACOLOGICAL RESULTS AND DISCUSSION

This chapter discusses the results obtained from the pharmacological studies of the 

synthesised compounds. The primary aim was to design molecules that are improvements 

over existing compounds because they are much better absorbed, are less vulnerable to 

metabolism and bind more strongly with the target.

Faced with this challenge a great deal of work, by myself and others, was done to explore 

analogues with additional substituents on the aromatic ring, and compounds in which the 

amide chains were modified. Although our progress was exciting, some of the 

transformations were not trivial or gave unexpected results. Synthetic problems 

experienced included the need to introduce an element of unsaturation at and to add the 

planar acidic heterocycle, tetrazole at P̂ .

5.1 Optimisation of amide side chain at

R’ was replaced by a variety of amide alternatives. The results of those variations are 

shown in Table 5.1

> ^ c o n h r '

1
NH3

Compound K,(nM) *

’UCL 1397-H CH2 CH2 CH2 CH3 7 (S)

’uCL 1413-H CH2 CH2 CH3 6 (S)

♦UCL 1415-H CH2 CH3 1 2 0 (S)

♦UCL 1414-H CH3 340 (S)

* UCL 1925 CH2 CH2 CH2 OH 12.4+ 1.1 (S)

* UCL 1930 CH2 CH2 OCH3 13 + 2.1 (S)
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Compound Ki(nM) *

^UCL 1397-H CH2CH2CH2CH3 7 (S)

* UCL 1941 CH2CH(0H)CH3 43.2 + 8.0 (S)

* UCL 1945 CH2CH2SCH3 14.6 ±0.6 (S)

* UCL 1974 CH2CF3 1 .2  ± 0.1 (S)

* UCL 2002 CH2CF2CF3 8.4 ±1.5 (S)

^UCL 2045 1 0 0 ,0 0 0 (S)

UCL 2050 CHjC^CH 26.6 ± 7.6 (S)

* UCL 2055 CH2CH2CI 1.7±0.3 (S)

UCL 2065 NHCH3 1623 ±600 (S)

UCL 2073 CH2CH=CH2 4.2 ± 0.2 (S)

UCL 2074 C H r < ] 3.0 ±0.3 (S)

UCL2119-F CH(Me>2 14.3 ±2.2 (S)

UCL2124-F CH2CH(Me)2 19 ±2.0 (S)

UCL 2305-F 21.5 ±4.0 (S)

NB. Lower Kj value indicates increased compound potency. * asymmetric carbon 
V Compounds made by Dr. A. Moore; ♦ Compounds made by Dr. B. Leblond;
* Compounds made by Dr. L. Zhao; ^compound made by A. Wong.

Table 5.1
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5.1.1 Alkyl substituents

With the exception of UCL 1413-H the results obtained from the alkylation studies 

demonstrate that as the alkyl group is increased in size from methyl (UCL 1414-H), to 

butyl, (UCL 1397-H), the activity increases. In such series the continuous growth of an 

alkyl chain increases the hydrophobic part of the molecule. The propyl analogue, UCL 

1413-H, showed minimal impact on the activity of the parent compound so was not 

developed further but was later patented.

Alkyl chains that were branched, UCL 1941, UCL 2119-F, and UCL 2124-F reduced 

affinity presumably due to steric reasons, which is in accordance with previous studies on 

proline-based compounds.^^® The cyclopropyl is less bulky than the isopropyl group and 

for a maxima] electron-donor effect showed high potency. These results suggest to 

contribute to a hydrophobic binding that is sterically limited. Therefore substituents that 

are of a similar steric bulk as a 4 carbon or 3 carbon chain may be introduced at P ' without 

loss of activity. Examples include UCL 2073, UCL 2074, and UCL 2055.

5.1.2 Effects of halogénation

In agreement with what is known about the enzyme’s specificity, hydrophobic side chains 

confer high levels of potency as P̂  substituents. For example the lipophilic influence of 

halogen substitution on biological activity can be seen with UCL 2055 and UCL 1974. The 

progressive mono-chloro and tri-fluoro substitutions enhanced the affinity by a factor of

4.1 and 5.8 respectively. This may be because the accumulation of halogen atoms favours 

the passage of the biomembranes and access to the CNS. However more than three 

fluorines resulted in reduced potency UCL 2002.

Replacing CH3 with CF3 makes little difference to the size of the analogue, but has a 

marked effect on its polarity, electronic distribution and bonding. Although molecular 

manipulations were made through consideration of the electronic effects of substituents, 

evidence has subsequently been collected to suggest that conformational effects are 

probably more important. For example the acetylene function (UCL 2050) which should 

fulfil the electronic requirements (electron-attracting) is approximately 4 times less potent 

than the parent compound, possibly by encouraging a different conformation through 

unsaturation. These observations indicate that the CF3 group must provide a further point
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of interaction with the enzyme. The additional binding site is hydrophobic, interacting with 

the CF3 group by van der WaaJs interactions.

5.1.3 Isosteres

The simple CH2 to O to S series of replacements (UCL 1930 and UCL 1945) resulted in a 

2-fold decrease in potency. This suggests that the side chain is not involved in hydrogen 

bonding or dipole-dipole interactions at the P’ site. The reduction in activity seen in 

proceeding with the isosteric exchange of CH3 for OH (UCL 1925) also implies hydrogen 

bond interactions to have no special effect. Moreover the added NH group (UCL 2065) 

failed to achieve the desirable hydrogen bond donor or acceptor interactions with the 

enzyme and a substantial loss of activity is seen.

The electron-attracting effects of the molecule with the cyano function (UCL 2305) is 

comparable to the molecule with the trifluoromethyl functional group (UCL 1974), but the 

loss in lipophilicity resulting from the bioisoteric exchange of CF3 for CN lowers activity. 

Since there is an inverse correlation between potency and hydrophilicity this loss in 

lipophilicity has to be corrected in attaching elsewhere on the molecule a propyl, isopropyl 

or cyclopropyl group.

5.1.4 Chain extension

Special attention was drawn to the compound where the butyl chain is replaced by CH2CF3 

(UCL 1974) since this structural change as we have already seen proves to have significant 

impact on inhibitor potency.

NH

&

Strong
interaction

NH CF.

C Z )
Weak
interaction

RECEPTOR

O  H-bonding binding site 
O Hydrophobic binding site

RECEPTOR

Figure 5.1
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This compound has two important binding groups separated by a single CH2 unit, which 

may not be the ideal length for the best interaction. Therefore, UCL 2002 was made in 

which the chain between CF3 and NH was lengthened. Perhaps by doing so, the two groups 

would interact with their respective binding sites more efficiently. However the analogue 

with an extended link was found to be significantly less potent than UCL 1974 presumably 

due to the CF3 being out of range’ of the binding site. However this finding is somewhat 

surprising, because the modifications made by UCL 2002 re-establishes the electronic 

nature of UCL 2055. There was no point in attempting to shorten the chain because the 

CF3 group can not be directly substituted onto the N of the amide functionality due to 

inherent instability, which results in elimination of HF. The optimum was indeed 

compound UCL 1974.

5.1.5 Rigidification of the chain

Aromatic rings are commonly involved in van der Waals interactions with flat hydrophobic 

regions of the binding site. Early studies on the conformation of butabindide reveals the 

planarity of the indoline ring to have a critical influence on activity.^^® Further 

improvements in potency were, therefore, believed achievable if this bioactive 

conformation could be used in a more rigid molecule.

The rotamers of the butyl side chain interconvert readily simply by internal rotation of a C- 

C or C-N bond. Conformational restrictions of this very flexible substituent were achieved; 

by introduction of a chloro group (UCL 2055), which sterically restricted firee bond 

rotation, by introduction of unsaturation (UCL 2073), which fixed the relative positions of 

the terminal and geminal substituents due to non-rotability of a double bond, or by 

cyclisation (UCL 2074), which fixed the relative position of the substituents exocyclic to 

the cyclopropyl ring. A supplementary advantage in the use of cyclopropyl comes from the 

fact that it can improve peptide stabilisation. This is presumably based on the 

conformational restriction preventing optimum alignment of the peptide at the active site. 

Using the conformational restriction approach we effected an increase in affinity at the 

TPP II active site for two possible reasons; a reduced adverse entropy effect and 

stabilisation of a high energy ‘active’ conformation. In other words for flexible drug 

molecules there is an entropy loss due to the conformational restriction that accompanies 

binding. In the case of rigid analogues however there is no such loss of conformational 

entropy on binding provided they offer a good steric and electrostatic match to the
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receptor. A rigid molecule itself might also result in a better and safer drug if 

rigidification makes it no longer recognised by undesired receptors.

The use of fluorine as an isostere for hydrogen has been highly successful and the level of 

activity seen with the trifluoromethyl analogue, UCL 1974, is completely unprecedented 

for this series of compounds.

UCL 1974 was tested for oral activity in vivo and compared to butabindide, the results are:

Compound LD50 i.v. 
(mg&g)

FORMULA KjnM 1D50P.0
(mg/Kg)

UCL 1397 15

0  1 

0

8.3+ 0.8 Brain: 21+2 
Liver: 1.2+ 0.2 
Blood: 2.9 +1.8

Blood/Brain: 0.14

UCL 1974 50

0  1
^ -N H -^ C F g
0

1.2 ± 0.1 Brain: 4.6 + 0.8 
Liver <0.1 
Blood: 0.6 +_0.1 
Duod: 0.3 +_P.l

Blood/Brain: 0.13

Table 5.2

For drug UCL 1947 the increase of activity in vitro is directly correlated to the results of 

potency in vivo. Both drugs are similarly received into the blood and transported to the 

brain so an improvement in activity is not due to an altered absorption or distribution 

process but may be a result of altered metabolism of UCL 1974 relative to UCL 1397. 

Fluorine is the most electronegative of the halogens and forms particularly stable bonds 

with carbon. The chemical inertia of fluorine explains why CF3 is biostable, whereas CH3 

is easily oxidised to the corresponding alcohol, aldehydes and finally the carboxylic acid. 

As a consequence of the fluoro derivative being more resistant to metabolic degradation it 

persists in the body for longer periods without being converted into potentially toxic 

metabolites despite being rapidly concentrated in the liver (affinity 12 times higher in this 

organ than for UCL 1397).
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5.2 Optimisation of aromatic ring

5.2.1 Position of indoline substituent

Earlier work on ring substitution pattems^^ have, demonstrated that the most potent 

activities are observed with compounds bearing a substituent on positions 4 or 5 of the 

indoline ring. For the series of positional analogues listed in Table 5.3 it is clear the results 

are in agreement with the working hypothesis.

ONHCH.CF

NH

Compound

1.2 +  0.1UCL 1974-H

0.4 ± 0.045-ClUCL 2000

0.56 + 0.14-ClUCL 2034

6-Cl 27.7 ± 9.2UCL 2058

(R/S)6-Cl 98 + 23UCL 2059

ACompounds made by Dr, Lihua Zhao.

Table 5.3

The order of TPP II inhibitor potency is 5 > 4 > H > 6-chloro substituted analogues. The 

effect of different indoline substituents on the TPP II binding affinity is discussed in detail 

in the next section. The 6-substituted analogue (UCL 2058) is much less active than the 

unsubstituted compound (UCL 1974-H) and suggests, that substituents in the indoline-6 

position interfere with the binding of this compound at the TPP II site. Moreover altering 

the substitution pattern from positions 5 and 4 presumably places the essential binding 

groups out of position with respect to their binding sites. We therefore assumed any group 

in the 7-position to also probably have a negative effect on inhibitor activity.
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Figure 5.2 Aromatic substitutions.

5.2.2 Indoline substitutions

In a logical progression of structure modification, the next step involved exploring the 

nature of the substituent required for activity. Focus was placed on the 4 and 5 substituted 

indoline analogues because of their relatively high activities. An eclectic set of substituents 

had been introduced, ranging from alkyl to aromatic and heteroaromatic as well as alkynyls 

(Table 5.4). Many of these compounds proved to be potent and strongly suggested a 

specific drug-receptor interaction at the site.

r 2.:

4

y^CONHCHiCF]

NH3

Compound R^ Ki (nM) *

* UCL 1974 5-H, 4-H 1.2 ± 0.1 (S)

* UCL 2000 5-Cl 0.4 ±0.04 (S)

* UCL 2031 4-F 0.36 + 0.06 (R/S)

* UCL 2034 4-Cl 0.56 + 0.13 (R/S)

UCL 2041 5-MeO 0.7 ±0.2 (R/S)

* UCL 2046 5-OCF3 1.1 ± 0.2 (R/S)
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Compound Kj (nM) *

* UCL 1974 5-H, 4-H L2±0.1 (S)

 ̂ UCL 2078 5-OH 2.8 + 0.2 (R/S)

UCL2101-F 4-Me 13.4 ±1.7 (R/S)

UCL 2102 4-MeO 2.3 ±0.7 (R/S)

*UCL2121-F 5-Cl 87± 10 (R)

*UCL2120-F % 0.17 ±0.01 (S)

* UCL2176-F 39.2 ±3.3 (R/S)

* UCL 2209-F OX 109 ±20 (S)

*UCL 2210 > 10,000 (R)

* UCL 2216-F 5-OS03H 0.61 ±0.08 (R/S)

UCL 2227-F 5-C=CH 4.2 ± 1.3 (R/S)

UCL 2246-F 26.2 ±3.3 (R/S)

UCL 2275-F 8.1 ± 1.6 (R/S)

UCL 2276-F 5-0 SO2CF3 9.4 ±1.4 (R/S)

UCL 2299-F 5-CH;CH=CH2 1.2 ± 0.2 (R/S)

UCL 2300-F 5-HC=CH2 0.7 ±0.1 (R/S)

UCL 2301-F

MeO

21 ±4.0 (R/S)

UCL 2318-F 5-CH2CO2H 6.5 ±2.4 (R/S)

Table 5.4
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* Compounds made by Dr. Lihua Zhao; * compounds made by Dr. Yongjun Chen.

Varying substituents showed that strong electron withdrawing groups such as UCL 2000, 

UCL 2031, UCL 2046 were beneficial to activity. In order to confirm that the activity of 

the substituted analogues reflected the electron withdrawing character of the substituent, 

the 5-OCH3 analogue (UCL 2041) was synthesised and compared to the 5-CF3 derivative 

(UCL 2046). The 5-methoxy substituent would fiilfil any steric requirement at this 

position, being similar in size to OCF3, but since methoxy is ‘electron-donating’ activity 

was not expected. Surprisingly, compound UCL 2102 is equipotent to the parent 

compound. However, since the methoxy group is an electron donor by mesomeric effects it 

was judicious to include a methyl group in our SAR study because methyl and generally all 

alkyl groups, are the only substituents acting by an inductive electron-donating effect. This 

means that methoxy will be a mesomeric donor in basic or neutral medium, and become 

strongly electron-attracting by protonation in the gastric medium (pH-2), while methyl is 

an electron donor in any environment. Subsequently tests with UCL 2101-F showed that a 

strong electron-withdrawing group is obligatory for good activity.

One possible explanation for this could be the effect the aromatic ring has on the basicity 

of the neighbouring nitrogen atom. A strongly electron deficient aromatic ring would pull 

the cyclic nitrogen’s lone pair of electrons into the ring, thus reducing its basicity. This in 

turn might improve the /?Ka of the drug such that it is less easily ionized and is able to pass 

through cell membranes more easily.

( R
h n ; HN

A fluoro substituent on the aromatic ring was better than a chloro, this might be because a 

less electronegative substituent is required to produce the optimum or basicity for 

membrane permeability.

Lipophilicity has no special effect at since polar functionality (UCL 2078) and ionised 

groups (UCL 2318-F, UCL 2216-F) are preferred or tolerated without compromising
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potency. Acidic groups are often highly ionised at physiological pH values so one would 

expect the sulfonic acid derivative to show limited activity owing to its mediocre 

membrane permeability. However UCL 2216 was seen to be about 1 order of magnitude 

more potent than the parent compound. Furthermore the carboxymethyl analogue (UCL 

2318-F) is nearly as potent as UCL 2216-F and represents a reasonable isosteric 

replacement for the sulfonic acid. We postulate therefore that once absorbed the sulfate 

group establishes strong ionic interactions with basic amino acids especially lysine 

contained in the enzyme and that this interaction is equally provided by the organic acid. 

There appeared to be a substantial volume available in the region of the 4- and 5- position 

of the ring as shown when the aromatic ring was extended to naphthyl (UCL 2120-F). 

However anything larger (UCL 2246-F and UCL 2176-F) are not so easily accommodated. 

UCL 2120-F and UCL 2209 can be considered as having the same lipophilicity and very 

similar electronic effects, but the reduced activity of UCL 2209 may have been due to a 

steric effect in position 6 which imposes particular conformations that are unfavourable for 

ligand-receptor interactions. This result therefore emphasises the importance of the 

direction in which the substituent extends.

Butabindide

o
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Butabindide
Extra

 Binding
\  Group

O
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/  Abu \  Group 

CH2CF3 o  R
C >  ^

Extra r  1
Binding 1 R>v! 
Group CONHCH2CF3
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Figure 5.3 Extension of butabindide to provide a third binding group.
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The best candidates from this extension tactic are UCL 2031 and UCL 2120-F. However, 

at this stage, the maximum biological activity of the chemical series is not the only 

parameter of consideration, the selection of the most appropriate species for drug safety is 

also considered

Compound LD50 i-v. 
(m ^ g ) FORMULA KjOM 1D50P.0

(mgKg)

UCL 1974 50

HjhT Ç - N ^
0  â

Ç -N H ^C P 3
G

1.2 ± 0.1 Brain; 4.6 + 0.8 
Liver: <0.1 
Blood: 0.6 + 0.1 
Duod: 0.3±0.1

Blood/Brain: 0.13

UCL 2000 >100
a

HjIvT
0  à

< ^ N H ^ F 3
0

0.4 ±0.04 Brain: 5.1 + 2.1 
Liver 0.02 + 0.003 
Blood: 0.19 + 0.02 
Duod: 0.01+0.016

Blood/Brain: 0.03

UCL 2031 20

G i
C -N H ^ C P 3
6

0.36+^0.06 Brain: 8.9 + 0.2 
Liver 0.04 + 0.002 
Blood: 0.34 + 0.44 
Duod: 0.07 + 0,04

Blood/Brain: 0.04

UCL 2034 20 \  Çr
0  1h

0.5+0.13 Brain: 5.2 +1.4 
Liver 0.033 + 0.001
Blood: 0.44 + 0.27 
Duod: 0.01 ±0.016

Blood/Brain: 0.08

UCL 2041 >100
OMe

H2N"' X —R  y
0  i

C-^SIH.^CP3

0

0.7+ 0.2 Brain: 10.9+̂  1.4 
Liver 0.08 ± 0.01 
Blood: 0,44 + 0.27 
Duod: 0.01 + 0.016

Blood/Brain 0.17
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Compound LD50 i.v. 
( m ^ g ) FORMULA K j n M

BD50 p.o 
(mg)^g)

UCL 2046 100
/ O C F 3

0  1 

0

1.1+ 0.2 Brain: 11.4+1.4 
Liver. 0.08 + 0.01 
Blood: 0.23 + 0.01 
Duod: 0.07 + 0.02

Blood/Brain: 0.02

UCL 2078 >100
O H

H 2 N

0  i
C - N H ^ C F g

0

2.8 + 0.2 Brain: 13.3+3.4 
Liver: O.llJ- 0.01 
Blood: 9.7 + 1.7 
Duod: 0.25-+ 0.11

Blood/Brain: 0.72

UCL 2120-F 50

H2N^’̂ Ç - î O
0  â

Ç -N H ^C Fg
0

0.17 ±0.01 Brain: 11.0 +1.2 
Liver 0.02 + 0.002 
Blood: 0.06 ±0.02 
Duod: 0.015 ±0.001

Blood/Brain: 0.005

Table 5.5

As demonstrated by the derivatives in Table 5.5, the preferred drug substance is UCL 2000 

due to a 3-fold better affinity for the enzyme in vitro as well as a reduced side effect and 

toxicity profile (LD50 >100).

5.2.3 Chiral centers

Chirality is a principle determinant of potency, selectivity and safety of drugs. With regard 

to resolution of our racematic mixtures, we observe an important stereoslectivity. The 

difference in activity between UCL 2000 and UCL 2121 clearly illustrates activity to 

reside almost entirely in the S isomer. The diastereoisomer with the R-configuration at the 

centre bearing the P* amide showed only marginal activity. This comes from the space-
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relationship required for the interaction with the receptor site, which is slightly altered by 

passing from S to R-forms, or vice-versa. Assuming that the S diastereomer establishes a 

four-point interaction with its receptor (a) while the less active R diastereomer, may 

establish only a three point contact (b) due to the loss of hydrophobic and H-bond 

interactions (Figure 5.4), the S diastereisomer achieves the optimal fit to the receptor site in 

exchanging the highest number of noncovalent linkages.

Because both diastereomers are not equally active they may well behave as different 

entities. Only the S diastereomer is going to interact with the receptor and is an excellent 

inhibitor. The R diastereomer at best, floats about the body doing nothing. At worst, it 

interacts with a totally different receptor and results in an undesired effect.

Hydrophobic^ ^  
interaction

HN.

Abu

(3) C t >  Ionic

H-Bond

Donor-acceptor
interactions

interaction

Hydrophobic/ 
interaction

Abu NH

CF.

H-Bond

(b) y - )
Donor-acceptor j^graction 
interactions

R

Figure 5.4 Interaction capacities of the S- and R-diastereomers of UCL 1974.

It is therefore advantageous to administer the single diastereomer (S) rather than the 

racemic mixture. Enantiomerically pure chiral compounds were however not always easily 

accessible.

5.2.4 Poly Substitutions

We found poly substitution of the aromatic ring yielded compounds that were less potent 

than the corresponding mono-substituted derivatives. Occupation of both positions 4 and 5 

at once perhaps prevents the indoline ring adopting the favourable planar conformation as
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found in UCL 2102-F, UCL 2041, UCL 2000 or UCL 2034 probably owing to steric 

hindrance.

4

R I "  I  /rCONHCHjCFj

NH3

Compound X4 X5 X6 Ki (nM) *

UCL 2102 MeO H H 2.3+ 0.7 (R/S)

* UCL 2041 H MeO H 0.7+ 0.2 (R/S)

UCL 2207 MeO MeO H 1.7+ 0.2 (R/S)

UCL 2215 O-CH2-O H 2.6 + 1.1 (R/S)

* UCL 2000 Cl H H 0.4 + 0.04 (S)

* UCL 2034 H Cl H 0.56 + 0.13 (R/S)

* UCL 2144 Cl Cl H 2.5+ 0.2 (R/S)

* UCL 2154 Cl Cl H 1.1 ± 0.1 (S)

* UCL 2155 Cl Cl H 804 ± 228 (R)

* UCL 2156 Cl H Cl 16.2 + 2.8 (S)

 ̂Compounds made by Dr, Lihua Zhao; * compounds made by Dr. Yongjun Chen.

Table 5.6

We were interested to determine whether a compact molecule would be more effective in 

bringing activity to the active molecule than an extended one like UCL 2207. To this end, 

the methylenedioxy analogue 2215 was tested and surprisingly, was found to be essentially 

equipotent to the dimethoxy analogue.
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5.3 Modification of amide side chain at P

Aminobutyric acid proved to be sensitive to structural modification and despite extensive 

structural variations of the side chain none was found to confer high activity at P \ The 

effects of changes at are summarised in Table 5.7.

1> - c o n h r ‘

NH3

Compound 5-R2 R^ Ki (nM) *

UCL 1704 Bu MeO CH2CH3 6 ± 1.0 (S)

UCL 1705 Bu MeO CH2CH3 241 + 17 OVS)

* UCL 1731 Bu MeO CH(Me)2 146+10 (R/S)

* UCL 1732 Bu MeO CH3 26 + 2.0 (R/S)

* UCL 1833 Bu MeO CH3 7.5+ 0.7 (S)

UCL 2147 Bu MeO H 69+16 (R/S)

UCL 2148 Bu MeO CH2CH2CH3 27.3 + 3.4 (R/S)

UCL 2000 CH2CF3 Cl CH2CH3 0.4 + 0.04 (S)

UCL 2152 CH2CF3 Cl CH2CH2CH3 5.3+ 1.0 (R/S)

UCL 2153 CH2CF3 Cl H 2.5 ± 0.3 (S)

UCL 2165 CH2CF3 Cl CH3 1.1 ± 0.1 (R/S)

UCL 2166 CH2CF3 a CH2CH2SCH3 8.6 + 1.9 (R/S)

^UCL 2221 CH2CF3 Cl 193 + 54 (R/S)

 ̂UCL 2247 CH2CF3 Cl CH2CH(0 H)CH3 12.8+ 1.9 (S)
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Compound

UCL 2000

# UCL 2249

CH2CF:

CH2CF3

5-R"

Cl

Cl

R-

CH2CH3

CH2(0 H)CH3

Ki (nM)

0.4 + 0.04

> 300,000

(S)

(R)

UCL 2251 CH2CF3 Cl CH2SH 78.7+ 10.1 (R/S)

UCL 2259 CH2CF3 Cl CH2OCH3 20.8 + 5.0 (S)

^UCL 2261 CH2CF3 Cl CH2OCH3 64.4+13.7 (R/S)

* Compounds made by Dr, Lihua Zhao,  ̂compound made by Paula Gandon.

Table 5.7

5.3.1 Alkyl substituents

Alanine (UCL 1833, UCL 2165) generally provided an inhibitor much more active than the 

corresponding glycine analogue (UCL 2147, UCL 2153) and retained activity of 

aminobutyric acid. For longer hydrocarbon side-chains, however, the positive contribution 

due to dispersion forces and hydrophobic interactions tends to be offset by the loss of 

conformational entropy on binding. This suggests P̂  to contribute to a hydrophobic binding 

that does not act by affecting lipophilicity per se, since lipophilicity increases with 

increasing number of alkyl groups. Branched chains UCL 1731 and UCL 2247 are also 

less potent, as is the aryl group UCL 2221. These results might imply that large 

substituents are too bulky and prevent the drug from binding to the binding site. Although 

compounds with lipophilic substituents at acted as inhibitors none stood out as being 

sufficiently more active than the parent compound. This prompted us to introduce a range 

of polar-substituted alkyl groups as an approach to compounds of reduced lipophilicity. In 

the first of such substitutions to be made was the replacement of the methylene group by 

the isosteric ether linkage (-0-). However the isosteric compounds lead to loss of activity. 

Clearly, there is a tight fit between the Abu residue and its binding site which leaves 

little scope for variation. Although no additional activity has been produced by 

modification of the Abu residue so far, possibilities in this region of the molecule have by 

no means been exhausted.
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5.4 Summary of structure-activity relationships

Our novel substitutions on butabindide permitted us to draw the following conclusions as

important for more potent inhibitors:

• The CF3 appears to confer high affinity at the P* site.

• With respect to the effect of the substituents on the aromatic ring both electron-

releasing and electron-withdrawing groups were found to be favourable or tolerable if 

not too large.

• Derivatization of the aromatic moiety was quite tolerant of variations in lipophilicity.

• The aromatic ring must be 4- or 5- substituted only.

• Removing the substituent or di-substitution resulted in a decrease in activity.

• SAR at P̂  was much more restricted: ethyl was optimum.

• The stereochemistry of the side-group at P‘ is important: only the S isomer was found

to have an inhibitory effect.

UCL 1397-H
K; = T.OnM

Chloro substituent 
in position 5

Exists as 2 diastereoisomers 
(the S-diastereomer being

NH

the more active)

Trifluoro
substituent

NH
Ethyl chain

UCL 2000
Ky = 0.4nM

optimal

It is self evident that any account of drug discovery must be incomplete and certainly only 

a small portion of the total studies made have been described in this chapter. Many avenues 

examined during structure-activity analysis turned out to be ineffective and since, in the 

main, these are not mentioned here, the net effect may be to make the work appear more 

rational and more perceptive than is warranted.
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An important criterion for the usefulness of UCL 2000 is its biological activity after oral 

administration. In other words, the efficacy of UCL 2000 is not determined by its 

pharmacodynamic characteristics alone. It also depends to a large degree on its 

pharmacokinetic properties since pharmacokinetic processes control the rate and the extent 

to which UCL 2000 can reach its site of action (CCKa receptors in the brain or stomach). 

The obvious implications of drug metabolism are an effect on half-life in vivo and the 

production of toxic metabolic products.

5.4.1 Inhibition of TPPII activity in vivo: effect o f UCL 2000

Results gained with oral administration of UCL 2000 are compared to those attained with

injection of butabindide UCL 1397. This is best done by comparing the corresponding

areas under the time-effect curves of both compounds in various parts of the body (Graphs

a-g).
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From such experiments the following was inferred:

There is a certain latent period before the action of UCL 2000 is initiated in the liver, 

blood and brain since the drug must be absorbed through the mucous membrane of the 

gastrointestinal tract and into the bloodstream before it reaches every organ in the 

body. This latent period is commonly seen in humans when (drug) administration is by 

a route remote from the intended site of action. The intravenous route taken by 

butabindide however, bypasses the natural barriers of the body to absorption, and 

therapeutic blood and organ levels are reached almost instantaneously.

Absorption of UCL 2000 is fairly rapid with a peak plasma, liver and duodenum effect 

reached within 30 min. However due to slow penetration of the drug into and out of



Pharmacological Results and Discussion_____________________________________________ 156

brain, the concentration in the brain rises even after the plasma concentration starts to 

fall

• UCL 2000 has a high affinity in the liver, and bloodstream but does not to a 

considerable extent penetrate the brain. TPP II activity inhibition was, on average 15% 

in brain, 90% in liver, 75% in blood and duodenum.

• Although UCL 2000 is rapidly concentrated in the liver it is not affected by a first-pass 

liver metabolism or presystemic biotransformation, sufficient blood levels are obtained 

and prolonged action (bioavailability) when administered orally will lead to good 

compliance.

• Due to enhanced metabolic stability drug response is elicited at lower doses. UCL 2000 

p.o. induced a dose dependent inhibition of food intake with an ED50 of 0.02 mg/kg and 

a maximal effect of 25%.

In many ways the metabolic properties of UCL 2000 looks to have turned out to be very 

compatible with the needs and demands of an oral therapeutic.

5.4.2 Binding o f UCL 2000 on proteins

Free diffusion of a molecule to its target site is limited not only by membrane barriers but 

also by its interaction with endogenous macromolecules other than its binding site. 

Significant binding to such macromolecules, such as plasma proteins, can influence the 

overall pharmokinetic fate.

• A similar binding of UCL 2000 (around 50%) was observed as evaluated by the Ki 

determination in the absence and presence of human serum albumine (HSA) 40g/l 

(HSA accounts for about 60% of all plasma proteins). Levels of the free drug in the 

blood supply (which determines the pharmacologic effect) remained unchanged (not 

shown).

Conclusion. In this chapter we have described the ideas leading to the synthesis of UCL 

2000 and some of the approaches we adopted towards the discovery of novel TPP II 

inhibitors. UCL 2000 is the best compound so far. 18 times more potent in vitro than 

butabindide and sufficiently active to be given orally, it has been selected for further 

pharmacological evaluation and shows promise as a much needed, effective therapy for 

obesity.
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6. EXPERIMENTAL

6.1 General

Unless otherwise stated reactions were run in oven-dried round-bottom flasks under a 

positive pressure of ultrahigh purity nitrogen and transfers of liquids were carried out with 

nitrogen-flushed syringes. Starting materials and solvents used were of commercial quality 

and were purchased from Aldrich Chemical Co., Lancaster Synthesis, BDH or Merck. The 

following solvents and reagents were distilled from the indicated drying agent under argon: 

Tetrahydrofuran (THF) from sodium-benzophenone just prior to its use, and toluene from 

calcium hydride and triethylamine from potassium hydroxide, and methanol from 

magnesium turnings. (DMF) was dried over molecular sieves (4 A) for at least 3 days. All 

other solvents and reagents were used as received without further purification. BOPCl was 

stored in a vacuum desiccator over phosphorus pentoxide prior to use. Unless otherwise 

indicated all yields given herein refer to isolated, pure product.

Melting points (mp) were determined on an Electrothermal melting point apparatus, in 

open capillary tubes and are uncorrected. Infrared spectra (IR) were recorded on a Perkin- 

Elmer 1605 FT-IR spectrometer using KBr discs. Vibrational frequencies are given in 

wave numbers ( cm'^). The intensity of the absorption is; s = strong, m = medium, w = 

weak.

Electron impact (EI-MS), fast atom bombardment (FAB-MS), electrospray (ES-MS) and 

atmospheric pressure chemical ionisation (APCI-MS) mass spectra were performed by the 

mass spectrometry service at University College London on a VG 7070 (El), VG ZAB-SE 

(FAB) or Micromass Quattro LC (ES and APCI) mass spectrometer. The matrix used is 3- 

nitrobenzyl alcohol (MNOBA) with sodium iodide (Nal) added in some cases. The values 

given refer to the mass-to-charge ratio and the relative abundance (%) of the ions.

Proton Nuclear Magnetic Resonance (*H NMR) spectra were recorded on a Varian VXR- 

400 and a Bruker DRX 500 instrument operating at 400 and 500 MHz respectively in 

CDCI3 or DMSO-t^/DiO, NMR spectra were recorded at 100 MHz on a Varian VXR- 

400 instrument. In all cases the chemical shifts (5) are expressed in parts per million (ppm) 

and referenced to tetramethylsilane (TMS, 5 = 0) as the internal standard. NMR data are
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reported in the following order: multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, 

multiplet), number of protons and coupling constant (J value) measured in Hertz (Hz),

Elemental analysis was carried out by the Microanalysis service at University College 

London on a Perkin Elmer 2400 CHN elemental analyser. Compounds were dried under 

vacuum (0.1-1 Torr) at room temperature for a minimum of 24 hours prior to submission 

for analysis. All compounds were within 0.4% of theoretical values for the formula given.

Analytical High Performance Liquid Chromatography (HPLC) was carried out on a 

Shimadzu or Gilson HPLC apparatus fitted with a Kromasil Cig 5)mn reversed phase 

column (250 x 4.6 mm), at a flow rate of Iml/min using a UV 254 nm detector. The 

retention time (Rt) is given in minutes and decimal subdivisions. Preparative HPLC was 

carried out on a Gilson HPLC apparatus equipped with a Kromasil Cig 5pm reversed phase 

column (250 x 22 mm), at a flow rate of 18 ml/min using a UV detector set at 254 nm. In 

both cases the mobile phase consists of a mixture of water (A) and methanol (B), with 

added 0.1% trifluoroacetic acid (TFA). The ratio of A:B is indicated in the appropriate 

section. Column chromatography for routine purification of reaction products was carried 

out on flash grade silica gel (Merck Kieselgel 60, 70-230 mesh) employing the solvents 

indicated. Thin layer chromatography (TLC) was conducted with Merck Kieselgel 60F- 

254 pre-coated aluminium or glass-backed plates; visualized with ultraviolet light (254 

nm) or permanganate developer solution (potassium permanganate (3 g), potassium 

carbonate (20 g), 5% aqueous sodium hydroxide (5 ml) and water (300 ml) and subsequent 

charring, as appropriate.
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6.2 Syntheses

lndoline-2(S)-carboxylic acid methyl ester (32)

A solution of indoline-2(S)-carboxylic acid (31) (5.00 g, 30.6 mmol) and 4-toluenesulfonic 

acid monohydrate (17.48 g, 91.9 mmol) in methanol (150 ml) was heated to reflux for 24 h 

under a nitrogen atmosphere. The disappearance of starting material was monitored by 

TLC. Most of the solvent was then removed under reduced pressure, and the residue was 

partitioned between ethyl acetate (200 ml) and saturated sodium carbonate (100 ml). The 

layers were separated and the aqueous phase was extracted with ethyl acetate (3 x 100 ml). 

The combined organic extracts were dried over anhydrous magnesium sulphate, and 

concentrated under vacuum. The resulting brown-yellow viscous oil solidified at room 

temperature upon standing and was used in the next step without further purification (4.75 

g, 87% yield).

'HNMR(400 MHz, CDCI3)

MS(FAB)m/z(%)

7.12 (m, 2H. H7 H« of indoline); 6.79 (m, 2H, H5 R , 

of indoline); 4.44 (d,d, Ji = 8.5 Hz, J2 = 1.6 Hz, IH, 

%  of indoline); 3.75 (s, 3H, OCH3); 3.41 (m, 2H, 2 x 

H3 of indoline)

177 (100%) [MH]+; 162 (39%) [M-CHj]'"; 146 (12%) 

[M-OCHjf; 118 (12%) [M-CO2CH3]

1-(N-t-Butoxycarbonyl-2(S)-aniinobutyryl)-lndoline-2(S)-carboxylic acid 
methyl ester (33)

NHBoc
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Diisopropylcarbodiimide (4.96 ml, 32.0 mmol) was added under nitrogen to a stirred 

solution of indoline-2(S)-carboxylic acid methyl ester (32) (4.72 g, 26.6 mmol) and N-t- 

butoxycarbonyl-2(S)-aminobutyric acid (43) (5.94 g, 29.2 mmol) in dry dichloromethane 

(15 ml), at 10°C. The cooling bath was then removed and the mixture stirred for 24 h. The 

solution was poured into water and extracted with diethylether ( 3 x 1 5  ml). The organic 

extracts were combined and dried over anhydrous sodium sulphate. Removal of the solvent 

under reduced pressure gave the crude product which was purified by flash 

chromatography on silica gel (dichloromethane-diethylether, 95:5) to afford a white foam 

(5.10 g, 53%).

'HNMR(400 MHz, CDCI3)

MS(FAB)m/z(%)

8.27 (d, J = 8.0 Hz, IH, H7 of indoline); 7.27-7.10 

(m, 3H, H« Hs t t ,  o f indoline); 5.49-5.28 (d,d, J = 9.2 

Hz, J = 4.0 Hz, IH, H2 of indoline); 5.03 (d, IH, NH 

of Abu); 4.41 (m, IH, CH of Abu); 3.77 (2s, 3H, 

OCH3); 3.68-3.39 (m, 2H, 2 x Hj of indoline); 1.89 

(m, 2H, C H io f Abu); 1.50 (s, 9H, /-Bu), 1.15-1.03 

(2t, J = 7.4 Hz, 3H, CH3 of Abu)

363 (37%) [MH|+; 306 (47%) [M-C(CH3) j f  ; 262 

(39%) [M-C02C(CH3)3]*; 177 (39%) [M-Abu]^; 118 

(57%) [indolinef

1 -(N-Carbobenzyloxy-2(S)-aminobutyryl)-indoline-2(S)-carboxylie acid 
methyl ester (34)

NHCbz

Diisopropylcarbodiimide (3.45 ml, 22.2 mmol) was added under nitrogen to a stirred 

solution of indoline-2(S)-carboxylic acid methyl ester (32) (3.53 g, 19.9 mmol) and N- 

carbobenzyloxy-2(S)-aminobutyric acid (5.19 g, 21.8 mmol) in dry dichloromethane (15
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ml), at 10®C. The cooling bath was then removed and the mixture stirred for 24 h. The 

solution was poured into water and extracted with diethylether (3 x 15 ml). The organic 

extracts were combined and dried over anhydrous sodium sulphate. Removal of the solvent 

under reduced pressure gave the crude product which was purified by flash 

chromatography on silica gel (petroleum spirit-ethyl acetate, 3:1) to afford a fluffy white 

powder (2.32 g, 29 %).

'HNMR (400 MHz, CDClj)

MS(FAB)m/z(%)

8.28 (d, J = 7.8 Hz, 0.5H, NH of Abu); 7.43 (m, 9H, 

H, H* H; H , of indoline and OCHzCgH;); 5.74 (2d, J 

= 8.0 Hz, 0.6H, NH of Abu); 5.29 (m, 3H, CH of 

Abu and OCHiQHs); 4.48 (m, IH, Hz of indoline); 

3.77 (2s, 3H, OCHj); 3.66 (m, 2H, 2 x Hs of 

indoline); 1.83 (m, 2H, CHz of Abu); 1.15 (2t, J = 7.3 

Hz, 3H, CHs of Abu)

397 (13%) [MH]^; 365 (2%) [M-OCHsf; 290 (2%) 

[M-OCHzCeHsf; 177 (38%) [M-Abu]^; 118 (37%) 

[CéHsCHzCHN]'"; 91 (100%) [CgHsCHj

1 -(N-t-Butoxycarbonyl-2(S)-ammobutyryl)-indoline-2(S)-carboxylic acid (35)

NHBoc

To a solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyryl)-indoline-2(S)-carboxylic acid 

methyl ester (33) (2.50 g, 6.8 mmol) in methanol (50 ml) cooled by an ice/water bath was 

added sodium hydroxide (0.30 g, 6.4 mmol) in water (3 ml). The reaction mixture was 

stirred at 5-10°C for 5 h until disappearance of the starting ester. The mixture was then 

poured into dichloromethane (300 ml), and washed successively with saturated potassium 

hydrogen sulphate (3 x 100 ml), and water (150 ml). The layers were separated and the
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organic portion dried over anhydrous sodium sulphate, and concentrated in vacuo to afford 

a white foam which was used in the next step without purification (2.40 g, 92 %).

'HNMR (400 MHz, d«-DMSO)

MS(FAB)m/z(%)

8.07 (d, J = 8.1 Hz, IH, H , of indoline); 7.25 (4  J =

8.0 Hz, IH, B , of indoline); 7.19 (t, J = 8.0 Hz, 

1H,H* o f indoline); 6.99 (t, J = 7.9 Hz, IH, Hs of 

indoline); 5.49-5.28 (m, IH, H2 of indoline); 5.03 (hr 

s, IH, NH of Abu); 4.41 (m, IH, CH of Abu); 3.66 

(m, 2H, 2 X H3 of indoline); 1.90 (m, 2H, CH2 of 

Abu); 1.32 (s, 9H, f-Bu); 1.18 (t, J = 7.2 Hz, 3H, CH3 

of Abu)

349 (2%) [MH]""; 371 (100%) [M+Na]^; 292 (24%) 

[M-C(CH3)3]+; 248 (5%) [M-C02C(CH3)3]^; 163 

(5%) [M-Abu]^; 118 (23%) [indoline]^

1-(N-Carbobenzyloxy-2(S)-aminobutyryl)-indoline-2(S)-carboxylic acid (36)

NHCbz

To a solution of l-(N-carbobenzyloxy-2(S)-aminobutyryl)-indoline-2(S)-carboxylic acid 

methyl ester (34) (2.32 g, 5.8 mmol) in methanol (100 ml) cooled by an ice-water bath was 

added sodium hydroxide (0.26 g, 6.4 mmol) in water (3 ml). The reaction mixture was 

stirred at 5-10°C for 5 h until disappearance of the starting ester. The mixture was then 

diluted with dichloromethane (300 ml), and washed successively with saturated potassium 

hydrogen sulphate solution (3 x 100 ml), and water (150 ml). The layers were separated 

and the organic portion dried over anhydrous sodium sulphate and concentrated in vacuo to 

afford a white foam which was used in the next step without purification (1.82 g, 81 %).
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'HNMR (400 MHz, d^-DMSO)

MS(FAB)m/z(%)

8.28 (d, J = 7.9 Hz, NH of Abu); 7.45 (m, 9H, H, Hj 

H; H , of indoline and OCH^CtH,); 5.99 (2d, J = 8.9 

Hz, IH, NH of Abu); 5.38 (m, 3H, H; of indoline and 

CHzQH;); 4.70 (m, IH, CH of Abu); 3.85 (m,br, 

>2H, 2 X H3 of indoline and OH); 2.11 (m, 2H, CH: 

of Abu); 1.22 (m, 3H, CHj of Abu)

383 (34%) [MH]^; 162 (16%) [M-Abu]*; 118 (28%) 

[C6H5CH2CHN]*; 91 (100%) [QHsCHîf

N-t-Butoxycarbonyl-2(S)-aminobutyric acid (43)

OH

A solution of sodium carbonate (5.14 g, 0.4 mmol) in water (50 ml) was added to a stirred 

suspension of aminobutyric acid (5.0 g, 0.48 mmol) in 1:1 aqueous 1,4-dioxane (100 ml) 

cooled to 5®C. Di-tert butyldicarbonate (11.65 g, 0.53 mmol) was then added and the 

reaction mixture stirred at ambient temperature for 30 min. The solution was concentrated 

under reduced pressure to approx. 15 ml and cooled in ice/water. Ethyl acetate (50 ml) was 

then added and the reaction mixture acidified to pH 2-3 with IM solution of potassium 

hydrogen sulphate (30 ml). The layers were separated, and the aqueous portion was 

extracted with ethyl acetate (3 x 25 ml). The combined extracts were then washed with 

water (2 x 25 ml), dried over anhydrous sodium sulphate and concentrated in vacuo. The 

resulting semi-solid (6.99 g, 70%) was dried at room temperature under high vaccum over 

2 days.

'HNMR (400 MHz, CDClj)

MS(FAB)m/z(%)

5.11 (d, IH, NH of Abu); 4.34 (m, IH, CH of Abu);

2.0 (m, 2H, CHz of Abu); 1.45 (s, 9H, 'Bu); 1.09 (m, 

3H, CH] of Abu)

175 (87%) [MH]"̂ ; 102 (45%) [M-CCX:(CH3)3]
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1 -(N-t-Butoxycarbonyl-2(S)-aminobutyryl)- indoline-2(S)>carboxylic acid 
(isobutyl)amide (60)

Me

Me

NHBoc

A solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyryl)-indoline-2(S)-carboxylic acid 

(35) (0,29 g, 0.8 mmol) and isobutylamine (0.16 ml, 1.6 mmol) in dry dichloromethane (3 

ml) was purged thoroughly with nitrogen and then cooled to 0®C. After 30 min 

triethylamine (0.46 ml, 3.3 mmol) was added followed by the addition of bis(2-oxo-3- 

oxazolidinyl)phosphinic chloride (0.42 g, 1.6 mmol) at the same temperature. The cooling 

bath was removed and the reaction mixture stirred for 24 h, then filtered through a pad of 

celite. The filtrate was diluted with dichloromethane and washed with saturated sodium 

hydrogen carbonate, dried over anhydrous sodium sulphate and concentrated in vacuo. The 

crude residue was purified by flash chromatography on silica gel (petroleum spirit-ethyl 

acetate, 7:3) to yield the title compound. The product was further purified by preparative 

reversed-phase HPLC eluting with 75:25 methanol-water at 2.5 ml/min. The major peak at

9.5 min was collected to give a white solid (0.22 g, 67 %).

Melting point 

*HNMR(400 MHz, CDClj)

M S (F A B )m /z (% )

127-128°C

8.10-7.32 (m, 4H, H7 H< Hs H4 of indoline), 5.39 (m, 

2H, NH of Abu and Hj of indoline), 4.16-3.59 (m, 

4H, CH of Abu, 2 X Hj of indoline and 

CH2CH(CHj)2), 2.04 (m, 3H, CH2CH(CHj)2 and 

CH2 of Abu), 1.5 (s, 9H, /-Bu), 1.21 (m, 3H, CHj of 

Abu); 0.93 (m, 6H, CH(CHj)2)

404 (6%) 426 (16%) [M+Na]^; 347 (13%)

[M-C(CHj)3]^; 304 (100%) [M-C02C(CHj)j]^; 287 

(13%) [M- NHC02C(CH3)jf ;  218 (81%) [M-Abu]*; 

118 (4%) [indoline]^
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1 -(N-t-Butoxycarbonyl-2(S)-aminobutyryl)- indoIine-2(S)-carboxylic acid 
(isopropyl)amide (61)

Me
€ONHCH

Me

NHBoc

A solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyTyl)-mdoline-2(S)-carboxylic acid 

(35) (0.20 g, 5.7 mmol) and isopropylamine (0.09 ml, 1.1 mmol) in dry dichloromethane (5 

ml) was purged thoroughly with nitrogen and then cooled to 0®C. After 30 min 

triethylamine (0.32 ml, 2.2 mmol) was added followed by the addition of bis(2-oxo-3- 

oxazolidinyl)phosphinic chloride (0.29 g, 1.1 mmol) at the same temperature. The cooling 

bath was removed and the reaction mixture stirred for 24 h, then filtered through a pad of 

celite. The filtrate was diluted with dichloromethane and washed with saturated sodium 

hydrogen carbonate, dried over anhydrous sodium sulphate and concentrated in vacuo. The 

crude residue was purified by flash chromatography on silica gel (petroleum spirit-ethyl 

acetate, 7:3) to yield the title compound. The product was further purified by preparative 

reversed-phase HPLC eluting with 75:25 methanol-water at 2.5 ml/mia The major peak at

5.5 min was collected to give a white solid (0.14 g, 67 %).

Melting point

'HNMR (400 MHz. CDCI3)

M S (F A B )m /z (% )

122-125°C

8.13-7.31 (m, 4H, H7H6 H5 BL* of indoline); 5.43 (m, 

2H, NH of Abu and %  of indoline); 4.16 (m, 2H, 2 x 

H3 of indoline); 3.62 (m, 2H, CH of Abu and 

CH(CH3)2); 2.05 (m, 2H, CHj of Abu); 1.45 (s, 9H, 

r-Bu); 1.30 (2d, J = 6.4 Hz, J = 6.8 Hz, 6H, 

CH(CH3)2); 1.19 (m, 3H, CHjof Abu);

390 (8%) [MH]^; 413 (12%) [M+Na]^; 332 (13%) 

[MC(CH3)3]'’; 289 (100%) [M COi^CH,),]^; 274 

(16%) [M-NHC02C(CH3)3f; 204 (85%) [M-Abuf; 

118(5%)[indolmef
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1 >(N<t-Butoxycarbonyl-2(S)-aminobutyryl)- indoline-2(S)-carboxylic acid-(N 
cyclopropyl methyl)amide (62)

NHBoc

A solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyryl)-indoline-2(S)-carboxylic acid 

(35) (0.30 g, 8.2 mmol) and aminomethyl cylopropane hydrochloride salt (0.26 g, 2.4 

mmol) in dry dichloromethane (10 ml) was purged thoroughly with nitrogen and then 

cooled to 0°C. After 30 min triethylamine (1.03 ml, 7.4 mmol) was added followed by the 

addition of bis(2-oxo-3-oxazolidinyl)phosphinic chloride (0.63 g, 2.4 mmol) at the same 

temperature. The cooling bath was then removed and the mixture stirred for 24 h, then 

filtered through a pad of celite. The filtrate was diluted with dichloromethane and washed 

with saturated sodium hydrogen carbonate, dried over anhydrous sodium sulphate and 

concentrated in vacuo. The crude residue was purified by flash chromatography on silica 

gel (dichloromethane-ethylacetate, 8:2) to yield an oil. The product was further purified by 

preparative reversed-phase HPLC eluting with 75:25 methanol-water at 2.5 ml/min. The 

major peak at 6.1 min was collected to give a white solid (0.22 g, 40 %).

Melting point

‘HNMR (400 MHz, CDCI3)

M S (FAB) m /z (%)

119-12rC

8.25-7.35 (m, 4H, HyBU Hs H4 of indoline); 5.49 (m, 

IH, Hz of indoline and NH of Abu); 4.21 (m, IH, 

CH of Abu); 3.60 (m, 4H, CONHCHz and 2 x Hj of 

indoline); 2.08 (m, 2H, CHz of Abu); 1,50 (s, 9H, t- 

Bu); 1.19 (m, 3H, CHj of Abu and and CH of 

cyclopropyl) 0.51-0.19 (m, 4H, 2 x CHz of 

cyclopropyl)

436 (100%) [MH]^; 459 (36%) [M+Na]*; 250 (60) 

[M-Abu]*; 118 (52%) [indolinef; 91 (12%) 

[CsHjCHif
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1 -(N-t-Butoxycarbonyl-2(S)-aminobutyryl)- indoline-2(S)-carboxylic acid-(N- 
allyl)amide (63)

tONHCH,CH=CH

NHBoc

A solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyryl)-indolme-2(S)-carboxylic acid 

(35) (0.20 g, 0.5 mmol) and dried (seives) allylamine (0.08 ml, 1.0 mmol) in diy 

dichloromethane (10 ml) was purged thoroughly with nitrogen and then cooled to 0°C. 

After 30 min triethylamine (0.31 ml, 2.0 mmol) was added followed by the addition of 

bis(2-oxo-3-oxazolidinyl)phosphinic chloride (0.29 g, 1.0 mmol) at the same temperature. 

The cooling bath was then removed and the mixture stirred for 24 h, then filtered through a 

pad of celite. The filtrate was diluted with dichloromethane and washed with saturated 

sodium hydrogen carbonate, dried over anhydrous sodium sulphate and concentrated in 

vacuo. The crude residue was purified by preparative reversed-phase HPLC eluting with 

70:30 methanol-water at 2.5 ml/min. The major peak at 14.2 min was collected to give a 

white solid (0.31 g, 76 %).

Melting point

‘HNMR (400 MHz, CDCU)

MS(FAB)m/z(%)

I41-143°C

8.16-7.42 (m, 4H, H7H6 Hs BU of indoline); 5.74 (m, 

IH, CH2CH=CH2); 5.42 (m, 3H, CH2CH=CH2 and 

H2 of indoline); 4.20 (m, IH, CH of Abu); 3.96 (m, 

4H, CH2CH=CH2 and 2 x H3 of indoline); 2.08 (m, 

2H, CH2 of Abu); 1.51 (s, 9H, /-Bu); 1.20 (t, J = 7.2 

H z,3H,CH3 0fAbu)

388 (20%) [MH] '̂; 331 (7%) [M-C(CH3>3] ;̂ 287 

(21%) [M-C02C(CH3)3]‘'; 202 (58%) [M-Abu]*; 117 

(100%) [indolinef ; 57 (32%) [€(013)3]“



Experimental 168

1 -(N-t-Butoxycarbonyl-2(S)-aminobutyryl)- indoline-2(S)-carboxylic acid 
(propargyl)amide (64)

tO N H C H ,C =C H

NHBoc

A solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyryl)-mdoline-2(S)-carboxylic acid 

(35) (0,38 g, l.Ommol) and propargylamine hydrochloride salt (0.19 g, 2.1 mmol) in diy 

dichloromethane (10 ml) was purged thoroughly with nitrogen and then cooled to 0°C. 

After 30 min triethylamine (0.59 ml, 4.2 mmol) was added followed by the addition of 

bis(2-oxo-3-oxazolidinyl)phosphinic chloride (0.53 g, 2.1 mmol) at the same temperature. 

The cooling bath was removed and the reaction mixture stirred for 24 h, then filtered 

through a pad of celite. The filtrate was diluted with dichloromethane and washed with 

saturated sodium hydrogen carbonate, dried over anhydrous sodium: sulphate and 

concentrated in vacuo. The crude residue was purified by flash chromatography on silica 

gel (dichloromethane-ethyl acetate, 8:2) to yield an oil (0.30 g). The product was further 

purified by preparative reversed-phase HPLC eluting with 68:32 methanol-water at 2.5 

ml/mia The major peak at 6.34 min was collected to give a white solid (0.27 g, 66 %).

Melting point

‘HNMR (400 MHz, CDCI3)

M S (F A B )m /z (% )

142-146»C

8.12-7.32 (m, 4H, H jH j Hj H , of indoline); 5.44 (m, 

2H, H2 of indoline and NH of Abu); 4.15 (m, 3H, 

CONHCH2 and CH of Abu); 3.64 (m, 2H, 2 x H3 of 

indoline); 2.22 (m, 3H, CH2 of Abu and CH of 

acetylene); 1.53 (s, 9H, /-Bu); 1.20 (m, 3H, CH3 of 

Abu)

386 (27%) [MH]^; 329 (13%) [M-C(CH3)3]‘̂ ; 285 

(16%) [M-C02C(CH3)3] ;̂ 200 (39%) [M-Abuf; 118 

(100%) [indolinef
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1 >(N-t-Butoxycarbonyl-2(S)-aminobutyryl)- indoiine-2(S)-carboxyiic acid 
(cyanomethyf)amlde (65)

tONHCHoC— N

NHBoc

A solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyryl)-indoline-2(S)-carboxylic acid 

(35) (0.38 g, 1,0 mmol) and aminoacetonitrile bisulfate (0.45 g, 2.9 mmol) in diy 

dichloromethane (15 ml) was purged thoroughly with nitrogen and then cooled to 0°C. 

After 30 min triethylamine (1,24 ml, 8.9 mmol) was added followed by the addition of 

bis(2-oxo-3-oxazolidinyl)phosphinic chloride (0.75 g, 2.9 nrniol) at the same temperature. 

The cooling bath was removed and the reaction mixture stirred for 24 h, then filtered 

through a pad of celite. The filtrate was diluted with dichloromethane and washed with 

saturated sodium hydrogen carbonate, dried over anhydrous sodium sulphate and 

concentrated in vacuo. The crude residue was purified by flash chromatography on silica 

gel (dichloromethane-ethyl acetate, 8:2) to yield the title compound. The product was 

further purified by preparative reversed-phase HPLC eluting with 70:30 methanol-water at

2.5 ml/min. The major peak at 6.3 min was collected to give a white solid (50 mg, 13 %).

Melting point

'HNMR (400 MHz, CDCI3)

M S (F A B )m /z (% )

l l l - l lS 'C

8.12 (d, IH, J = 8.0 Hz, H7 of indoline); 7.26 (m, 3H, 

H6 Hs H4 indoline); 5.33 (m, 2H, NH of Abu and Hz 

of indoline); 4.21 (m, 3H, CH of Abu and 2 x Hj of 

indoline); 3.68 (m, 2H, CHz of cyano-methyl); 1.97 

(m, 2H, CHz of Abu); 1.53 (2s, 9H, /-Bu); 1.14 (m, 

3H, CHs of Abu)

387 (32%) [MH]+; 409 (18%) [M+Na]"; 330 (50%) 

[MC(CH3)3f; 286 (33%) [M-C02C(CH3)3]^; 200 

(56%) [M-Abu.CONHCHaCN]''
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1 -(N-t-Butoxycarbonyl-2(S)-aminobutyryl)> indoline-2(S)-carboxylic acid-(2- 
methyl hydrazide) (66)

CONHNHMe

NHBoc

l-(N-t-butoxycarbonyl-2(S)-aminobutyryl)-indoline-2(S)-carboxylic acid methyl ester (35) 
(0.50 g, l.Bmmol) was dissolved in methyl hydrazine (10.0 ml), and stirred at room 

temperature for 24 h. The solvent was then evaporated under reduced pressure to give a 

residue, which was purified by preparative reversed-phase HPLC eluting with 60:40 

methanol-water at 2.5 ml/min. The major peak at 10.9 min was collected to give a white 

solid (0.63 g, 60 %).

Melting point

’HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

123-127“C •:

8.18 (d, IH, J = 8.2 Hz, H? of indoline); 7.36 (m,

3H, Ht Hs a .  indoline); 5.54-5.01 (m, 2H, NH of 

Abu and H2 of indoline); 4.24 (m, IH, CH of Abu),

3.71 (m, 2H, 2 X H3 of indoline); 2.77 (s, 3H, 

NHCHj); 2.06 (m, 2H, CHj of Abu); 1.60 (s, 9H, t- 

Bu); 1.23 (m, 3H, CHj of Abu)

377 (23%) [MH]^; 320 (13%) [M-CXCHsjs]"̂ ; 275 

(16%) [M-C02C(CH3)3]'̂ ; 191 (39%) [M-Abu]^; 118 

(100%) [indoline]^

1-(N-Carbobenzyloxy-2(S)-aminobutyryl)- indoline-2(S)-carboxylic acid 
(butyl)amlde (67)
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tONHBü

NHCbz

A solution of l-(N-carbobenzyloxy-2(S)-aminobutyryl)-indoline-2{S)-carboxylic acid (36) 

(0.30 g, 0.8 mmol) and butylamine (0.16 ml, 1.7 mmol) in diy dichloromethane (15 ml) 

was purged thoroughly with nitrogen arid cooled to 0°C by an ice/salt bath. After 30 min 

triethylamine (0.48 ml, 3.4 mmol) was added followed by addition of bis(2-oxo-3- 

oxazolidinyl)phosphinic chloride (0.43 g, 1.7 mmol) at the same temperature. The cooling 

bath was removed and the reaction mixture stirred for 24 h, then filtered through a pad of 

celite. The filtrate was diluted with dichloromethane and washed with saturated sodium 

hydrogen carbonate, dried over anhydrous sodium sulphate and concentrated in vacuo. The 

crude residue was purified by flash chromatography on silica gel (dichloromethane-ethyl 

acetate, 8:2) to yield the title compound. The product was further purified by preparative 

reversed-phase HPLC eluting with 75:25 methanol-water at 2.5 ml/min. The major peak at

11.2 min was collected to give a white solid (0.20 g, 57%).

'HNMR (400 MHz, CDCb)

MS(FAB)m/z(%)

8.18 (m, IH, Ht of indoline); 7.40 (m, 8H, H« Hs H4 

of indoline and OCHiCeHs); 5.67 (m, 2H, NH of Abu 

and H2 of indoline,); 3.58 (m, 4H, H2 of indoline, 

OCH2C6H5 and CH of Abu); 3.24 (m, 3H, H3 of 

indoline and CONHCH2); 2.09 (m, 2H, CH2 of Abu); 

1.45 (m, 4H, 2 X CH2 of Butyl); 1.12 (m, 6H, CH3 of 

Abu and CH3 of Butyl)

437 (53%) [MH]+; 217 (50%) [M-Abnf
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1-(N-Carbobenzyloxy-2(S)-aminobutyryl)-indoline-2(S)-carboxylic acid 

(2,2,2-trlfluoroethyl)amide (68)

NHCbz

A solution of l-(N-carbobenzyloxy-2(S)-aminobutyryl)-indoline-2(S)-carboxylic acid (36) 

(0.32 g, 1.0 mmol) and 2^^-trifluoroethylamine hydrochloride salt (0.40 g, 3.0 mmol) in 

dry dichloromethane (15 ml) was purged thoroughly with nitrogen and cooled to 0®C by an 

ice/salt bath. After 30 min triethylamine (1.25 ml, 9.0 mmol) was added followed by 

addition of bis(2-oxo-3-oxazolidinyl)phosphinic chloride (0.76 g, 3.0 mmol) at the same 

temperature. The cooling bath was removed and the reaction mixture stirred for 24 h, then 

filtered through a pad of celite. The filtrate was diluted with dichloromethane and washed 

with saturated sodium hydrogen carbonate, dried over anhydrous sodium sulphate and 

concentrated in vacuo. The crude residue was purified by flash chromatography on silica 

gel using 10:1 to 7:3 gradient of petroleum spirit-ethyl acetate as an eluent to afford a pale 

yellow oil (0.38 g, 83%) that was used without further purification.

'HNMR (400 MHz, CDCb)

MS(FAB)m/z(%)

8,22 (d, J = 8.2, IH, CONH); 7.41 (m, 8H, H7 H , H5 

of indoline and OCHaCeHj); 6.0-5.79 (2d,br >1H, 

NH of Abu and CONHCH2); 5.27-4.88 (m, 5H, H; of 

indoline, CH2CF3 and OCHjCsHs); 4.67-4.58 (m, IH, 

CH of Abu); 3.73 (m. 2H, 2 x H3 of indoline); 2.09 

(m, 2H, CH2 of Abu); 1.12 (21, J = 7.2 Hz, 3H, CHj 

of Abu)

464 (100%) [MH]+; 463 (17%) [M]^; 244 (29%) [M- 

Abu]^
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1-(2(S)-Aminobutyryl)- indoline-2(S)-carboxylic acid (isobutyl)amide 
trifluoroacetate (77) (UCL 2124-F)

Me

Me

NH2(CF3C02H)i.5(CH3COCH3)o.5

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobut)nyl)-indoline-2(S)-carboxylic acid 

(isopropyl)amide (60) (0.05 g, 0.1 mmol) in dichloromethane (2 ml) was cooled to 0°C by 

an ice bath. To this solution trifluoroacetic acid (0.4 ml) was added dropwise under a 

nitrogen atmosphere. The resulting mixture was stirred at 0-5®C for 3 h. The residual oil 

was dissolved in pet. spiritiacetone, 7:3 and evaporated in vacuo until foam formation (51 

mg, 100 %).

Melting point

'HNMR(400 MHz, ds-DMSO)

MS(APCI+ve)m/z(%)

IR(v/cm'’)

81-82“C

8.56 (t, 0.9H, CF3CO2H); 8.11 (d, J = 8.0, IH, H7of 

indoline); 7.37 (m, 3H, He H; of indoline); 5.10 

(d,d, J = 10.4 Hz, J = 2.4 Hz, IH, %  of indoline);

3.72 (m, >2H, CH of Abu, H3 of indoline and water);

3.18 (d, J = 15.2 Hz, IH, H3 of indoline); 2.99 (m, 

2H, CH2CH(CH3)2); 2.04 (m, 3H, CH2CH(CH3)2 and 

CH2 of Abu); 0.98 (t, J = 7.6 Hz, CH3 of Abu); 0.91 

(2d, J = 1.6 Hz, J = 1.2 Hz, 6H, CH2CH(CH3)2)

304 (100%) [MH]'"; 326 (12%) [M+Na]^; 219 (52%) 

[M-Abuf

3441.3 (br m, O H  str); 3438.4 (m, amide N-H str)

3078.3 (m, amine N-H str); 2965.3 (m, sp  ̂C H str)

1671.8 (s, amide 0 = 0  str); 1674.4 (s, arom C=C str)

1486.4 (m, sp’ C-H bend (CHs)2CH); 1203.6 (s.
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HPLC

Analysis

amide C~N str); 837.7 (m, C F str); 716.7 (m, arom 

C-H bend)

Methanol-water (55:45) + 0.1% TFA 

Rt = 7.8min, 98.4%

C 17H25N3O2 ; 1 .5 (CF3C0 2 H ) 0 .5 (CH3COCH3) 

calculated C: 51.29 H: 5.91 N: 8.35

found C: 51.07 H: 6.10 N: 8.55

Molecular weight: 503.42 

Base weight: 303.40

1 -(2(S)-Aminobutyryl)- indoline>2(S)-carboxylic acid (isopropyl)amide 
trifluoroacetate (78) (UCL 2119-F)

Me
CONHCH

Me

NH2(CF3CO2H)i .4(H2O)0.2

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-indoline-2(S)-carboxylic acid 

(isopropyl)amide (61) (0.06 g, 0.1 mmol) in dichloromethane (5 ml) was cooled to 0°C by 

an ice bath. To this solution trifluoroacetic acid (0.4 ml) was added dropwise under a 

nitrogen atmosphere. The resulting mixture was stirred at 0-5°C for 3 h. The residual oil 

was dissolved in pet. spirit:acetone, 7:3 and evaporated in vacuo until foam formation (69 

mg, >100 %).

Melting point

'HNMR (400 MHz, ds-DMSO)

79-83°C

8.13 (4  J = 8.0 Hz, IH, H 7 o f indoline); 7.32 (m, 3H, 

H( H ; H 4 o f indoline); 5.0 (4 4  J  = 8.0 Hz, J = 2.8 

Hz, IH, H2 o f indoline); 3.89 (m, >3H, CH o f Abu, 2
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HPLC

Analysis

X Ha of indoline and water); 3.15 (m, IH, CH(CH3)2); 

1.99 (m, 2H, CHz of Abu); 1.34 (d,d, J = 6.8 Hz, J =

6.4 Hz, 6H, CH(CH3)2); 0.97 (t, J = 7.6 Hz, 3H, CHj 

of Abu)

290 (100%) [MH]*; 103 (49%) [M-Abu]*

3447.1 (br m, O H  str); 3434.3 (m, amide N-H str);

3042.3 (m, amine N-H str); 2979.2 (m, sp  ̂C-H str);

1668.6 (s, amide O O  str); 1543.8 (s, arom 0=0 str);

1463.4 (m, sp’ C-H bend (CHs)2CH); 1203.3 (s, 

amide C-N str); 837.8 (m, C-F str); 722.4 (m, arom 

C-H bend)

Methanol-water (45:55) + 0.1% TFA 

Rt = 6.6 min, 100%

C 16H23N 3O2; 1 .4(C F3C 02H )0.2(H 20)

Calculated C: 49.89 H: 5.52 N: 9.28 

found 0:50.18 H: 5.84 N: 8.91 

Molecular weight: 452.64 

Base weight: 289.38

1-(2(S)-Aminobutyryl)- indoline-2(S)-carboxylic acid-(N-cyclopropyl 
methyl)amide trifluoroacetate (79) (UCL 2074-F)

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-indoline-2(S)-carboxylic acid- 

(N-cyclopropyl methyl)amide (62) (0.02 g, 0.04 mmol) in dichloromethane (5 ml) was
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cooled to 0°C by an ice bath. To this solution trifluoroacetic acid (0.2 ml) was added 

dropwise under a nitrogen atmosphere. The resulting mixture was then stirred at 0-5°C for 

3 h. Removal of the solvent under reduced pressure afforded the title compound. The 

residual oil was dissolved in diethylether and evaporated in vacuo until foam formation (40 

mg, > 100 %).

Melting point

‘HNMR (400 MHz, dg-DMSO)

MS(FAB)m/z(%)

HPLC

Analysis

71-74°C

8.15 (d, J = 8.1 Hz, IH, H? of indoline); 7.32 (m, 3H, 

Hé Hs EU of indoline); 5.10 (d, J = 9.2 Hz, J = 1.2 

m ,  IH, Hz of indoline); 3.73 (m, 2H, CH of Abu and 

Hj of indoline); 3,18 (m, 3H, CONHCHz and H3 of 

indoline); 2.01 (m, 2H, CHz of Abu); 1.36 (m, 4H, 

CH3 of Abu and CH of cyclopropyl); 0.49 (2d, J =

8.0 Hz, J = 4.8 Hz, 4H, 2 x CHz of cyclopropyl)

302 (100%) [MH]"̂ ; 324 (24%) [M+Naf; 216 (60%) 

[M-Abuf; 118 (46%) [indolinef; 91 (7%)

[C6H5CH2]

3422.4 (br m, O H  str); 3433.0 (m, amide N-H str);

3073.7 (m, amine N-H str); 2978.2 (m, sp  ̂C H str);

1670.5 (s, amide C=0 str); 1539.7 (s, arom C=C str);

1485.3 (m, sp  ̂ C H bend cyclopropyl methyl);

1201.9 (s, amide C-N str); 831.4 (m, C-F str); 749.7 

(m, arom C H bend)

Methanol-water (60:40) + 0.1% TFA

Rt = 7.8 min, 99.1 %

C17H23N3O2; 1.4(CF3C02H) 

calculated C: 51.59 H: 5.33

found C: 51.66 H: 5.61

Molecular weight: 461.06

Base weight: 301.39

N: 9.11 

N: 8.90



Experimental 177

1-(2(S)-Aminobutyryl)- indoiine-2(S)-carboxylic acid-(N-allyl)amide 
trifluoroacetate (80) (UCL 2073-F)

C0NHCH9CH=CH

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutytyl)-mdoline-2(S)-carboxylic acid- 

(N-allyl)amide (63) (0.06 g, 0.1 mmol) in dichloromethane (5 ml) was cooled to 0®C by an 

ice bath. To this solution trifluoroacetic acid (0.4 ml) was added dropwise under a nitrogen 

atmosphere. The resulting mixture was then left to stir at 0-5°C for 3 h. Evaporation of the 

solution to dryness under reduced pressure afforded the title compound in near quantitative 

yield as a pale yellow sticky oil (60 mg, 96 %).

^HNMR (400 MHz, dô-DMSO)

MS(FAB)m/z(%) 

IR (v/cm'^)

HPLC

8.72 (t, IH, CF3CO2H); 8.16 (d, J = 8.0 Hz, IH, H? 

indoline); 7.34 (m, 3H, H« Hs H4 of indoline); 5.89 

(m, IH, CH2CH=CH2); 5.18 (m, 3H, H2 of indoline 

and CH2CH=CH2); 3.85 (m, >5H, CH of Abu, 2x Hj 

of indoline, CH2CH=CH2 and water); 2.02 (m, 2H, 

CH2 of Abu); 1.13 (t, J = 7.2 Hz, 3H, CHj of Abu) 

288 (100%) [MH]^; 310 (15%) [M+Na]*; 202 (52%) 

[M-Abuf; 118 (100%) [indolinef

3440.3 (br m, O H  str); 3437.7 (m, amide N-H str);

3052.3 (m, amine N-H str) (m, =C-H str); 2974.1 (m, 

sp  ̂C-H str); 1675.8 (s, amide C=0 str) (m, CH==CH2 

C=C str); 1549.3 (s, arom C=C str); 1469.4 (m, sp  ̂

C-H bend); 1204.2 (s, amide C-N str); 915.6 (s, =C-H 

bend) 838.4 (m, C-F str); 722.5 (m, arom C-H bend)

Methanol-water (35:65) + 0.1% TFA

Rt =  14.9 min, 100 %
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Analysis C16H21N3O2; 1.5(C F3C 02H ) 

calculated C: 49.78 H: 4.95

found C: 49.82 H: 5.24

Molecular weight: 458.47

Base weight: 287.38

N: 9.17 

N: 9.21

1-(2(S)-Aminobutyryl)- indoline-2(S)-carboxyiic acid (propargyl)amide 
trifluoroacetate (81) (UCL 2050-F)

CONHCH?C=CH

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-indoline-2(S)-carboxylic acid 

(propargyl)amide (64) (0.05 g, 0.1 mmol) in dichloromethane (5 ml) was cooled to 0°C by 

an ice bath. To this solution trifluoroacetic acid (0.3 ml) was added dropwise under a 

nitrogen atmosphere. The resulting mixture was stirred at 0-5°C for 3 h. Evaporation of the 

solution to dryness under reduced pressure afforded the title compound (60 mg, >100 %) 

as a reddish viscous oil.

^HNMR (400 MHz, de-DMSO)

M S (F A B )m /z (% )

8.97 (t, IH, CONHCH2); 8.14 (d, J = 8.0 Hz, IH, H? 

of indoline); 7.32 (m, 3H, H« Hs H4 of indoline); 5.09 

(d, J = 10 Hz, IH, H2 of indoline); 3.91 (m, 2H, 

CONHCH2); 3.69 (m, > 1H, CH of Abu and water);

3.15 (m, 2H, 2 X Hj of indoline); 2.54 (s, IH, CH of 

acetylene); 1.95 (m, 2H, CH2of Abu); 1.01 (t, J = 7.6 

Hz, 3H, CHa of Abu)

286 (100%) [MH]+; 200 (32%) [M-Abuf; 118 (30%) 

[indolinef
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HPLC

Analysis

3445,5 (br m, O H  str); 3435.1 (m, amide N-H str) m, 

alkyne =C-H str); 3056.7 (m, amine N-H str); 2979.1 

(m, sp  ̂C-H str); 2123.3 (w, alkyne C=C str); 1670.2 

(s, amide C=0 str); 1540.4 (s, arom C=C str); 1486.6 

(m, sp  ̂C-H bend); 1204.2 (s, amide C-N str); 838.1 

(m, C-F str); 722.7 (m, arom C-H bend)

Methanol-water (50:50) + 0.1% TFA

Rt = 7.9 min, 100%

Ci^,9N302; 2.1(CF3C02H) 

calculated C: 46.23 H: 4.05

found C: 46.59 H: 4.13

Molecular weight: 524.79

Base weight: 285.34

N: 8.01 

N: 8.18

1-(2(S)-Aminobutyryl)- indoline-2(S)-carboxylic acid (cyanomethyl) 
amide trifluoroacetate (82) (UCL 2305-F)

CONHCHoC— N

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-indoline-2(S)-carboxylic acid 

(cyanomethyl)amide (65) (0.05 g, 0.1 mmol) in dichloromethane (5 ml) was cooled to 0°C 

by an ice bath. To this solution trifluoroacetic acid (0.3 ml) was added dropwise under a 

nitrogen atmosphere. The resulting mixture was stirred at 0-5°C for 3 h. Evaporation of the 

solution to dryness under reduced pressure gave the crude product which was purified by 

column chromatography on silica gel employing dichloromethane:methanol, 20:1. The
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final product was dried under high vacuum at room temperature (over 2 days) and obtained 

as an off-white foam (50 mg, 96 %).

Melting point

^HNMR (400 MHz,d6-DMS0)

MS(FAB)m/z(%)

IR (v/cm'^)

HPLC

Analysis

69-7rC

8.12 (d, IH, J = 8.0 Hz, H7 of indoline); 7.37 (m, 3H, 

H5 H4 indoline); 5.14 (m, IH, H2 of indoline);

3.72 (m, >5H, CH of Abu, 2 x H3 of indoline, CHi of 

cyano-methyl and water); 2.0 (m, 2H, CH2 of Abu); 

1.04 (m, 3H, CH3 of Abu)

287 (72%) [MH]*; 203 (7%) [M-CONHCHiCN]̂ ; 
201(5%) [M-Abuf; 118 (100%) [indoline]^

3425.9 (br m, O-H str); 3347.0 (m, amide N-H str);

3152.7 (m, amine N-H str); 2248.3 (m, nitrile C=N 

str); 2985.1 (m, sp  ̂ C H str); 1678.8(s, amide C=0 

str); 1487.2 (s, arom C=C str); 1473.7 (m, sp  ̂ C H 

bend); 1202.8 (s, amide C-N str); 830.4 (m, C-F str);

716.3 (m, arom C-H bend)

Methanol-water (30:70) + 0.1% TFA

Rt = 17.2 min, 100%

C 1 5 H 1 8 N 4 O 2 ;  2 . 8 ( C F 3C 0 2 H )  

calculated C: 40.86 H: 3.46

found C: 40.68 H: 3.82

Molecular weight: 605.64

Base weight: 286.33

N: 9.25 

N: 9.00

1-(2(S)-Aminobutyryl)- indoline-2(S)-carboxylic acid-(2-methyl hydrazide) 
trifluoroacetate (83) (UCL 2065-F)
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CONHNHMe

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyTyl)-indoline-2(S)-carboxylic acid-(2- 

methyl hyrazide) (66) (0.07 g, 0.1 mmol) in dichloromethane (5 ml) was cooled to 0®C by 

an ice bath. To this solution trifluoroacetic acid (0.4 ml) was added dropwise under a 

nitrogen atmosphere. The resulting mixture was then stirred at 0-5®C for 3 h. Removal of 

the solvent under reduced pressure afforded triflate salt which was dissolved in 

diethylether and evaporated in vacuo until foam formation (75 mg, >100 %).

Melting point

'HNMR (400 MHz, dé-DMSO)

MS(FAB)m/z(%)

IR (v/cm ')

HPLC

70-72°C

9.06 (m, IH. CONH); 8.19 (d, 8.0 Hz, H? of 

indoline); 7.39 (m, 3H, BU H5 H4 of indoline); 5.15-

4.72 (m, >2H, NHCH3, H2 of indoline and COOH); 

3.81-3.20 (m, 3H, CH of Abu and 2 x Hj of 

indoline); 2.75 (m, >3H, NHCH3 and DMSO); 2.06 

(m, 2H, CH2 of Abu); 1.16 (m, 3H, CHj of Abu)

277 (11%) [MH]^; 190 (9%) [M-Abuf; 176 (100%) 

[M-C02C(CH3)3] ;̂ 161 (6%) [M-NHC02C(CH3)3]''; 

138 (100%) [M-Abu,-benzenef

3447.5 (br m, O H  str); 3288.3 (m, amide N-H str); 

3032.0, 3022.7 (m, amine N-H str); 2954.1 (m, sp  ̂

C-H str); 1672.1 (s, amide O O  str); 1540.5 (s, arom 

C=C str); 1487.7 (m, sp  ̂C H bend); 1205.0 (s, amide 

C-N str); 838.4 (m, C-F str); 722.5 (m, arom C-H 

bend)

Methanol-water (60:40) + 0.1% TFA 

Rt = 5.0 min, 99.1 %
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Analysis C14H20N4O2; 2 .5 (C F3C0 2 H ) 

calculated C: 40.65 H: 4.04

found C: 40.67 H: 4.42

Molecular weight: 561.42

Base weight: 276.34

N: 9.98 

N: 9.60

1-(2(S)-Aminobutyryl)-indoline-2(S)-carboxylic acid (butyl)amide oxalate (85) 
(UCL 1397-H-5)

CONHBu

NH(C204H2)i.5(H20)o.i

A mixture of l-(N-carbobenzyloxy-2(S)-aminobutyryl)-indoline-2(S)-carboxylic acid 

(butyl)amide (67) (150 mg, 0.3 mmol) and 10% palladium on carbon (20 mg) in methanol 

(30 ml) was stirred at ambient temperature under a hydrogen atmosphere at 25 psi 

overnight. The catalyst was then filtered off, and oxalic acid (32 mg, 0.3 mmol) was added 

to the filtrate. Evaporation of the solvent gave the oxalate salt which was recrystallised 

from dry diethyl ether-methanol (40:1) to yield a white ciystalline solid (79 mg, 75 %).

Melting point

'HNMR(400 MHz,d«-DMSO)

96-98°C

8.09 (d, J = 8.0 Hz, IH, H? of indoline); 7.32 (m, 3H, 

H5 BU of indoline); 5.19 (br s, d, J = 6.8 Hz, 2H, 

H2 of indoline and NH of Abu); 3.70 (m, 2H, CH of 

Abu, and H3 of indoline); 3.18 (m, 3H, Hj of indoline 

and CONHCH2); 1.98 (m, 2H, CH2 of Abu); 1.44 (m, 

2H, CH2 of Butyl); 1.29 (m, 2H, CH2 of Butyl); 1.08 

(2t, 6H, CH3 of Abu and CH3 of Butyl)
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MS(FAB)m/z(%) 

IR (v/cm'^)

HPLC

Analysis

304 (100%) [MH]+; 218 (48%) [M-Abuf; 118 (9%) 

[M-Abu-CONHBu]^

3307.8 (br m, O H  str); 3210.1 (m, amide N-H str);

3075.0 (m, amine N-H str); 2963.6 (m, sp  ̂C-H str);

1653.1 (s, amide C=0 str); 1561.7 (s, arom C=C str);

1493.6 (m, sp  ̂C-H bend); 1277.2 (s, amide C-N str);

723.3 (m, arom C-H bend)

Methanol-water (45:55) + 0.1% TFA

Rt=18.9 min, 100%

C17H25N3O2; 1.5(C2H204)0.1(H20)

calculated C: 54.34 H: 6.48 N: 9.51 %

found C: 54.22 H: 6.85 N: 9.70 %

Molecular weight: 442.07

Base weight: 303.45

1-(2(S)-Aminobutyryl)-indoline-2(S)-carboxyiic acid (2,2,2-trifluoroethyl) 
amide oxalate (86) (UCL 1974-H-2)

CONHCH.CF

NH2(C204H2)i , 1 (H 2O )] .Q

A mixture of l-(N-carbobenzyloxy-2(S)-aminobutyryl)-indoline-2(S)-carboxylic acid 

(2,2,2-trifluoroethyl)amide (68) (145 mg, 0.31 mmol) and 10% palladium on carbon (20 

mg) in methanol (25 ml) was stirred at ambient temperature under a hydrogen atmosphere 

at 40 psi for 2.5 h. The catalyst was then filtered off, and oxalic acid (28 mg, 0.34 nunol) 

was added to the filtrate. Evaporation of the solvent gave the oxalate salt which was
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recrystallised from dry diethylether-methanol (40:1) to yield a white crystalline solid (98 

mg, 74 %).

Melting point

'HNMR(400 MHz,d6-DMS0)

MS(FAB)m/z(%)

R (v /cm ')

HPLC

Analysis

148-149^*0

8.16 (m, 2H, Ht of indoline); 7,37 (m, 2H, Hs H4 

of indoline); 5.19 (d, J = 6.8 Hz, IH, H2 of indoline), 

4.03-3.17 (m, 5H, CH of Abu, CH2CF3 and 2 x H3 of 

indoline), 2.06 (m, 2H, CH2 of Abu), 1.12 (m, 3H, 

CH3 of Abu)

330 (100%) 244 (18%) [M-Abuf; 118 (20%)

[CsHsCHzCHN]^

3442.3 (br m, O-H str); 3434.0 (m, amide N-H str);

3072.3 (m, amine N-H str); 2958.6 (m, sp  ̂C-H str);

1654.5 (s, amide C=0 str); 1632.0 (s, arom C=C str);

1487.6 (m, sp  ̂C-H bend); 1277.1 (s, amide C-N str);

755.9 (m, C-F str); 717.7 (m, arom C-H bend)

Methanol-water (45:65) + 0.1% TFA

Rt = 8.3 min, 97.2%

C15H18F3N3O2; 1.1(C2H204) 1.0(H20)

Calculated C: 46.28 H: 5.01 N: 9.41 %

found C: 46.25 H: 5.09 

Molecular weight: 446.36 

Base weight: 329.32

N: 9.33 %

Ethylazidoacetate (92)

N3CH2C02Et

To a solution of ethyl bromoacetate (110.75 ml, 1.0 mol) in dry (sieves) acetonitrile (800 

ml), sodium azide (65.01 g, 1.0 mol) was added under nitrogen. The mixture was heated to 

reflux over night. After cooling the solution was diluted with water (350 ml), and stirred at
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room temperature for 30 min. The layers were separated and the aqueous portion treated 

with salt and extracted with diethyl ether (4 x 100 ml). The organic phase and combined 

ether extracts were then dried over anhydrous sodium sulphate, and concentrated in vacuo 

at a bath temperature not exceeding 50®C to give a yellow oil (113.65 g, 88%). The 

isolated product was used without further purification in the next step.

Boiling point

'HNMR (400 MHz, CDCI3) 

MS(FAB)m/z(%)

56-58°C Oiterature'^® )̂

4.25 (q, J = 7.2 Hz, 2H, OCH2); 3.85 (s, 2H, 

N3CH2CO2); 1.32 (t, 3H, J = 7.2 Hz, CH2CH3)

130 (67%) [MH]^

Methylazidoacetate (93)

N3CH2C02Me

To a solution of methyl bromoacetate (94.0 ml, 1.0 mol) in dry acetonitrile (800 ml), 

sodium azide (65.01 g, 1.0 mol) was added under nitrogen. The mixture was heated at 

reflux over night. After cooling the solution was diluted with water (350 ml), and stirred at 

room temperature for 30 min. The layers were separated and the aqueous portion treated 

with salt and extracted with diethyl ether (4 x 100 ml). The organic phase and combined 

ether extracts were then dried over anhydrous sodium sulphate, and concentrated invacuo 

at a bath temperature not exceeding 50®C to give a yellow oil (84.23 g, 73%) which was 

used in the next step without further purification.

Boiling point

'HNMR (400 MHz, CDCI3) 

MS(FAB)m/z(%)

57-58°C (literature^®®)

3.85 (s, 2H, N3CH2); 3.74 (s, 3H, CO2CH3)

116 (62%) [MH]'
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2,3-Methylenedioxybenzaldehyde (97)

To a mechanically stirred degassed mixture of 2,3-dihydroxybenzaldehyde (20.2 g, 146 

mmol) and cesium carbonate (42.31 g, 219 mmol) in dried acetonitrile (300 ml) was added 

bromochloromethane (14.26 ml, 219 mmol) and the resulting suspension was heated to 

reflux. After 5 h, the reaction was cooled to room temperature and filtered through a pad of 

celite with ethyl acetate washing. The filtrate was concentrated in vacuo and the residue 

was purified by flash chromatography on silica gel (hexane-ethyl acetate, 9:1) to provide 

the desired product (16.13 g, 74 %).
"3 A-O A.

tt(-mp35°C . Kci/w-e
Melting point 198-203»C (literature’'"’ 199-201°C) ie

‘HNMR (400 MHz, CDCI3) 10.13 (s, 0.6H, Ar-CHO); 7.31 (d, 8.0 Hz, IH,
aromatic); 7.04 (d, J = 8.0 Hz, IH, aromatic); 6.96 (t,

J = 7.9 Hz, IH, aromatic); 6.15 (s, 2H, O-CHz-O)

MS (FAB) m/z (%) 150 (8%) [M]^

Ethyl 2-azido-3-(2-methylphenyl) propionate (98)

To a solution of sodium (5.51 g, 240 mmol) in ethanol (157 ml) cooled to -18°C by an 

acetone/ice bath, a solution of 0-tolylaldehyde (94) (7.20 g, 60 mmol) and ethyl 

azidoacetate (92) (30.98 g, 240 mmol) was added dropwise at a rate that maintained the 

reaction temperature below -15°C. After the addition was complete, stirring was continued
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at -15°C for a further 3 h. The reaction mixture was then kept at 5°C for two days. The 

resulting precipitate was collected by filtration and purified by flash chromatography on 

silica gel using 8:2 to 6:4 gradient of dichloromethane-petroleum spirit as an eluent to 

afford the title compound (13.57 g, 97 %).

'HNMR (400 MHz, CDCI3)

MSEIm/z(%)

7.48 (m, 2H, aromatic); 7.12 (m, 2H, aromatic); 6.05 

(s, IH, Ar-CH); 4.45 (q, J = 7.2 Hz, 2H, OCH2); 1.47 

(t, J = 7.2 Hz, 3H, OCH2CH3)

231 (12%) [M]'"; 202 (17%) [M-CzHj]^; 186 (22%) 

[M-(X:2H5]^; 158 (57%) [M-COzCzH)]" ;̂ 130 (75%) 

[M-C(N2)C02C2H5]^; 91 (8%) [M-C(N3)C02C2H5]^; 

76 (25%) [Benzene^

Ethyl 2-azido-3-(4-chforophenyl) propionate (99)

C H = C C O ,E t

Sodium pieces (2.76 g, 120 mmol) were added in portions to absolute ethanol (70 ml) over 

a period of 35 min with stirring. The resulting solution was cooled in a diy ice/acetone bath 

to -22°C and then over Ih a mixture of 4-chlorobenzaldehyde (95) (7.71 g, 60 mmol) and 

ethylazidoacetate (92) (15.49 g, 120 mmol) was added dropwise at a rate that maintained 

the reaction temperature below -15®C. After the addition was complete stirring was 

continued at -10°C until TLC indicated all the aldehyde had been consumed (3h). The 

reaction mixture was then stored at +5®C for two days. The resulting precipitate was 

collected by filtration, washed with cold hexane and dried under high vacuum for 24 h 

(9.09 g, 60 %). This product was sufficiently pure for the next reaction step.
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’HNMR (400 MHz, CDCb)

MS(FAB)m/z(%)

7.73 (d, J = 8.4 Hz, 2H, aromatic); 7.32 (d, J = 8.8 

Hz, 2H, aromatic); 6,81 (s, IH, Ar-CH); 4.37 (q, J =

7.2 Hz, 2H, OCH2); 1.40 (t, J = 7.2 Hz, 3H, 

OCH2CH3)

251 (12%) [M]”; 150 (100%) [M-NzCOzCiHj^; 124 

(39%) [M-C(N3)C02C2H5f

Methyl 2-azido-3-(2,3-dimethoxyphenyl) ethanonate (100)

CH—  CCOoMe
MeO.

MeO

To a solution of 2,3-dimethoxybenzaldehyde (96) (5.50 g, 33 mmol) and 

methylazidoacetate (93) (15.19 g, 132 mmol) in methanol (160 ml) cooled to -18°C by an 

acetone-ice bath, sodium methoxide (30.17 ml 132 mmol) in methanol (5ml) was added 

dropwise at a rate that maintained the reaction temperature below -15®C. After the addition 

was complete, stirring was continued at -15°C for a further 3 h. The reaction mixture was 

then kept at 5°C for two days. The resulting precipitate was collected by filtration, washed 

with cold hexane and dried in vacuo for 24 h (6.21 g, 72 %). This product was sufficiently 

pure for the next reaction step.

’HNMR (400 MHz, CDCI3)

M S (F A B )m /z (% )

7.81 (d, J = 8.0 Hz, IH, aromatic); 7.31 (s, IH, Ar- 

CH=C); 7.10 (t, J = 8.0 Hz, IH, aromatic); 6.92 (d, J 

= 7.9 Hz, IH, aromatic); 3.92 (s, 3H, CO2CH3); 3.87 

(2s, 6H, 2Ar-0CHj)

263 (%) [M]+; 204 (%) [M-CO2CH3]*; 176 (100%) 

[M-N2C02CH3] ;̂ 162 (%) [M-N3C02CH3]+
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Methyl 2-azido-3-(2,3-methylenedioxyphenyl) ethanonate (101)

CH=1 = C C 02Me
1

/ I
N3

To a solution of 2,3-methylenedioxybenzaldehyde (97) (15.76 g, 104 mmol) and 

methylazidoacetate (93) (48.32 g, 419 mmol) in methanol (450 ml) cooled to -18°C by an 

acetone/ice bath, sodium methoxide (96 ml 419 mmol) in methanol (5ml) was added 

dropwise at a rate that maintained the reaction temperature below -15®C. After the addition 

was complete, stirring was continued at -15°C for a further 3 h. The reaction mixture was 

then kept at 5®C for two days. The resulting precipitate was collected by filtration, washed 

with cold hexane and dried in vacuo for 24 h (19.79 g, 77 %). This product was sufficiently 

pure for the next reaction step.

'HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

7.68 (d, J = 7,6 Hz, IH, aromatic); 7.02 (s, IH, Ar- 

CH=C); 6.99 (t, J = 8.0 Hz, IH, aromatic); 6.94 (d, J 

= 9.2 Hz, IH, aromatic); 6.09 (s, 2H, O-CH2-O), 3.99 

(s, 3H, COCH3)

248 (56%) [MH]^

4>methylindole-2-carboxylic acid ethyl ester (102)

CH

COoEt

Ethyl 2-azido-3-(4-methylphenyl) propionate (98) (7.73 g, 33.0 mmol) was dissolved in 

toluene (350 ml) and heated to reflux for 3 h then allowed to warm gradually to room
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temperature overnight. The precipitate that formed was collected by filtration and purified 

by flash chromatography on silica gel (dichloromethaneipetroleum spirit, 95:5) to afford 

the title compound (1.89 g, 28 %).

Melting point

'HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

149-153»C (literature” ' 140.5-14rC)

8.99 (br s, 0.7H, NET); 7.27 (m, 2H, H7 H4 of indole);

6.94 (d, J = 8.2 Hz, IH, Hs of indole); 5.29 (s, IH  Hj 

of indole); 4.44 (q, J = 7.2 Hz, 2H  OCH2); 2.56 (s, 

3H, Ar-CHj); 1.44 (t, J = 7.2 Hz, 3H, OCH2CH3)

203 (100%) [M]*; 158 (31%) [M-OCzHsr; 130 

(27%) [M-C02C2H sf; 115 (19%) [M-CH3-

C02C2H5f; 105 +(22%) [CsHsCHjN]^; 103 (57%) 

[M-NHCC02C2H5f; 92 (15%) [ C s H s ^ f ;  77 

(13%) [Benzene^

6-chlorolndole-2-carboxylic acid ethyl ester (103)

CO,Et

Ethyl 2-azido-3-(4-chlorophenyl) propionate (99) (1.68 g, 7.2 nunol) was suspended in 

xylene (200 ml) and heated to reflux for 3 h then allowed to warm gradually to room 

temperature overnight. The precipitate that formed was collected by filtration and 

recystallised from hexane (0.56 g, 35 %).

Melting point

'HNMR (400 MHz, CDCI3)

154-157°C (literature”  ̂154-155°C)

8.95 (br s, 0.5H, NH); 7.58 (d, J = 8.4 Hz, IH, H, of 

indole); 7.40 (s, IH  Hj of indole); 7.17 (d, J = 1.8 

Hz, IH  Hj of indole); 7.13 (d,d, J = 1.3 Hz, J = 8.4
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MS(FAB)m/z(%)

Analysis

Hz, IH, Hs of indole) 4.41 (q, J= 7.2 Hz, 2H, OCH2)

1.41 (t, J = 7.2 Hz, 3H, OCH2CH3)

224 (24%) 208 (4%) [M-CHjf; 195 (5%)

[M-CzHjf; 179 (5%) [M-OCzHsf; 158 (18%) [M- 

COîCîHs]^

CnHsClNOî
calculated C: 59,07 H: 4.51

found C: 58.62 H: 4.41

N: 6.26 

N: 6.02

4,5-dimethoxyindole-2<arboxylic acid methyl ester (104)

OMe
MeO,

Methyl 2-azido-3-(2,3-dimethoxyphenyl) etanonate (100) (4.07 g, 16.0 mmol) was 

dissolved in toluene (400 ml) and heated at reflux for 3 h then allowed to warm gradually 

to room temperature overnight. The precipitate that formed was collected by filtration and 

purified by flash chromatography on silica gel (petroleum spiritiethyl acetate, 4:1) to afford 

the title compound (2.0 g, 50 %).

Melting point

'HNMR (400 MHz, CDClj)

M S (F A B )m /z (% )

166-168°C

9.03 (br s, 0.7H, NH); 7.34 (d. J = 8.1 Hz. IH, H , of 

indole); 7.11 (d, IH, J = 8.0 Hz, of indole); 7.09 

(s, IH Ha of indole); 4.10 (s, 3H, OCHj); 3.97 (2s, 

6H, 2Ar-OCH3)

235 (100%) [M]*; 220 (9%) [M-CHjf; 204 (45%) 

[M-OCHjf; 188 (18%) [M-OjCHjf; 176 (11%) [M- 

COjCHjf
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4,5-methylendioxy-indole-2-carboxylic acid methyl ester (105)

Methyl 2-azido-3-(2,3-methylenedioxyphenyl) ethanonate (101) (10 g, 40.0 mmol) was 

dissolved in toluene (800 ml) and heated to reflux for 3 h then allowed to warm gradually 

to room temperature overnight. The precipitate that formed was collected by filtration and 

purified by flash chromatography on silica gel (petroleum spiritiethyl acetate, 20:1) to 

afford the title compound (1.86 g, 20 %).

Melting point

^HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

165-169‘»C

7.15 (d, J = 2.0 Hz, IH, H3); 7.11 (d, J = 8.0 Hz, IH, 

H7 of indole); 6.93 (d, J = 8.0 Hz, IH, of indole);

6.07 (s, 2H, OCH2O); 3.96 (s, 3H, OCH3)

220 (%) 205 (%) [M-CHj]^; 189 (100%) [M-

OCHaf; 161 (%) [M-COaCHjf; 149 (%) [M- 

CCO2CH3]*

5-methoxyindole-2-carboxylic acid ethyl ester (106)

MeO.

COoMe

Sulphuric acid 98% (2.52 ml) was dropped carefully into 5-methoxyindole-2-carboxylic 

acid (10.0 g, 52.3 mmol) dissolved in ethanol (200 ml). The solution was stirred at a
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solvent was then removed under reduced pressure, and the residue was partitioned between 

ethyl acetate (200 ml) and saturated sodium carbonate (100 ml). The layers were separated 

and the aqueous phase was extracted with ethyl acetate (3 x 100 ml). The combined 

organic extracts were dried over anhydrous magnesium sulphate, and concentrated under 

vacuum. The resulting brown-yellow viscous oil solidified at room temperature upon 

standing and was used in the next step without further purification (8.66 g, 76 % yield).

Melting point 

'HNMR(400 MHz, CDCb)

168-170°C (literature’''̂  170-171°C)

8.12 (m, 3H, Ht BU of indoline); 4.44 (d,d, Ji =

8.5 Hz, J2 = 1.6 Hz, IH, Hz of indoline); 3.75 (2s, 

6H, Ar-OCHj and OCH3)

4-methylindoline-2(R/S)-carboxylic acid methyl ester (111)

CH

4-methylindole-2-carboxylic acid ethyl ester (102) (1.89 g, 9.2 mmol) and magnesium 

turnings (0.44 g, 18.5 mmol) were suspended in dried methanol (70 ml). The mixture was 

stirred at 5-10°C under nitrogen for 3h, then poured into dichloromethane (200 ml), and 

washed with saturated ammonium chloride solution. The layers were separated, and the 

aqueous phase was extracted with dichloromethane (3 x 100 ml). The organic portion and 

extracts were combined, dried over anhydrous sodium sulphate and concentrated under 

vacuum. The obtained crude product was purified by flash chromatography on silica gel 

using dichloromethane as eluent, to afford the title compound (0.82 g, 46 %).

Partial reduction
‘HNMR (400 MHz, CDCb) 9.05 (br s, 0.5H, NH); 7.28 (m, IH, H? of indole);

6.98 (m, IH, Hfi of indole); 6.52 (m, 2H, H5 of indole 

and Hô of indoline); 5.27 (s, IH, H3 of indole); 4.49
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(m, 2H, NH and Hz of indoline); 3.96 (s, 3H, OCH3 

of indole); 3.94 (s, 3H, OCH3 of indoline); 3.35 (m, 

2H, 2 X H3 of indoline); 2.58 (s, 3H, Ar-CHs); 2,20 

(s, 3H, Ar-CH3 of indoline)

Total reduction
Melting point

'HNMR (400 MHz, CDClj)

MS(FAB)m/z(%)

82-87°C

7.02 (t, J = 8.0 Hz, IH, Ht of indoline); 6.63 (m, 2H, 

H? Hs of indoline), 4,46 (br s, 2H, NH and d,d, J = 

lOHz, J = 1,6 Hz, Hz of indoline); 3,79 (s, 3H, 

OCH3); 3,38 (m, 2H, 2 X H3 of indoline); 2,24 (s, 3H, 

Ar-CH))

178 (100%) [MH]^; 60 (38%) [M-COzMe]

6-ch!oroindoline-2(R/S)-carboxylic acid methyl ester (112)

6-chloroindole-2-carboxylic acid ethyl ester (103) (2,01 g, 9,8 mmol) and magnesium 

turnings (0,48 g, 1,9 mmol) were suspended in dried methanol (70 ml). After a %h 

induction period a mild exothermic reaction took place with evolution of ‘Hz’ gas. Stirring 

continued at 5-10°C under nitrogen for a further 3h, then the reaction mixture was poured 

into dichloromethane (200 ml), and washed with saturated ammonium chloride solution. 

The layers were separated, and the aqueous phase was extracted with dichloromethane (3 x 

100 ml). The organic portion and extracts were combined, dried over anhydrous sodium 

sulphate and concentrated under vacuum. The obtained crude product was purified by flash 

chromatography on silica gel using dichloromethane as eluent, to afford a yellow oil (1.11 

g, 53%). With the starting material recovered (1.27 g, 6,3 mmol) the reaction was repeated, 

to afford further product (0,75 g, 57 %),
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'HNMR (400 MHz, CDCI3)

M SEIm/z(%)

8.96 (br s, 0.5H, NH); 7.65 (s, IH, H , of indoline);

7.02 (d, J = 7.7 Hz, IH, Hj of indoline); 6.77 (d, J =

7.8 Hz, H4 of indoline); 4.54 (d,d, J = 5.7 Hz, J =

5.48 Hz, 2H, H2 of indoline); 3.98 (s, 3H, OCH3); 

3.40 ( m, 2H, 2H3 of indoline)

211 (76%) [M]''; 154 (100%) [M-CCbCHsf; 117 

(97%) [indolinef; 89 (78%) [C6H3CH2]*; 75 (18%) 

[ C ^ i t

4,5-dimethoxyindoline-2(R/S)-carboxylic acid methyl ester (113)

OMe
MeO,

To a stirred suspension of 4,5-dimethoxyindole-2-carboxylic acid methyl ester (104) (1.99 

g, 8.4 mmol) in dried methanol (50 ml) was added magnesium turnings (0.61 g, 25.0 

mmol). The reaction mixture was stirred at 5-10®C under nitrogen and after a short time, an 

exothermic reaction occurred. When the metal was consumed, a second portion of Mg was 

added (0.61 g, 25.0 mmol) and the mixture was stirred for a further 3h. After all the 

magnesium has been consumed, the mixture was poured into dichloromethane (200 ml), 

and washed with saturated ammonium chloride solution. The layers were separated, and 

the aqueous phase was extracted with dichloromethane (3 x 100 ml). The organic portion 

and extracts were combined, dried over anhydrous magnesium sulphate and concentrated 

under vacuum. The obtained crude product was purified by flash chromatography on silica 

gel (petroleum spiritiethyl acetate, 8:2) to afford the title compound (1.36 g, 68 %).

Melting point

‘HNMR (400 MHz, CDC I3)

63-71°C

6.64 (d, J = 8.4 Hz, IH, H7 of indoline); 6.38 (d, J =

8.4 Hz, IH, of indoline); 4.38 (br s, 2H, NH and
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MS(FAB)m/z(%)

d,d J = 6.4 Hz, J = 6.0 Hz, Hz of indoline); 3.85 (s, 

3H, OCH3); 3.77 (2s, 6H, 2Ar-OCH3); 3.41 (m, 2H, 2 

X H3 of indoline)

238 (100%) 178 (%) [M-COiCHs^

4,5-methylendioxy-indoline-2(R/S)-carboxylic acid methyl ester (114)

4,5-methylenedioxy-indole-2-carboxylic acid methyl ester (105) (1.88 g, 8.5 mmol) and 

magnesium turnings (2.08 g, 85 mmol) were suspended in dried methanol (200 ml). The 

mixture was stirred at 5-10°C under nitrogen for 3h, then poured into dichloromethane 

(200 ml), and washed with saturated ammonium chloride solution. The layers were 

separated, and the aqueous phase was extracted with dichloromethane (3 x 100 ml). The 

organic portion and extracts were combined, dried over anhydrous magnesium sulphate 

and concentrated under vacuum. The obtained crude product was purified by flash 

chromatography on silica gel (petroleum spiritiethyl acetate, 5:1) to afford the title 

compound (1.89 g, 89 %).

Melting point

‘HNMR (400 MHz, CDCI3)

M S (F A B )m /z (% )

74-80°C

6.67 (d, J = 8.4 HZ.1H. H? of indoline); 6.19 (d, J =

8.0 Hz, IH, of indoline); 5.90 (d, J = 1.2 Hz, 2H, 

OCH2O); 4.42 (br s, 2H, NH and d,d, J = 6.0 Hz, J =

6.0 Hz, H2 of indoline); 3.80 (s, 3H, OCHj); 3.36 (m, 

2H, 2 X H3 of indoline)

222 (100%) [MH]+ 206 (2%) [M-CHjf; 190 (2%) 

[M-OCHsr; 162 (10%) [M-COjCHj]^
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Methyl-4-methoxyindoline-2(R/S)-carboxylate (115)

OMe

4-methoxyindole-2-carboxylic acid ethyl ester (106) (1.0 g, 4.8 mmol) and magnesium 

turnings (0.23 g, 9.7 mmol) were suspended in dried methanol (30 ml). The mixture was 

stirred at 5-10®C under nitrogen for 3h, then poured into dichloromethane (100 ml), and 

washed with saturated ammonium chloride solution. The layers were separated, and the 

aqueous phase was extracted with dichloromethane (3 x 50 ml). The organic portion and 

extracts were combined, dried over anhydrous sodium sulphate and concentrated under 

vacuum. The obtained crude product was purified by flash chromatography on silica gel 

using dichloromethane as eluent. The TLC showed the reaction to be incomplete. Starting 

material (0.47 9, 2.2 mmol) not reduced was redissolved in dried methanol (20 ml) and 

magnesium turnings (0.11 g, 4.5 mmol) were added. The mixture was stirred at 5-10®C for 

5 h and processed as described above to afford the title compound (0.82 g, 82%).

Partial reduction

'HNMR (400 MHz, CDClj) 8.97 (br s, 0.5H, NH); 7.32 (d, J = 0.7 Hz, IH, H? of 

indole); 7.23 (t, J = 8.0 Hz, IH, Hj of indole); 7.02 

(m, 2H, Hs of indole and of indoline); 6.52 (d, J = 

0.7 Hz, IH, H3 of indole); 6.41 (d, J = 8.0 Hz, IH, H? 

of indoline); 6.33 (d, J = 8.4 Hz, IH, H5 of indoline);

4.49 (br s, 2H, NH and d,d,J = 6.8Hz, J = 6.8 Hz, Hz 

of indoline); 3.96 (s, 3H, Ar-OCHg of indole); 3.94 

(s, 3H, OCH3 of indole); 3.80 (s, 3H, Ar-0 CH3 of 

indoline); 3.75 (s, 3H, OCH3 of indoline); 3.33 (m, 

2H, 2 X H3 of indoline)
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Total reduction
Melting point

'HNMR (400 MHz, CDCI3)

83-89°C

7.06 (t, J = 8.1 Hz, IH, of indoline); 6.42 (2d, J =

7.9 Hz, IH, H7 of indoline); 6.33 (d, J = 8.0 Hz, IH, 

Hs of indoline); 4.49 (br s, 2H, NH and d,d, J = 5.9 

Hz, Hz of indoline); 3.82 (s, 3H, Ar-OCHj of 

indoline); 3.76 (s, 3H, OCH3 of indoline); 3.35 (m, 

2H, 2 X H3 of indoline)

208 (76%) [MH]+; 230 (11%) [M+Naf; 148 (100%) 

[M*C02CH3)3f

Methyl-5-chloroindoline-2(R/S)-carboxylate (116)

Ethyl-5-chloro-2-indole carboxylate (107) (5.0 g, 22.3 mmol) and magnesium turnings 

(2.70 g, 111.7 mmol) were suspended in dried methanol (250 ml). The mixture was stirred 

at 5-10°C under nitrogen for 3h. The TLC showed the reaction to be incomplete and 

indicated prescence of some starting material. The solution was concentrated under 

reduced pressure to approx. 50 ml poured into dichloromethane (100 ml), and washed with 

saturated ammonium chloride solution. The layers were separated, and the aqueous phase 

was extracted with dichloromethane (3 x 50 ml). The organic portion and extracts were 

combined, dried over anhydrous sodium sulphate and concentrated under vacuum. The 

residual oil was purified by flash chromatography using dichloromethane as eluent, to 

afford the title compound (2.54 g, 54 %).

Melting point

'HNMR (400 MHz, CDCI3)

76-79°C

7.06 (m, 2H, H? Hô of indoline); 6.63 (d, J = 8.2 Hz, 

IH, H4 of indoline); 4.45 (br s, 2H, NH and d,d, J =
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MS(FAB)m/z(%)

7.2 Hz, J = 6.8 Hz, Hz of indoline); 3.77 (s, 3H, 

OCH3); 3.43 (m, 2H, 2 x H3 of indoline)

212 (100%) 153 (5%) [M-COjCHjf

5-benzyloxy-indoline-2(R/S)-carboxylic acid methyl ester (117)

BnQ

Ethyl-5-benzyloxy-indole-2-carboxylate (108) (5.0 g, 16.0 mmol) and magnesium turnings 

(4.11 g, 169 mmol) were suspended in dried methanol (350 ml). The mixture was stirred at

5-10°C under nitrogen for 3h, then poured into dichloromethane (200 ml), and washed 

with saturated ammonium chloride solution. The layers were separated, and the aqueous 

phase was extracted with dichloromethane (3 x 100 ml). The organic portion and extracts 

were combined, dried over anhydrous sodium sulphate and concentrated under vacuum. 

The obtained crude product was purified by flash chromatography on silica gel (petroleum 

spiritiethyl acetate, 5:1) to afford the title compound (2.70 g, 62 %).

Melting point

’HNMR (400 MHz, CDCIj)

MS(FAB)m/z(%)

94-97°C

7.42 (m, 8H, H? and OCHzQH;); 6.80 (m, 2H, H« H4 

of indoline); 5.12 (s. 2H, OCHjCsHs); 4.20 (br s, 2H, 

NH and d,d, J = 5.6 Hz, J = 5.6 Hz, Hz of indoline);

3.81 (s, 3H, OCH3); 3.48 (m, 2H, 2 x H3 of indoline)

284 (100%) [MH]+; 225 (31%) [M-COzCHs]" ;̂

1-(N>t-Butoxycarbonyl-2(S)-aminobutyryl)-4-methylindo[ine-2(R/S)-carboxylic 
acid methyl ester (118)
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CH

NHBoc

To a solution of 4-methylindoline-2(R/S.)-carboxylic acid methyl ester (111) (1.37 g, 7.1 

mmol) and N-t-butoxycarbonyl-2(S)-aminobutyric acid (43) (1.60 g, 7.8 mmol) in dry 

dichloromethane (25 ml), diisopropylcarbodiimide (2.24 ml, 14.3 mmol) was added under 

nitrogen at 10°C. The cooling bath was then removed and the reaction mixture stirred for 

24 h at room temperature. The precipitate that formed was collected by filtration and 

discarded. TLC examination of the filtrate showed the formation of two UV-absorbing 

products. Concentration of the filtrate under reduced pressure afforded the title compound 

which was purified by flash chromatography on silica gel (petroleum spirjtiethyl acetate, 

3:1). A white foam was obtained which was a mixture of two diastereomers (1.68 g, 62 %).

Melting point

'HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

iis - ia r c
7,31 (m. 3H, H7 Hs H« of indoline); 5.41 (m, 

IH, H; of indoline and NH of Abu); 4.23 (m, 

IH, CH of Abu); 3.79 (2s, 3H, OCHj); 3.63 (m, 

2H, 2 X Hj of indoline); 2.31 (s, 3H, Ar-CHj); 

1.92 (m, 2H, CHj of Abu); 1.48 (m, 9H, f-Bu); 

1.09(m ,3H,CHjofAbu)

377 (32%) [MH]^; 320 (39%) [M.C(CH3)3f  ; 

275 (27%) [M-C0zC(CH3)3]*; 190 (100%) [M- 

Abu]

1-(N-t-Butoxycarbonyl-2(S)-anninobutyryl)-6-chloroindorme-2(R/S)-carboxylic 
acid methyl ester (119)
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NHBoc

To a solution of 6-chloroindoline-2(R/S)-carboxylic acid methyl ester (112) (1.00 g, 4.7 

mmol) and N-t-butoxycarbonyl-2(S)-aminobutyric acid (43) (1.05 g, 5.1 mmol) in dry 

dichloromethane (15 ml), diisopropylcarbodiimide (0.71 ml, 5.6 mmol) was added under 

nitrogen at 10°C. The cooling bath was then removed and the reaction mixture stirred for 

24 h at room temperature. The precipitate that formed was collected by filtration and 

discarded. TLC examination of the filtrate showed the formation of two UV-absorbing 

products. Concentration of the filtrate under reduced pressure afforded a brown solid 

which was purified by flash chromatography on silica gel (dichloromethaneidiethyl ether, 

95:5). A white foam was obtained which was a mixture of two diastereomers (0.88 g, 47 

%).

Melting point

‘HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

122-131°C

8.28 (s, IH, Ht of indoline); 7.10 (m, 2H, H, H , of 

indoline); 5.41 (m, IH, H; of indoline); 5.03 (d, IH, 

NH of Abu); 4.0 (m, IH, CH of Abu); 3.79 (s, 3H, 

OCH3); 3.61 (m, 2H, 2H, of indoline); 1.92 (m, 2H, 

CH; of Abu); 1.48 (s, 9H, f-Bu); 1.15 (2t, J = 7.6 Hz, 

3H,CH)0fAbu)

397 (12%) [MH]^; 340 (25%) [M-C(CH))3] ;̂ 296 

(11%) [M-C02C(CH3)3r ;  211 (44%) [M-Abuf; 152 

(28%) [M-Abu-C02CH3f; 57 (100%) [C(CH3)3]^
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1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-4,5-dimethoxyindoline-2(R/S)- 
carboxylic acid methyl ester (120)

OMe
MeO,

NHBoc

To a solution of 4,5-dimethoxyindoline-2(R/S)-carboxylic acid methyl ester (113) (1.30 g,

5.5 mmol) and N-t-butoxycarbonyl-2(S)-aminobutyric acid (43) (1.23 g, 6.0 mmol) in dry 

dichloromethane (15 ml), diisopropylcarbodiimide (1.03 ml, 6.6 mmol) was added under 

nitrogen at 10®C. The cooling bath was then removed and the reaction mixture stirred for 

24 h at room temperature. The precipitate that formed was collected by filtration and 

discarded. TLC examination of the filtrate showed the formation of two UV-absorbing 

products. Concentration of the filtrate under reduced pressure afforded the title compound 

which was purified by flash chromatography on silica gel (petroleum spiritiethyl acetate, 

3:1). A white foam was obtained which was a mixture of two diastereomers (1.88 g, 83 %).

Melting point

'HNMR (400 MHz, CDCb)

M S (F A B )m /z (% )

122-129°C

7.94 (2d, J = 8.0 Hz, IH, H, of indoline); 6.72 (m, 

IH, H« of indoline); 5.67 (m, 2H, NH of Abu and Hj 

of indoline); 3.90 (m, 6H, 2Ar-OCH3); 3.79 (m, 3H, 

OCH3); 3.60 (m, 2H, 2 x H3 of indoline); 1.93 (m, 

2H, CHz of Abu); 1.49 (m, 9H, <-Bu); 1.13 (t, J = 7.2 

Hz,3H,CHjofAbu)

422 (%) [M]+; 236 (%) [M-Abuf ; 177 (%) [M-Abu- 

COzCHs]^
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1-(N-t-Butoxycarbonyl-2(S)>aminobutyryl)-4,5-methylenedioxyindoline- 
2(R/S)-carboxylic acid methyl ester (121)

NHBoc

To a solution of 4,5-methylenedioxy-indoline-2(R/S)-carboxylic acid methyl ester (114) 

(1,06 g, 4.7 mmol) and N-t-butoxycarbonyl-2(S)-aminobutyric acid (43) (1.07 g, 5.2 

mmol) in diy dichloromethane (12 ml), diisopropylcarbodiimide (0.89 ml, 5.7 mmol) was 

added under nitrogen at 10°C. The cooling bath was then removed and the reaction mixture 

stirred for 24 h at room temperature. The precipitate that formed was collected by filtration 

and discarded. TLC examination of the filtrate showed the formation of two UV-absorbing 

products. Concentration of the filtrate under reduced pressure afforded the title compound 

which was purified by flash chromatography on silica gel (petroleum spirit:ethyl acetate, 

3:1). A white foam was obtained which was a mixture of two diastereomers (1.73 g, 91 %).

Melting point

'HNMR (400 MHz, CDCI3)

M S (F A B )m /z (% )

129-135°C

7.82 (2d, IH, J = 8.4 Hz, H, of indoline); 6.73 (d, J =

8.4 Hz, IH, of indoline); 5.99 (d, J = 1.6 Hz, 2H, 

OCH2O); 5.44 (m, 2H, NH of Abu and Hz of 

indoline); 4.43 (m, IH, CH of Abu); 3.80 (s, 3H, 

OCH3); 3.55 (m, 2H, 2 x H3 of indoline); 1.92 (m, 

2H, CHz of Abu); 1.54 (2s, 9H, t-Bu); 1.13 (t, J = 7.2 

Hz, 3H, CH3 of Abu)

407 (24%) [MH]^ 349 (100%) [M-C(CH3)3]''; 305 

(65%) [M-C02C(CH3)3f; 290 (4%) [M-NHCO 

C(CH3)3f ; 221 (48%) [M-Abuf



Experimental 204

1-(N-t-Butoxycarbonyi-2(S)-aminobutyryl)-4-methoxyindoline-2(R/S)- 
carboxylic acid methyl ester (122)

OMe

NHBoc

To a solution of 4-methoxyindoline-2(R/S)~carboxylic acid methyl ester (115) (0.82 g, 3.9 

mmol) and N-t-butoxycarbonyl-2(S)-aminobutyric acid (43) (0.88 g, 4.3 mmol) in dry 

dichloromethane (15 ml), diisopropylcarbodiimide (0.73 ml, 4.7 mmol) was added under 

nitrogen at 10°C. The cooling bath was then removed and the reaction mixture stirred for 

24 h at room temperature. The precipitate that formed was collected by filtration and 

discarded. TLC examination of the filtrate showed the formation of two UV-absorbing 

products. Concentration of the filtrate under reduced pressure afforded the title compound 

which was purified by flash chromatography on silica gel (dichloromethaneidiethyl ether, 

95:5). A white foam was obtained which was a mixture of two diastereomers (1.32 g, 85 

%).

Melting point

'HNMR (400 MHz, CDCb)

M S (F A B )m /z (% )

94-99°C

7.90 (2d, J = 8,0 Hz, IH, H? of indoline); 7.27-6.66 

(m, 2H, Hi Hs of indoline); 5.68 (m, IH, H; of 

indoline); 5.07 (m, IH, NH of Abu); 3.86 (s, 3H, 

OCHj); 3.78 (2s, 3H, Ai-OCHj); 3.52 (m, 2H, 2 x Hs 

of indoline); 1.91 (m, 2H, CHj of Abu), 1.46 (m, 9H, 

<-Bu), 1.12 (2t, J = 7.2 Hz, 3H, CHs of Abu)

393 (33%) [MH]+; 336 (29%) [M-C(CHs)3r; 292 

(28%) [M-C02C(CHs)3r; 207 (87%) [M-Abuf; 147 

(12%) [M-Abu-COzCHs))]"^
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1-(N-t-Butoxycarbonyl-2(S)>aminobutyryl)-5-benzyloxy-indoline-2(R/S)- 
carboxylic acid methyl ester (123)

BnQ

NHBoc

To a solution of 5-benzyloxy-indoline-2(R/S)-carboxylic acid methyl ester (117) (2.70 g,

9.5 mmol) andN-t-butoxycarbonyl-2(S)-aminobutyric acid (43) (2.13 g, 10.4 mmol) in dry 

dichloromethane (24 ml), diisopropylcarbodiimide (1.79 ml, 11.4 mmol) was added under 

nitrogen at 10®C. The cooling bath was then removed and the reaction mixture stirred for 

24 h at room temperature. The precipitate that formed was collected by filtration and 

discarded. TLC examination of the filtrate showed the formation of two UV-absorbing 

products. Concentration of the filtrate under reduced pressure afforded "a brown solid 

which was purified by flash chromatography on silica gel (petroleum spiritiethyl acetate, 

5:1). A white foam was obtained which was a mixture of two diastereomers (3.65 g, 82 %).

Melting point

'HNMR (400 MHz, CDCU)

M S (F A B )m /z (% )

121-127°C

8.19 (2d, J = 8.6 Hz, IH, H? of indoline); 7.44 (m, 

5H, OCHaCeHs); 6.90 (m, 2H, H , of indoline);

5.69 (m, IH, Ha of indoline); 5.11 (s, 2H, 

OCHaCeHj); 4.45 (m, CH of Abu); 3.80 (2s, 3H, 

(XH3); 3.68 (m, 2H, 2 x Hj of indoline); 1.96 (m, 

2H, CHa of Abu); 1.51 (2s, 9H, t-Bu); 1.20 (t, J = 7.2 

Hz, 3H, CHs of Abu)

468 (20%) [M]*; 411 (13%) [M-C(CH3)j]*; 367 (9%) 

[M-NHCOa(CH3)3f  ; 282 (52%) [M-Abu]*; 223 (9) 

[M-Abu-C0aCH3f; 146 (46%) [M-Abu-COaCHj- 

CeHs]^
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1-(N-t-Butoxycarbonyl-2(S)>aminobutyryl)-4-methylindoline-2(R/S)-carboxylic 
acid (124)

CH

NHBoc

To a solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyryl)-4-methyIindoline-2(R/S)- 

carboxylic acid methyl ester (118) (1.68 g, 4.4 mmol) in methanol (25 ml) cooled by an 

ice/water bath, sodium hydroxide (0.35 g, 8.9 mmol) in water (3 ml) was added. The 

reaction mixture was stirred at 5-10°C for 5 h until disappearance of the starting ester. The 

mixture was then poured into dichloromethane (100 ml), and washed successively with 

saturated potassium hydrogen sulphate (3 x 25 ml), and water (50 ml). The organic layer 

was dried over anhydrous sodium sulphate, and concentrated under reduced pressure to 

afford a white foam which was used in the next step without further purification (1.61 g, 

100%).

Melting point

‘HNMR (400 MHz, CDCI3)

M S (FAB) m /z (%)

113-118*^0

8.12-7.65 (m, 3H, H? Hg He of indoline); 5.53 

(m, IH, H2 of indoline); 4.24 (br m, 2H, NH of 

Abu and CH of Abu and COOH); 3.43 (m, 2H,

2 X H3 of indoline); 2.32 (s, 3H, Ar-CHj); 1.92 

(m, 2H, CH] of Abu); 1.49 (m, 9H, f-Bu); 1.0 (t, 

J= 7.2 H z,3H,CH3 0fAbu)

363 (14%) [MH]*; 386 (22%) [M+Naf; 306 

(23%) [M-C(CH3)3] ;̂ 176 (34%) [M-Abu]; 131 

(99) [M-Abu-COaH]*



Experimental 207

1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-6-chloroindoline-2(R/S)-carboxyiic 
acid (125)

NHBoc

To a solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyryl)-6-chloroindoline-2(R/S)- 

carboxylic acid methyl ester (119) (0.88 g, 2.2 mmol) in methanol (50 ml) cooled by an 

ice/water bath, sodium hydroxide (0.18 g, 4.5 mmol) in water (2 ml) was added. The 

reaction mixture was stirred at 5-10°C for 5 h until disappearance of the starting ester. The 

mixture was then poured into dichloromethane (100 ml), and washed successively with 

saturated potassium hydrogen sulphate (3 x 25 ml), and water (50 ml). The organic layer 

was dried over anhydrous sodium sulphate, and concentrated under reduced pressure to 

afford a white foam which was used in the next step without further purification (0.63 g, 

74%).

Melting point

^HNMR (400 MHz, CDCI3)

MS (F A B )m /z(% )

143-147°C

8.21 (s, IH, H7 of indoline); 7.45 (m, 2H, H4 H5 of 

indoline); 5.33 (m, IH, H2 of indoline); 4.82-4.30 (m, 

2H, NH of Abu and CH of Abu); 3.35 (m, 2H, 2H3 

of indoline); 1.80 (m, 2H, CH2 of Abu); 1.49 (s, 9H, 

t-Bu); 1.0 (t, J = 7.6 Hz, 3H, CH3 of Abu)

383 (27%) 405 (100%) [M+Na]'^; 326 (53%)

[M-C(CH5)3f ;  152 (12%) [M-Abu-C02H]
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1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-4,5-dimethoxyindoline-2(R/S)- 
carboxylic acid (126)

OMe
MeO,

NHBoc

To a solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyryl)-4,5-dimethoxyindoiine- 

2(R/S)-carboxylic acid methyl ester (120) (1.80 g, 4.2 mmol) in methanol (40 ml) cooled 

by an ice/water bath, sodium hydroxide (0.34 g, 8.5 mmol) in water (3.5 ml) was added. 

The reaction mixture was stirred at 5-10®C for 5 h until disappearance of the starting ester. 

The mixture was then poured into dichloromethane (100 ml), and washed successively 

with saturated potassium hydrogen sulphate (3 x 25 ml), and water (50 ml). The organic 

layer was dried over anhydrous sodium sulphate, and concentrated under reduced pressure 

to afford a white foam which was used in the next step without further purification (1.68 g, 

99 %).

Melting point

'HNMR (400 MHz, ds-DMSO)

MS(FAB)m/z(%)

111-117°C

7.78-6.83 (m, 2H, H , H« of indoline);); 5.12 (m, 2H, 

NH of Abu and Hi of indoline); 3.79 (2s, 6H, 2Ar- 

OCH3); 3.60 (m, >3H, CH of Abu, 2 x H3 of 

indoline, COOH and water); 1.90 (m, 2H, CHi of 

Abu); 1.41 (m, 9H, t-Bu); 0.88 (t, J = 7.2 Hz, 3H, 

CH3 of Abu)

409 (2%) [MH]+; 351 (35%) [M-C(CH3)3]; 308 [M- 

COiC(CH3)3]; 223 (91%) [M-Abu]; 178 (43%) [M- 

Abu-COiH)
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1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-4,5-methylenedioxy-indoline- 
2(R/S)-carboxylic acid (127)

NHBoc

To a solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyiyl)-4,5-methylenedioxy-indoline- 

2(R/S)-carboxylic acid methyl ester (121) (1.78 g, 4.4 mmol) in methanol (40 ml) cooled 

by an ice/water bath, sodium hydroxide (0.35 g, 8.9 mmol) in water (3.5 ml) was added. 

The reaction mixture was stirred at 5-10°C for 5 h until disappearance of the starting ester. 

The mixture was then poured into dichloromethane (100 ml), and washed successively 

with saturated potassium hydrogen sulphate (3 x 25 ml), and water (50 ihl). The organic 

layer was dried over anhydrous sodium sulphate, and concentrated under reduced pressure 

to afford a white foam which was used in the next step without further purification (1.68 g, 

96%).

Melting point

'HNMR (400 MHz, CDClj)

MS(FAB)m/z(%)

116-123°C

8.18-6.83 (m, 2H, H? Hj of indoline); 5.93 (s. 2H, 

OCHzO); 5.52 (m, 2H, NH of Abu and %  of 

indoline); 4.24 (m, >3H, 2 x H3 of indoline, CH of 

Abu and COOH); 2.01 (m, 2H, CH2 of Abu); 1.46 

(m, 9H, f-Bu); 0.98 (m, 3H, CHj of Abu)

393 (10%) [MH]*; 336 (100%) [M-C(CH3)3]^; 292 

(94%) [M-C02C(CH3)j]^; 206 (47%) [M-Abu]^



Experimental 210

1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-4-methoxyindoline-2(R/S) 
carboxylic acid (128)

OMe

NHBoc

To a solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyiyl)-4-methoxyindoline-2(R/S)- 

carboxylic acid methyl ester (122) (0.90 g, 2.2 mmol) in methanol (50 ml) cooled by an 

ice-water bath, sodium hydroxide (0.18 g, 4.5 mmol) in water (1 ml) was added The 

reaction mixture was stirred at 5-10°C for 5 h until disappearance of the starting ester. The 

mixture was then poured into dichloromethane (100 ml), and washed successively with 

saturated potassium hydrogen sulphate (3 x 25 ml), and water (50 ml). The organic layer 

was dried over anhydrous sodium sulphate, and concentrated under reduced pressure to 

afford a white foam which was used in the next step without further purification (0.82 g, 

95%).

Melting point

'HNMR (400 MHz, dfi-DMSO)

M S (F A B )m /z (% )

84-91°C

7.89 (m, 2H, H? of indoline and EU of indoline); 6.80 

(2d, J = 7.9 Hz, IH, H5 of indoline); 5.85 (m, >2H, 

NH of Abu, H2 of indoline and COOH); 4.60 (m, 4H, 

CH of Abu, Ar-OCHj); 3.54 (m, 2H, 2 x H3 of 

indoline); 2.06 (m, 2H, CHz of Abu); 1.52 (m, 9H, t- 

Bu); 1.11 (m, 3H, CH3 of Abu)

379 (12%) [MH]+; 401 (100%) [M+Na]*; 322 (36%) 

[M-C(CH3)3]+ 193 (70%) [M-Abuf; 147 (12%) [M- 

Abu-COaH]^
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1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-benzyloxy-indoline-2(R/S)- 
carboxylic acid (129)

BnQ

NHBoc

To a solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyryl)-5-benzyloxy-indoIine-2(R/S)- 

carboxylic acid methyl ester (123) (2.18 g, 4.6 mmol) in methanol (80 ml) cooled by an 

ice/water bath, sodium hydroxide (0.37 g, 9,3 mmol) in water (4 ml) was added. The 

reaction mixture was stirred at 5-10°C for 5 h until disappearance of the starting ester. The 

mixture was then poured into dichloromethane (100 ml), and washed successively with 

saturated potassium hydrogen sulphate (3 x 25 ml), and water (50 ml). The organic layer 

was dried over anhydrous sodium sulphate, and concentrated under reduced pressure to 

afford a white foam which was used in the next step without further purification (1.92 g, 90 

%).

Melting point

'HNMR (400 MHz, dg-DMSO)

MS(FAB)m/z(%)

109-1 B 'C

7.95 (m, IH, H7 of indoline); 7.44 (m, 5H, 

OCHjCcHs); 6.91 (s, IH, %  of indoline); 6.80 (d, J = 

8.0Hz, H6 of indoline); 5.48 (m, IH, Hz of indoline); 

4.93 (s, 2H, OCH2C6H5); 4.10-3.54 (m, CH of Abu, 2 

X H3 of indoline and water); 1.66 (m, 2H, CHz of 

Abu); 1.29 (2s, 9H, r-Bu); 0.77 (m, 3H, CH jof Abu) 

455 (2%) [MH]*; 397 (27%) [M-C^CHs)]]^; 353 

(48%) [M.C0z(CH3)3]+; 268 (58%) [M-Abu]*; 221 

(9%) [M-Abu-COzH]*; 144 (100%) [M-Abu-COzH-
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1-(N-t-Butoxycarbonyl-2(S)-aminobutyryi)-4-methylindoline>2(R/S)-carboxylic 
acid (2,2,2-trlfluoroethyl)amide (130)

CH

NHBoc

A solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyTyl)-4-methylindoline-2(R/S)- 

carboxylic acid (124) (0.40 g, 1,1 mmol) and 2^,2-trifluoroethylamine hydrochloride salt 

(0.44 g, 3.3 mmol) in diy dichloromethane (15 ml) was purged thoroughly with nitrogen 

and then cooled to 0®C by an ice/salt bath. After 30 min triethylamine (1.37 ml, 9.9 mmol) 

was added followed by the addition of bis(2-oxo-3-oxazolidinyl)phosphinic chloride (0.84 

g, 3.3 mmol) at the same temperature. The cooling bath was removed and the reaction 

mixture stirred for 24 h, then filtered through a pad of Celite. The filtrate vms diluted with 

dichloromethane and the resulting solution washed with saturated sodium hydrogen 

carbonate, dried over anhydrous sodium sulphate and concentrated in vacuo. The crude 

residue was purified by flash chromatography on silica gel (petroleum spirit-ethyl acetate, 

8:2) to afford a pale yellow oil. The product was further purified by preparative reversed- 

phase HPLC eluting with 68:32 methanol-water at 2.5 ml/min. The major peaks at 5.4 min 

and 6.2 min were collected to give a white solid (0.33 g, 70%).

Melting point

*HNMR (400 MHz, CDCI3)

M S (F A B )m /z (% )

132-138°C

7.60 (m, 3H, H? He H5 of indoline); 5.54 (m, 2H, NH 

of Abu and Hi of indoline); 4.21 (m, 5H, CH of Abu, 

CH2CF3 and 2 X H3 of indoline); 2.32 (s, 3H, Ar- 

CHj); 1.95 (m, 2H, CHi of Abu); 1.53 (m, 9H, r-Bu);

1.0 (2t, J = 7.2 Hz, 3H, CH3 of Abu)

444 (35%) 387 (21%) [M-QCH,):]"^; 343

(53%) [M-C02C(CH3)3f; 258 (74%) [M-Abuf; 132 

(100%) [M-Abu-CONHCFj]^ 57 (47%) [C(CH))3]'̂
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1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-6-chloroindoline-2(R/S)-carboxylic 
acid (2,2,2-trifluoroethyl)amide (131)

NHBoc

A solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyryl)-6-chloromdoline-2(R/S)- 

carboxylic acid (125) (0.50 g, 1.3 mmol) and 2^^-trifluoroethylamme hydrochloride salt 

(0.53 g, 3.9 mmol) in dry dichloromethane (15 ml) was purged thoroughly with nitrogen 

and then cooled to 0°C by an ice/salt bath. After 30 min triethylamine (1.63 ml, 11.7 

mmol) was added followed by the addition of bis(2-oxo-3-oxazolidinyl)phosphinic 

chloride (0.99 g, 3.9 mmol) at the same temperature. The cooling bath was removed and 

the reaction mixture stirred for 24 h, then filtered through a pad of Celite. The filtrate was 

diluted with dichloromethane and the resulting solution washed with saturated sodium 

hydrogen carbonate, dried over anhydrous sodium sulphate and concentrated in vacuo. The 

crude residue was purified by flash chromatography on silica gel (dichloromethane-ethyl 

acetate, 8:2) to afford a pale yellow oil. Partial diastereoisomer separation was also 

achieved by cystillization from dichloromethane-ether to give 131-1: S diastereoisomer 

(0.21 g, 36 %) and 131-2 : R/S diastereoisomer mixture. (0.14 g, 23 %).

SS 131-1:
‘HNMR (400 MHz, CDCI3)

M S (F A B )m /z (% )

7.48 (br s. IH, CT3CO2H); 7.13 (m, IH, H7 of 

indoline); 6.36 (d, J = 8.0 Hz, IH, H5 of indoline);

6.21 (m, IH, EL| of indoline); 5.24 (d, J = 9.6 Hz, IH, 

H2 of indoline); 4.17 (m, 5H, CH of Abu, CH2CF3,2 

X H3 of indoline); 2.10 (m, 2H, CH2 of Abu); 1.55 (s, 

9H, r-Bu); 1.32 (t, J = 7.2 Hz, 3H, CH3 of Abu)

444 (3%) [MH]+; 343 (6%) [M-C02C(CH3)3f ; 257 

(12%) [M-Abu]*; 131 (8%) [M-Abu-C0NHCF3]*
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HPLC

SS 131-2:
'HNMR (400 MHz, CDCb)

MS(FAB)m/z(%)

HPLC

Methanol-water (75:25) + 0.1% triethylamine 

Rt = 9.0 min, 99.3 %

8.29 (m, 2H, H? of indoline); 7.25 (m, 2H, Hs H# of 

indoline); 5.20 (m, IH, H2 of indoline); 4.19 (m, 5H, 

CH of Abu, CH2CF3, 2 X H3 of indoline); 1.80 (m, 

2H, CH2 of Abu); 1.51 (s, 9H, f-Bu); 1.29 (m, 3H, 

CHj of Abu)

444 (24%) [MH]+; 343 (68%) [M.C02C(CH3)3f ; 257 

(12%) [M-Abu]*; 131 (52%) [M-Abu-C0NHCF3]*

Methanol-water (75:25) + 0.1% TFA

Rt = 7.3 min, 67.9 %

Rt = 9.0 min, 32.1 %

1-(N-t-Butoxycarbonyl-2(S)*aminobutyryl)-4,5-dimethoxyindo(ine-2(R/S)- 
carboxylic acid (2,2,2-trifluorcethyl)amide (132)

OMe
MeO.

NHBoc

A solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyryl)-4,5-dimethoxyindoline-2(R/S)- 

carboxyiic acid (126) (0.38 g, 0.8 mmol) and 2,2,2-trifluoroethylamine hydrochloride salt 

(0.36 g, 2.6 mmol) in dry dichloromethane (15 ml) was purged thoroughly with nitrogen 

and then cooled to 0°C by an ice/salt bath. After 30 min triethylamine (1.12 ml, 8.0 mmol) 

was added followed by the addition of bis(2-oxo-3-oxazolidinyl)phosphinic chloride (0.68 

g, 2.6 mmol) at the same temperature. The cooling bath was removed and the reaction 

mixture stirred for 24 h, then filtered through a pad of Celite. The filtrate was diluted with
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dichloromethane and the resulting solution washed with saturated sodium hydrogen 

carbonate, dried over anhydrous sodium sulphate and concentrated in vacuo. The crude 

residue was purified by flash chromatography on silica gel (petroleum spirit-ethyl acetate, 

3:1) to afford a pale yellow oil. The product was further purified by preparative reversed- 

phase HPLC eluting with 75:25 methanol-water at 2.5 ml/min. The major peaks at 6.3 min 

and 6.6 min were collected to give a white solid (0.25 g, 57 %).

Melting point

'HNMR (400 MHz, CDCb)

MS(FAB)m/z(%)

131-136°C

8.15 (d, J= 8.0 Hz, IH, H7 of indoline); 7.84 (d, J =

8.2 Hz, IH, Ht of indoline); 5.35 (m, 2H, H2 of 

indoline and NH Abu); 4.07 (m, 5H, CH of Abu, 2 x 

Hj of indoline, and CH2CF3); 3.79 (2s, 6H, 2 x Ar- 

OCHj); 1.43 (m, 9H, r-Bu)

490 (100%) [MH]*; 434 (35%) [M-C(CH3)3]*; 390 

(15%) [M-C02(CH3)3r; 291 (9%) [M-

C0NHCH2CF3-0C(CH3)3]'^

1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-4,5-dinfiethoxyindoline-2(R/S)- 
carboxylic acid (2,2,2-trifiuoroethyi)amlde (133)

NHBoc

A solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyryI)-4,5-methylenedioxy-indoline- 

2(R/S)-carboxylic acid (127) (0.38 g, 9.6 mmol) and 2,2/2-trifluoroethylamine 

hydrochloride salt (0.39 g, 2.9 mmol) in dry dichloromethane (15 ml) was purged 

thoroughly with nitrogen and then cooled to 0°C by an ice/salt bath. After 30 min 

triethylamine (1.21 ml, 8.7 mmol) was added followed by the addition of bis(2-oxo-3-



Experimental 216

oxazolidinyl)phosphinic chloride (0.73 g, 2.9 mmol) at the same temperature. The cooling 

bath was removed and the reaction mixture stirred for 24 h, then filtered through a pad of 

celite. The filtrate was diluted with dichloromethane and the resulting solution washed 

with saturated sodium hydrogen carbonate, dried over anhydrous sodium sulphate and 

concentrated in vacuo. The crude residue was purified by flash chromatography on silica 

gel (petroleum spirit-ethyl acetate, 3:1) to afford a pale yellow oil. The product was further 

purified by preparative reversed-phase HPLC eluting with 75:25 methanol-water at 2.5 

ml/min. The major peaks at 6.7 min and 7.1 min were collected to give a white solid (0.22 

&48%).

Melting point

^HNMR (400 MHz, CDCI3)

MS (FAB)m/z(%)

134-139°C

7.61 (m, IH, H7 o f indoline); 6.97 (m, IH, Hg of 

indoline); 5.98 (s, 2H, OCH2O); 5.50 (m, 2H, %  of 

indoline and NH of Abu); 4.19 (m, 5H, CH of Abu, 

CH2CF3, and 2 X H j of indoline); 1.91 (m, 2H, CH2 

of Abu); 1.45 (2s, 9H, t-Bu); 1.14 (m, 3H, CHj of 

Abu)

473 (25%) [M]'"; 417 (11%) [M-C(CH3)3]''; 373 

(19%) [M-C02(CH3)3f ;  288 (100%) [M-Abuf; 162 

(77%) [M-Abu-CONHCH2CF3] ;̂ 132 (27) [M-Abu- 

C0NHCH2CF3-CH20f

1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-4-methoxyindoline-2(R/S)- 
carboxylic acid (2,2,2-trlfluoroethyl)amlde (134)

OMe

NHBoc
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A solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyryl)-4-methoxyindoline-2(R/S)- 

carboxylic acid (128) (0.30 g, 0.7 mmol) and 2,2,2-trifluoroethylamine hydrochloride salt 

(0.32 g, 2.3 mmol) in dry dichloromethane (15 ml) was purged thoroughly with nitrogen 

and then cooled to 0°C by an ice-salt bath. After 30 min triethylamine (0.99 ml, 7.1 mmol) 

was added followed by the addition of bis(2-oxo-3-oxazolidinyl)phosphinic chloride (0.60 

g, 2.3 mmol) at the same temperature. The cooling bath was removed and the reaction 

mixture stirred for 24 h, then filtered through a pad of Celite. The filtrate was diluted with 

dichloromethane and the resulting solution washed with saturated sodium hydrogen 

carbonate, dried over anhydrous sodium sulphate and concentrated in vacuo. The crude 

residue was purified by flash chromatography on silica gel (petroleum spirit-ethyl acetate, 

7:3) to afford a pale yellow oil. The product was further purified by preparative reversed- 

phase HPLC eluting with 58:42 methanol-water at 2.5 ml/min. The major peaks at 7.4 min 

and 7.8 min were collected to give a white solid (0.22 g, 62%).

Melting point

'HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

102-107°C

7.82 (m, 2H, H7 He of indoline); 6.80 (m, IH, H5 of 

indoline); 5.46 (m, 2H, NH of Abu and H2 of 

indoline); 4.34 (m, 4H, CH of Abu and Ar-OCHj);

3.73 (m, 2H, 2 x H3 of indoline); 2.06 (m, 2H, CH2 

of Abu); 1.50 (m, 9H, r-Bu); 1.31 (m, 3H, CH3 of 

Abu)

460 (12%) [MH]+; 483 (100%) [M+Na]^; 403 (22%) 

[M-C(CH))3]+; 359 (57%) [M-C02C(CH3)3]* 274 

(100%) P4-Abuf;148 (81%) [M-Abu-

CONHCH2CF3]*

1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-benzyoxy-indoline-2(R/S)- 
carboxylic acid (2,2,2-trif!uoroethyl)am!de (135)



Experimental 218

BnQ

NHBoc

A solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyryl)-5-benzyloxy-indoline-2(R/S)- 

carboxylic acid (129) (1.50 g, 3.3 mmol) and 2,2,2-trifluoroethylamine hydrochloride salt 

(1.34 g, 9.9 mmol) in dry dichloromethane (25 ml) was purged thoroughly with nitrogen 

and then cooled to 0®C by an ice/salt bath. After 30 min triethylamine (4.13 ml, 29.7 

mmol) was added followed by the addition of bis(2-oxo-3-oxazolidinyl)phosphinic 

chloride (2.52 g, 9.9 mmol) at the same temperature. The cooling bath was removed and 

the reaction mixture stirred for 24 h, then filtered through a pad of Celite. The filtrate was 

diluted with dichloromethane and the resulting solution washed with saturated sodium 

hydrogen carbonate, dried over anhydrous sodium sulphate and concentrated in vacuo. 

Chromatography of the crude residue on silica gel (petroleum spirit-ethyl acetate, 3:1) 

afforded the title compound as a white solid. (1.28 g, 73 %).

Melting point

^HNMR (400 MHz, CDCI3)

M S (F A B )m /z (% )

123-129°C

8.22-7.54 (m, 6H, H7 of indoline and OCHiQH;); 

6.98 (m, 2H, EL, of indoline); 5.51 (m, 4H, KH of 

Abu, Hz of indoline and OCHiCeHs); 4.25 (m, 5H, 

CH of Abu, CH2CF3 and 2 x H3 of indoline); 2.04 

(m, 2H, CHz of Abu); 1.56 (m, 9H, <-Bu); 1.17 (t, J =

7.2 Hz, 3H, CHs of Abu)

536 (4%) [MH]^; 478 (19%) [M-C^CHs),]^; 434 

(100%) [M-COz(CH3)sr; 224 (3%) [M-Abu-

C0NHCHzCF3f; 146 (14%) [M-Abu-

CONHCHzCF3-C6H5f
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1-(2(S)-Aminobutyryl)>4-methylmdoline>2(R/S)-carboxylic acid (2,2,2 
trifluoroethyl)amide trifluoroacetate (136) (UCL 2101-F)

CH

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-4-methyiindoline-2(R/S)- 

carboxylic acid (2,2,2-trifluoroethyl)amide (130) (0,06 g, 0,1 mmol) in dichloromethane (5 

ml) was cooled to 0°C by an ice bath. To this solution trifluoroacetic acid (0.4 ml) was 

added dropwise under a nitrogen atmosphere. The resulting mixture was stirred at 0-5®C 

for 3 h. Evaporation of the solution to dryness under reduced pressure afforded the title 

compound in quantitative yield. The residual oil was dissolved in di^hyl ether and 

evaporated in vacuo until foam formation (45 mg, 73 %).

Melting point

'HNMR (400 MHz, ds-DMSO)

MS(FAB)m/z(%)

IR(v/cm'')

HPLC

9.24 (2t, 0.5H, CF3CO2H); 7.9 (d, J = 8.0 Hz, IH, H , 

of indoline); 7.23 (m, 2H, He Hg of indoline); 5.40- 

4.91 (m, IH, Hz of indoline); 4.16 (m, 3H, CH of 

Abu, CONHCHz); 3.5 (m, >2H, H3 of indoline and 

water); 2.24 (s, 3H, Ar-CHj); 1.85 (m, 2H, CHz of 

Abu); 0.96 (2t, J = 7,2 Hz, 3H, CH3 of Abu)

344 (100%) [MH]+; 258 (34%) [M-Abuf; 217 (2%) 

[M- CONHCFjf; 131 (34%) [M-Abu-CONHCFjf

3447.5 (br m, O H  str); 3227.3 (m, amide N-H str);

3031.8 (m, amine N-H str); 2944.5 (m, sp  ̂C-H str);

1672.1 (s, amide C=0 str); 1539,0 (s, arom C=C str);

1486.7 (m, sp  ̂C-H bend); 1204.2 (s, amide C-N str);

837.3 (m, C-F str); 725,4 (m, arom C-H bend)

Methanol-water (40:60) + 0.1% TFA



Experimental 220

Analysis

Rt = 12.6 min, 46.2 %

13.6 min, 53.8 % 

C16H20F3N3O2; 1.3 (C F3C 02H ) 

calculated C: 45.45 H: 4.37

found C: 45.54 H: 4.03

Molecular weight: 491.63 

Base weight: 343.35

N: 8.55 

N: 8.83

1-(2(S)-Aminobutyryl)-6-chloromdoline-2(S)-carboxylic acid (2,2,2- 
trifluoroethyl)amide trifluoroacetate (137) (UCL 2058-F)

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobiityryl)-6-chloroindoline-2(S)-carboxylic 

acid (2,2,2-trifluoroethyl)amide (131-1) (0.14 g, 0.3 mmol) in dichloromethane (6 ml) was 

cooled to 0®C by an ice bath. To this solution trifluoroacetic acid (1.0 ml) was added 

dropwise under a nitrogen atmosphere. The resulting mixture was stirred at 0-5°C for 3 h. 

Evaporation of the solution to dryness under reduced pressure gave the crude product 

which was purified by column chromatography on silica gel employing 

dichloromethane:methanol, 15:1. Trifluoroacetic acid (1-2 drops) was added to the final 

product, which was dried under high vacuum at room temperature and obtained as a white 

powder (115 mg, 75 %).

M elting point

‘HNM R (400 M Hz, de-DMSO)

138-141°C

9.27 (t, IH, CF3CO2H); 8.13 (s, IH, H7 of indoline); 

7.34 (d, J = 8.0 Hz, IH, H, of indoline); 7.19 (m, IH, 

H» of indoline); 5.20 (d,d, Ji = 1.6 Hz, J; = 8.4 Hz, 

IH, B i of indoline); 4.09 (m, 2H, CHjCFj); 3.75
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MS(FAB)m/z(%) 

IR (v/cm'^)

HPLC

Analysis

(d,d, J] = 11.2 Hz, J2 = 1-8 Hz, H3 of indoline); 3.68 

(m, IH, CH of Abu); 3.13 (d, J = 2Hz, H3 of 

indoline); 1.98 (m, 2H, CHz of Abu); 1.08 (t, J = 7.2 

Hz, 3H, CH3 of Abu)

364 (100%) [MH]^

3427.0 (br m, O H  str); 3252.1 (m, amide N-H str);

3094.8 (m, amine N-H str); 2963.5 (m, sp  ̂C H str);

1678.3 (s, amide C=0 str); 1536.6 (s, arom C=C str);

1485.4 (m, sp  ̂C-H bend); 1204.6 (s, amide C-N str);

835.8 (m, C-F str); 710.5 (m, arom C H bend)

Methanol-water (50:50) + 0.1% TFA 

Rt = 13.9 min, 99.3 % (S-isomer)

C15H17CIF3N3O2; 3 .0 (C F3C 0 2 H ) 

calculated C: 35.74 H: 2.86 N: 5.95

found C: 35.67 H: 2.98 N: 5.95

Molecular weight: 705.82 

Base weight: 363.71

1-(2(S)-Ammobutyryl)-6-chloroindoline-2(R/S)-carboxylic acid (2,2,2- 
trifluoroethyl)amide trifluoroacetate (138) (UCL 2059-F)

CONHCHoCF

NH2(CF3C02H)2.9(H20)i .i
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A  solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-6-chloroindoline-2(R/S)- 

carboxylic acid (2^^-trifluoroethyl)aniide (131-2) (0,10 g, 0.2 mmol) in dichloromethane 

(3 ml) was cooled to 0®C by an ice bath. To this solution trifluoroacetic acid (0.5 ml) was 

added dropwise under a nitrogen atmosphere. The resulting mixture was stirred at 0-5°C 

for 3 h. Evaporation of the solution to diyness under reduced pressure gave the crude 

product which was purified by column chromatography on silica gel employing 

dichloromethaneimethanol, 15:1. Trifluoroacetic acid (1-2 drops) was added to the final 

product, which was dried under high vacuum at room temperature and obtained as a white 

powder (65 mg, 65 %).

Melting point

’HNMR (400 MHz, de-DMSO)

MS(FAB)m/z(%)

IR(v/cm'')

HPLC

Analysis

119-123X

9.32 (2t, IH, CF3CO2H); 8.13-8.03 (2s, IH, H? of 

indoline); 7.34 (m, IH, H5 of indoline); 7.18 (m, H4 

of indoline); 5.42-5.22 (2d,d, Ji = 2.0 Hz, J2 = 8.4 Hz, 

IH, H2 of indoline); 4.05 (m, >5H, CH2CF3, 2 x H3 

of indoline, CH of Abu and H2O); 3.13 (d,d, J = 2Hz, 

J = 15 Hz, H3 of indoline); 1.99(m, 2H, CH2 of Abu); 

0.99 (2t, J = 7.6 Hz, 3H, CH3 of Abu)

364 (42%) [MH]^

3450.6 (br m, O H  str); 3255.4 (m, amide N-H str)

3033.8 (m, amine N-H str); 2961.5 (m, sp  ̂C H str)

1672.1 (s, amide 0 = 0  str); 1516.4 (s, arom C=C str)

1484.8 (m, sp  ̂C H bend); 1207.0 (s, amide C-N str)

835.1 (m, C-F str); 723.4 (m, arom C-H bend)

Methanol-water (50:50) + 0.1% triethylamine

Rt = 11.7 min, 66.0 % (R-isomer)

13.5 min, 32.9 % (S-isomer)

C15H17CIF3N3O2; 2.9(CF3C02H); 1.1(H20) 

calculated C: 34.98 H: 3.18 N: 5.88

found C: 34.66 H: 2.87 N: 5.59
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1 -(2(S)-Aminobutyryl)-4,5-dimethoxylindoline-2(R/S)-carboxylic acid (2,2,2- 
trifluoroethyl)amide trifluoroacetate (139) (UCL 2207-F)

OMe
MeO,

.  NH2(CF3C02H)i .7

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-4,5-dimethoxyindoline-2(R/S)- 

carboxylic acid (2,2,2-trifluoroethyl)amide (132) (0.11 g, 0.2 mmol) in dichloromethane (3 

ml) was cooled to 0°C by an ice bath. To this solution trifluoroacetic acid (1.0 ml) was 

added dropwise under a nitrogen atmosphere. The resulting mixture was stirred at 0-5°C 

for 3 h. Evaporation of the solution to dryness under reduced pressure afforded the title 

compound in quantitative yield. The residual oil was dissolved in petroleum spiritiacetone 

7:3 and evaporated in vacuo until foam formation (100 mg, >100 %).

Melting point

'HNMR (400 MHz, dé-DMSO)

82-87°C

7.80 (2d, J = 8.4 Hz, IH, H, of indoline); 7.01 (d, J =

8.0 Hz, IH, Ht of indoline); 5.32 (2d,d, 2H, NH of 

Abu and H2 of indoline); 4.05 (m, >5H, CH of Abu, 

CH2CF3, 2 X H3 of indoline and water); 1.98 (m, 2H, 

CH2 of Abu); 1.04 (m, 3H, CH3 of Abu)

390 (100%) [MH]+ 303 (24%) [M-Abuf

3447.6 (m, O H  str); 3231.4 (m, amide N-H str);

3205.9 (m, amine N-H str); 3071.5 (m, sp  ̂C H str); 

1675.9, 1657.0 (s, amide C=0 str); 1496.2 (s, arom 

C=C str); 1478.0 (m, sp  ̂C H bend); 1204.4 (s, amide 

C-N str); 1163.7 (s, ether C O  str); 833.2 (m, C-F 

str); 810.5 (m, arom C H bend)
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HPLC

Analysis

Methanol-water (50:50) + 0.1% triethylamine 

Rt= 11.2 min, 100 %

C17H22F3N3O4; 1.7(CF3C02H) 

calculated C: 46.19 H: 4.57

found C: 46.41 H: 4.62

Molecular weight: 583.23

Base weight: 389.38

N: 9.97 

N: 10.04

1-(2(S)-Aminobutyryl)-4,5-methylenedioxy-indoline-2(R/S)-carboxylic acid 
(2,2,2-trifluoroethy!)amide trifluoroacetate (140) (UCL 2215-F)

/

NH2(CF3C02H)i.5 (CH3COCH3)o.9

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-4,5-methylenedioxy-indoline- 

2(R/S)-carboxyIic acid (2,2,2-trifluoroethyl)amide (133) (0.20 g, 0.4 mmol) in 

dichloromethane (4 ml) was cooled to 0®C by an ice bath. To this solution trifluoroacetic 

acid (1.5 ml) was added dropwise under a nitrogen atmosphere. The resulting mixture was 

stirred at 0-5 °C for 3 h. Evaporation of the solution to dryness under reduced pressure 

afforded the title compound. The residual oil was dissolved in petroleum spirit:acetone 7:3 

and evaporated in vacuo until foam formation (230 mg, >100 %).

M elting point

'HNM R (400 M Hz, de-DMSO)

89-97°C

7.61 (d, IH, H, of indoline); 6.80 (d, IH, of

indoline);); 5.98 (s, 2H, OCH2O); 5.34 (d, IH, Hz of 

indoline); 4.03-3.04 (m, >5H, CH of Abu, CH2CF3,2
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MS(FAB)m/z(%)

IR(v/cm ')

HPLC

Analysis

X H3 of indoline and water); 1.97 (m, 2H, CH2 of 

Abu); 1.02 (m, 3H, CH3 of Abu)

374 (31%) [MH]+; 287 (100%) [M-Abuf; 163 (2%) 

[M-Abu-CONHCHîCFjf

3280.7 (m, amide N-H str); 3273.6 (m, amine N-H 

str); 3073.6 (m, sp  ̂ C-H str); 2977.6 (s, O CH 2-O 

str); 1677.0, 1657.9 (s, amide C=0 str); 1539.6 (s, 

arom C=C str); 1466.8 (m, sp  ̂C-H bend); 1244.4 (s, 

amide C-N str); 1166.9 (s, ether C-O str); 803.2 (m, 

C-F str); 722.7 (m, arom C H bend)

Methanol-water (40:60) + 0.1% triethylamine

Rt = 20.3 min, 47.6 %

21.5 min, 52.4%

C16H 18F3N3O4; 1.5(CF3C02H); 0.9(CH3COCH3) 

calculated C: 43.68 H: 4.21 K: 7.04

found C: 43.95 H: 4.13 

Molecular weight: 596.61 

Base weight: 373.33

N: 7.40

1 -(2(S)-Aminobutyryl)-4-methoxyindoline*2(R/S)-carboxylic acid (2,2,2- 
trifluoroethyl)amide trifluoroacetate (141) (UCL 2102-F)

OMe

CONHCH.CF



Experimental 226

A solution of l-(N-t-Butoxycarbonyl-2(S)“aminobutyTyl)-4-methoxyindoiine-2(R/S)- 

carboxylic acid (2,2,2-trifluoroethyl)amide (134) (0.07 g, 0.1 mmol) in dichloromethane (5 

ml) was cooled to 0°C by an ice bath. To this solution trifluoroacetic acid (0.4 ml) was 

added dropwise under a nitrogen atmosphere. The resulting mixture was stirred at 0-5®C 

for 3 h. Evaporation of the solution to diyness under reduced pressure afforded the title 

compound in quantitative yield. The residual oil was dissolved in diethylether and 

evaporated in vacuo until foam formation (46 mg, 97 %).

Melting point

’HNMR (400 MHz, dô-DMSO)

MS(FAB)m/z(%) 

IR (v/cm"')

HPLC

Analysis

9.12 (t, IH, CONH); 7.79 (d, J = 7.8 Hz, IH, H? of 

indoline); 7.36 (t, J = 7.9 Hz, IH, of indoline);

6.82 (m, IH, Hj of indoline); 5.36-4.87 (m, IH, Hj of 

indoline); 4.09-3.03 (m, >8, CH of Abu, CONHCH2, 

OCH3 of phenyl, 2 x H , of indoline and water); 2.0 

(m, 2H, CHi of Abu); 1.06 (m, 3H, CHj of Abu)

360 (100%) [MH]+; 280 (9%) [M-Abu]’"

3440.6 (br m, O H  str); 3238.5 (m, amide N-H str);

3035.7 (m, amine N-H str); 2954.6 (m, sp  ̂C-H str);

1664.1 (s, amide C=0 str); 1540.4 (s, arom C=C str);

1463.7 (m, sp  ̂C-H bend); 1215.4 (s, amide C-N str);

1157.0 (m, ether C-O str); 837.2 (m, C-F str); 725.1 

(m, arom C H bend)

Methanol-water (40:60) + 0.1% triethylamine 

Rt = 17.5 min, 97.4 %

C16H20F3N3O3; 1.4 (C F 3C 0 2 H ) 

calculated C: 43.51 H: 4.16

found C: 43.78 H: 4.33

Molecular weight: 518.93

Base weight: 359.35

N: 8.10 

N: 8.07
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1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-hydroxy-indoline-2(R/S)- 
carboxylic acid (2,2,2-trifluoroethyl)amide (146)

HQ

NHBoc

A mixture of l-(N-t-butoxycarbonyl-2(S)-aminobutyryl)-5-benzyloxy-indoline-2(R/S)- 

caiboxylic acid (2^^-trifluoroethyl)amide (135) (2.18 g, 4.6 mmol) and 10% palladium on 

carbon (228 mg) in ethyl acetate (40 ml) was stirred at room temperature and under a 

hydrogen atmosphere for 12 h at atmospheric pressure. The catalyst was then filtered 

through a pad of Celite, and the filtrate was evaporated under reduced pressure. The 

residue was then purified by flash chromatography on silica gel (petroleum spiiit:ethyl 

acetate, 2:3) to yeild a white solid (1.63 g, 92 %). •:

Melting point

’HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

112.114°C

8.30-8.0 (m, IH, H7 of indoline); 7.21-6.79 (m, 2H, 

H4 of indoline); 5.46 (m, 2H, NH of Abu and Hz 

of indoline); 4.23 (br m, 5H, CH of Abu, CH2CF3, 2 

X H3 of indoline and Ar-OH); 2.0 (m, 2H, GHz of 

Abu); 1.53 (m, 9H, r-Bu); 1.20 (m, 3H, CH3 of Abu) 

446 (3%) [MH]*; 388 (18%) [M-CKCH])]]^; 344 

(100%) [M-C02(CH3)3f ;  259 (94%) [M-Abuf; 218 

(14%) [M- C0NHCH2CF3-C02C(CH3)3f

1-(N-t>Butoxycarbonyl>2(S)-aminobutyryl)-5-trlfluoromethylsulphonyloxy - 
indoline-2(R/S)-carboxylic acid (2,2,2-trifluoroethyl)amide (147)
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CONHCHoCF

NHBoc

To a solution of l-(N-t-butoxycarbonyl-2(S)-aminobutyryI-5-hydroxy-indoIine-2(R/S)- 

carboxylic acid (2^^-tri£luoroethyl)amide (146) (0.87 g, 1.9 mmol) in anhydrous pyridine 

(6 ml, 13.6 mmol) cooled to 0°C, trifluoromethanesulfonic anhydride (0.39 ml, 2.3 mmol) 

was added slowly under nitrogen. The reaction mixture was stirred at 0®C for 1 h, then 

allowed to warm to 23 ®C and stirred at this temperature for 12 h. After removal of the 

pyridine under reduced pressure, water (6 ml) was added and the emulsion extracted with 

dichloromethane (3 x 20 ml). The organic extracts were washed sequentially with water, 

10% aqueous hydrochloric acid solution (2x 6 ml), water (6 ml), and a  concentrated 

sodium chloride solution (6 ml), dried over anhydrous sodium sulphate, and concentrated 

under vaccum. Purification of the residual oil was affected by flash chromatography on 

silica gel (petroleum spiritiethyl acetate, 5:1). The product was further purified by 

preparative reversed-phase HPLC eluting with 75:25 methanol-water at 2.5 ml/min. The 

major peaks at 13.8 min and 15.7 min were collected to give a white solid (0.97 g, 89 %).

Melting point

'HNMR (400 MHz, CDCU)

M S (F A B )m /z (% )

153-159°C

8.35-7.59 (m, 3H, H? B* of indoline); 5.43 (m, 

2H, NH of Abu H2 of indoline); 4.10 (m, 5H, CH of 

Abu, CH2CF3 and 2 x Hj of indoline); 1.82 (m, 2H, 

CH2 of Abu); 1.44 (m, 9H, f-Bu); 1.12 (m, 3H, CH3 

of Abu)

578 (24%) [MH]^; 521 (41%) [M-CXCH,),]^; 477 

(24%) [M-Abu]^; 265 (58%) [M-Abu-

CONHCHiCF;]^ 117 (3%) [indoline]^
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1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-(trimethylsilyl)ethynyl-indoline- 
2(R/S) carboxylic acid (2,2,2-trifluoroethyl)amide (148)

NHBoc

A mixture of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-trifluoromethyl sulphonyloxy- 

mdoline-2(R/S)-carboxylic acid (2,2^-trifluoroethyl)amide (147) (83 mg, 1,4 mmol), 

trimethyl silyl acetylene (0.24 ml, 2.1 mmol), triethylamine (2.26 ml) and 

dichlorobis(triphenylphosphine) palladium (0.07g,0.1 mmol) in DMF was deaerated and 

stirred at 90°C for 4 h under nitrogen. The mixture was then diluted with water and 

extracted with ethyl acetate. The ethyl acetate extract was washed with brine, dried over 

anhydrous magnesium sulphate and concentrated under reduced pressure. The residue was 

purified by flash chromatography on silica gel (petroleum spirit-ethyl acetate, 3:1) to give 

the title compound (0.43 g, 57 %).

‘HNMR (400 MHz, CDCU)

MS(FAB)m/z(%)

8.14-7.42 (m, 3H, H? H4 of indoline); 5.49 (m, 

2H, NH of Abu and H2 of indoline); 4.10 (m, 5H, CH 

of Abu, CH2CF3, 2 x H3 of indoline); 1.93 (m, 2H, 

CH2 of Abu); 1.50 (m, 9H, r-Bu); 1.15 (m, 3H, CH3 

of Abu); 0.31 (s, 9H, Si(CH3)3)

526 (15%) [MH]+; 469 (15%) [M-C(CH3)3f ;  425 

(18%) [M-C02C(CH3)3f ; 340 (74%) [M-Abuf; 214 

(65%) [M-Abu-CONHCHaCFj]^

1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-ethynyl-indoline-2(R/S) 
carboxylic acid (2,2,2-trifluoroethyl)amide (149)
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NHBoc

To a solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyiyl)-5-(trimethylsilyl)ethynyl- 

indoline-2(R/S)-carboxylic acid (2,2,2-tnfluoroethyl)amide (148) (0.43 g, 0.8 mmol) in 

methanol (7 ml), 1 N aqueous potassium carbonate solution (2 ml, 0.1 mmol) was added 

and the mixture was stirred at ambient temperature under argon for 1 h. After removal of 

methanol, the sohd residue was extracted with ether (2 x 25 ml), dried over anhydrous 

magnesium sulphate and concentrated under reduced pressure. The residue was purified by 

flash chromatography on silica gel (petroleum spirit-ethyl acetate, 3:1) to afford a pale 

yellow solid (0.29 g, 80 %).

Melting point

‘HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

I73-179°C

8.06 (m, IH, Ht of indoline); 7.38 (m, 2H, H« H, of 

indoline); 5.35 (m, 2H, NH of Abu and H2 of 

indoline); 4.04 (m, 5H, CH of Abu, CH2CF3 and 2 x 

H3 of indoline); 2.92 (s, IH, CH of ethynyl); 1.84 (m, 

2H, CH2 of Abu); 1.36 (m, 9H, /-Bu); 1.02 (m, 3H, 

CH3 of Abu)

452 (%) [MH]+; 395 (10%) [M-C(CH,)3]*; 351 (92%) 

[M-C02C(CH3)3f ; 268 (100%) [M-Abuf; 142 (7%) 

[M-Abu-CONHCH2CF3]^

Tetrakis(trlphenylphosphine)palladium (0) (150)

Pd(PPh3)4
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A mixture of palladium dichloride (0.50 g, 2.8 mmol), triphenylphosphine (3.68 g, 14.0 

mmol) and dimethyl sulfoxide (33 ml) was placed in a schlenk tube equipped with a 

magnetic stirrer bar. A rubber septum and a vacuum nitrogen system were connected to the 

outlets. The system was then placed under nitrogen. The yellow mixture was heated by an 

oil bath with stirring until complete solution occurred (140®C). The bath was then removed 

and the solution rapidly stirred for 15 min. Hydrazine hydrate (0.54 ml, 11.2 mmol) was 

then added over 1 min from a hypodermic syringe. A vigorous reaction took place with 

evolution of nitrogen. The pale green solution was then immediately cooled with a water 

bath; crystallization began to occur at 125®C. At this point the mixture was allowed to cool 

with external cooling. After the mixture reached room temperature it was filtered under 

nitrogen using a filter cannular. The precipitate was then washed successively with ethanol 

(2 X 25 ml) and diethylether (2 x 25 ml). The product was dried by passing a slow stream 

of nitrogen through the flask overnight.

Melting point 

Analysis

114-116®C

C72HôOPdP4

calculated C: 75.88 H: 5.25

found C: 75.30 H: 5.36

P: 10.75 

P: 10.70

1-(N-t-Butoxycarbonyl-2(S)-amlnobutyryl)-5-vinyl-indoline-2(R/S) carboxylic 
acid (2,2,2-trifluoroethyl)amide (151)

NHBoc
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Method 1

In a 2-necked round bottomed flask with a rubber septum, were placed l-(N-t- 

Butoxycarbonyi-2(S)-aminobutyryI)-5-ethynyl-indoline-2(R/S)-carboxylic acid (2,2,2 - 

trifluoroethyl)amide (147) (0.09 g, 0.1 mmol), palladium on calcium carbonate poisoned 

with lead (‘poisoned’ Lindlasr catalyst) and quinoline (0.002 mg) mixed in benzene (2 ml). 

The flask was evacuated and filled with hydrogen. The operations were repeated three 

times. The contents were then stirred, in an atmosphere of H2 at ambient temperature. The 

absorption of H2 was measured periodically (every 30 min), the stirring momentarily 

stopped and samples withdrawn. Hydrogenation was continued till absorption of H2 

essentially ceased (after 2h). The catalyst was then filtered through a pad of Celite, and the 

filtrate was evaporated under reduced pressure. The residue was purified by flash 

chromatography on silica gel (petroleum spirit.ethyl acetate, 6:1).

^HNMR (400 MHz, CDCI3)

MS (FAB)m/z(%)

HPLC

8.18 (m, IH, H7 of indoline); 7.59 (m, 2H, of 

indoline); 6.63 (m, IH, H2C=CH-Ar); 5.65 (m, 2H, 

H2 of indoline); 5.42 (m, 3H, NH of Abu and 

CH2=CH-Ar); 4.14 (m, >5H, CH of Abu, CH2CF3 

and 2 X H3 of indoline); 2.70 (m, 2H, Ar-CH2CH3); 

2.10 (m, >2H, CH2 of Abu and water); 1.53 (m, 9H, 

f-Bu) 1.10 (m, 6H, CH3 of Abu and Ar-CHjCHa)

456 (19%) [MH]*; 400 (12%) [NMXCHs)}] * 27 

(64%) [M-Abuf; 144 (91%) [M-Abu-

CONHCHzCFsf

Methanol-water (75:25) + 0.1% TFA 

Rt = 9.1 min, 46%

10.0 min, 26 %

10.8 min, 11 %

12.0 min, 12 %

Method 2

To a solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyiyl)-5-trifluoromethyl 

sulphonyloxy-indoline-2(R/S)-cart)oxylic acid (2,2,2-trifluoroethyl)amide (147) (150 mg.
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0.2 mmol) in 1,4-dioxane (4 ml) were added vinyltributylstannane (0.07 ml, 0.2 mmol), 

lithium chloride (30.0 mg, 0.7 mmol), tetrakis(triphenylphosphine)palladium (0) (150) (8.0 

mg, 0.007 mmol), and a few ciystals of 2,6-di-tert-butyl-4-methylphenol. The resulting 

suspension was heated to reflux (98°C) for 9 h, cooled to room temperature, and treated 

with pyridine (1 ml) and 1.4 M pyridinium fluoride solution (2 ml, 2.8 mmol). The 

resulting mixture was stirred at room temperature for 16 h. The mixture was then diluted 

with dichloromethane (5 ml), filtered through a pad of Celite, and washed with water (2 

ml), 10% aqueous hydrochloric acid solution (2 ml), water (2 ml), and a concentrated 

sodium chloride solution (2 ml). The solution was dried over anhydrous magnesium 

sulphate and concentrated under reduced pressure. The residual oil was purified by flash 

chromatography on silica gel (petroleum spirit-ethyl acetate, 3:1). The product was further 

purified by preparative reversed-phase HPLC eluting with 75:25 methanol-water at 2.5 

ml/min. The major peaks at 9.8 min and 10.7 min were collected to give a white solid (0.84 

g,72%).

Melting point

‘HNMR (400 MHz, CDCb)

MS(FAB)m/z(%)

122-128°C

8.06-7.47 (m, 3H, H7 H« H4 of indoline), 6.69 (d,d J 

= 10.9 Hz, J = 10.8 Hz, IH, CH of HjCCH-Ar);

5.74 (d,d, J = 6.9 Hz, J = 7.0 Hz, IH, Hj of indoline);

5.27 (m, 2H, CH2=C-Ar and NH of Abu); 4.21 (m, 

5H, CH of Abu, CH2CF3, 2 X H j of indoline); 1.99 

(m, >2H, CH2 of Abu and water); 1.44 (2s, 9H, t- 

Bu); 0.91 (t, J = 7.1 Hz, 3H, CHj of Abu)

456 (5%) [MH]"̂ ; 458 (19%) [MH]+ 399 (12%) [M- 

C(CHj)3f ;  355 (18%) [M-C02C(CHj)3f; 270 (64%) 

[M-Abuf; 144 (90%) [M-Abu-CONHCHjCFjf

1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-phenyl-indoline-2(R/S) 
carboxylic acid (2,2,2-trifluoroethyl)amide (152)
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CONHCHoCF

NHBoc

To a solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5“trifluoromethyl 

s\ilphonyloxy-indoline-2(R/S)-carboxylic acid (2^,2-trifluoroethyl)amide (147) (0.10 g, 

0.1 mmol) dissolved in toluene (3 ml), tetralds(triphenylphosphine) palladium (0) (150) 

(5.99 mg, 0.005 mmol), 2M sodium bicarbonate (0.22 ml), ethanol (0.69 ml), phenyl 

boronic acid (0.02 g, 0.1 mmol), and lithium chloride (14 mg, 0.3 mmol) were successively 

added. The resulting suspension was then heated to reflux (95°C) for 5 h under an 

atmosphere of argon. The mixture was diluted with ethyl acetate (3 ml), washed 

successively with 1-N sodium hydroxide solution (2 ml), and a concentrated sodium 

chloride solution (2 ml). The organic layer was dried over anhydrous magnesium sulphate 

and concentrated under reduced pressure. The residue was purified by flash 

chromatography on silica gel (petroleum spirit-ethyl acetate, 6:1). The product was further 

purified by preparative reversed-phase HPLC eluting with 75:25 methanol-water at 2.5 

ml/min. The major peaks at 6.0 min and 6.5 min were collected to give a white solid (85 

mg, 97%).

Melting point

'HNMR (400 MHz, CDClj)

M S (FAB) m/z (%)

140-146°C

8.18-7.60 (m, 8H, aromatic); 5.44 (m, 2H, H2 of 

indoline and NH of Abu); 4.12 (m, 5H, CH of Abu, 

CH2CF3, 2 X H3 of indoline); 1.93 (m, 2H, CH2 of 

Abu); 1.44 (m, 9H, r-Bu); 1.10 (m, 3H, CH3 of Abu) 

506 (17%) [MHf; 449 (16%) [M-C(CH3)3]''; 405 

(23%) [M-C02C(CH3)3f ;  319 (64%) [M-Abu]^; 194 

(100%) [M-Abu-CONHCHîCFj]*
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Benzonitrile (153)

lodotoluene (500 mg, 2.2 mmol), potassium cyanide (0.25 g, 1.1 mmol), tetrakis- 

(triphenylphosphine) palladium (0) (150) (0.06 g, 0.05 mmol), and copper (I) iodide (0.02 

g, 0.1 mmol) were placed in a flask which was flushed with nitrogen. Tetrahydrofuran (4 

mL) was added via syringe. The resulting mixture was heated to reflux under nitrogen with 

vigorous agitation by a magnetic stirrer and sampled at 30 min intervals. The mixture was 

cooled to room temperature, diluted with ethyl acetate (5 mL), and then filtered through 

Celite. The filtrate was washed with water and brine, dried over anhydrous magnesium 

sulphate, and concentrated by rotatory evaporation. Purification was accomplished by 

silica gel chromatography to give the desired product (0.11 g, 97 %).

'HNMR (400 MHz, CDCI3) 

MS(FAB)m/z(%)

7.27 (m, 5H, aromatic) 

104 (67%) [MH]+

1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-cyano-indoline-2(R/S) carboxylic 
acid (2,2,2-trifluoroethyi)amide (154)

NQ

NHBoc

l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-trifluoromethyl sulphonyloxy-indoline- 

2(R/S)-carboxylic acid (2,2,2-trifiuoroethyl)amide (147) (0.50 g, 0.8 mmol), sodium 

cyanide (0.08 g, 1.7 mmol), tetrakis(triphenylphosphine) palladium (0) (150) (0.10 g, 0.08 

mmol), and copper (I) iodide (0.03 g, 0.17 mmol) were placed in a flask which was flushed
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with nitrogen. Dried (sieves) butyronitrile (6 mL) was added via syringe. The resulting 

mixture was heated to reflux under nitrogen with vigorous agitation by a magnetic stirrer 

and sampled at Ih intervals. The mixture was cooled to room temperature, diluted with 

ethyl acetate (10 mL), and then filtered through Celite. The filtrate was washed with water 

and brine, dried over anhydrous magnesium sulphate, and concentrated by rotatory 

evaporation. The residue was purified by flash chromatography on silica gel (petroleum 

spirit-ethyl acetate, 7:2) to give a white solid (0.29 g, 76 %),

Melting point

’HNMR (400 MHz, CDCk)

MS(FAB)m/z(%)

164-169°C

8.27 (4  J = 8.0 Hz, IH, H? of indoline); 7.78 (m, 2H, 

Hi H) of indoline); 5.55 (m, IH, Hi of indoline); 4.03 

(m, 5H, CH of Abu, CHiCFj, 2 x Ha of indoline); 

1.97 (m, 2H, CHi of Abu); 1.47 (s, 9H, ABu); 0.96 (t, 

J = 7.2 Hz, 3H, CHa of Abu)

455 (94%) [MH]^; 398 (73%) [M-CXCHa),]^; 354 

(80%) [M-COzC(CHa)ar; 270 (100%) [M-Abuf; 

143 (67%) [M-Abu-CONHCHiCFaf '

1>(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-allyl-indoline-2(R/S) carboxylic 
acid (2,2,2-trifluoroethyi)amide (155)

NHBoc

Argon was passed through a solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5- 

trifluoromethyl sulphonyloxy-indoline-2(R/S)-carboxylic acid (2,2,2-trifluoroethyl)amide 

(147) (100 mg, 0.1 mmol), allyltributylstannane (0.05 ml, 0.1 mmol), and lithium chloride 

(22 mg, 5.1 mmol) in DMF (10 ml) for 10 min, and bis(triphenylphosphine)palladium
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dichloride (1.0 mg, 0.001 mmol) was added. The resulting suspension was heated to reflux 

(90-95®C) for 6 h at which time a black precipeitate was observed to form. The mixture 

was then allowed to cool to room temperature, diluted with ether (20 ml), washed with 

water ( 3 x 5  ml), and brine ( 1 x 5  ml), dried over anhydrous magnesium sulphate and 

concentrated under reduced pressure. The residual oil was purified by flash 

chromatography on silica gel (petroleum spirit-ethyl acetate, 3:1). The product was further 

purified by preparative reversed-phase HPLC eluting with 75:25 methanol-water at 2.5 

ml/min. The major peaks at 12.9 min and 14.3 min were collected to give a white solid (40 

mg, 50 %).

Melting point

'HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

134-146°C

8.17-7.59 (m, 3H, H7 H4 of indoline); 5.98 (m, 

IH, OCH-C-Ar); 5.48 (m, 4H, NH of Abu, Hi of 

indoline and CHi=C-C-Ar); 4.18 (m, 7H, CH of Abu, 

CH2CF3, 2 X H3 of indoline and C=C-CHi-Ar); 2.01 

(m, >2H, CHi of Abu and water); 1.41 (2s, 9H, 'Bu); 

1.20(m ,3H,CH3ofAbu) '■

470 (34%) [MH]*; 413 (54%) [M-C(CH3)3]*; 369 

(12%) [M-C0 iC(CH3)3]'̂ ; 284 (23%) [M-Abuf; 257 

(9%) [M-Abu-CHi=CH]+; 117 (16%) [indoline]^; 

158 (100%) [M-Abu-CONHCHiCF3f ;  41 (5%) 

[CHi=CHCHif

1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-carboxy-indoline-2(R/S) 
carboxylic acid (2,2,2-trifluoroethyl)anilde (156)

NHBoc
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A deoxygenated solution of N-t-Boc-aminobutyryl-5-trifluoromethyIsulphonate indoline- 

2(S)-carboxylic acid 2,2,2-trifluoroethylamide (147) (0.30 g, 0.5 mmol), 1,3- 

bis(diphenyIphosphino)propane (dppp ligand) (3.49 mg, 0.01 mmol), and triethylamine 

(0,15 ml, 1,1 mmol) in DMF (3ml) and methanol (2 ml) was treated with palladium (U) 

acetate (3.49 mg, 0.01 mmol) and was then saturated with carbon monoxide by bubbling a 

stream of gas into the reaction mixture for 15 min at ambient temperature. The mixture was 

then allowed to stir at 70®C under a CO atmosphere for 6 h. The reaction mixture was 

partitioned between water (6 ml) and ethyl acetate (6 ml). The layers were separated and 

the organic fraction was washed with aliquots of water and brine. After drying over 

anhydrous magnesium sulphate, and concentration, the crude product was purified by 

column chromatography on silica gel (petroleum spirit:ethyl acetate, 7:3). The product was 

further purified by preparative reversed-phase HPLC eluting with 75:25 methanol-water at

2.5 ml/min. The major peaks at 8.7 min and 9.2 min were collected to give a white solid 

(120 mg, 48%).

Melting point

'HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

116-123°C

8.26-7.01 (m, 3H, H? H< H . o f indoline); 5.38 (m, 

2H, NH of Abu and H2 of indoline); 4.18 (m, 5H, CH 

of Abu, CH2CF3, 2 X Hj of indoline); 3.83 (s, 3H, Ar- 

COjCHj); 1.80 (m, 2H, CH2 of Abu); 1.47 (s, 9H, t- 

Bu); 0.97 (t, J = 7.2 Hz, 3H, CHj of Abu)

488 (20%) [MH]*; 431 (19%) [M-C(CH3)j]+; 387 

(33%) [M-C02C(CH3)3r ;  301 (59%) [M-Abuf; 175 

(83%) [M-Abu-C0 NHCF3]''

1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-methoxyphenyl-indorme-2(R/S) 
carboxylic acid (2,2,2-trifluoroethyl)amide (157)
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OMe

NHBoc

To a solution of l-(N-t-Butôxycarbonyl-2(S)-aminobutyryl)-5-trifluoromethyl 

sulphonyloxy-indoline-2(R/S)-carboxylic acid (2,2,2-trifluoroethyl)amide (147) (150 mg, 

0.2 mmol) dissolved in toluene (5 ml) were added tetrakis(triphenylphosphine) palladium 

(0) (150) (9.0 mg, 0.007 mmol), 2M sodium bicarbonate (0.33 ml), ethanol (1.03 ml), 2- 

methoxybenzene boronic acid (0.04 g, 0.2 mmol), and lithium chloride (20 mg, 0.5 mmol). 

The resulting suspension was then heated to reflux (95®C) for 5 h under an atmosphere of 

argon. The mixture was diluted with ethyl acetate (3 ml), washed successively with IM 

sodium hydroxide solution (2 ml), and a concentrated sodium chloride solution (2 ml). The 

organic layer was dried over anhydrous magnesium sulphate and concentrated under 

reduced pressure. The residue was purified by flash chromatography on silica gel 

(petroleum spirit-ethyl acetate, 6:1). The product was further purified by preparative 

reversed-phase HPLC eluting with 75:25 methanol-water at 2.5 ml/min. The major peaks 

at 14.7 min and 16.7 min were collected to give a white solid (110 mg, 84 %).

Melting point

'HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

128-133=C

8.21-7.60 (m, 7H, aromatic); 5.57 (m, 2H, NH of Abu 

and Hz of indoline); 4.23 (m, 8H, CH of Abu, 

CH2CF3, Ar-OCHs and 2 x H3 of indoline); 1.90 (m, 

2H, CH2 of Abu); 1.56 (m, 9H, t-Bu); 1.28 (m, 3H, 

CH3 of Abu)

535 (24%) [M]^; 435 (27%) [M-CC>2C(CH3)3f  ; 350 

(77%) [M-Abuf; 224 (100%) [M-Abu- 

C0 NHCH;CF3]^
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1-(N-t>Butoxycarbonyl-2(S)-aminobutyryl)-5-methylcarbaldehyde-indorme- 
2(R/S) carboxylic acid (2,2,2-trifluoroethyl)amide (167)

OHC

CONHCHoCF

NHBoc

To a solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-allyl-indoline-2(R/S)- 

carboxylic acid (2^^-trifluoroethyl)amide (155) (0.08 g, 0.1 mmol) in carbon 

tetrachloride (1.6 ml) and acetonitrile (1.6 ml) was added a solution of sodium 

metaperiodate (0.10 g, 0.5 mmol) in water (2.7 ml). The two-phase mixture was stirred 

mechanically, and ruthenium trichloride hydrate was added (2.83 mg, 0.01 mmol). The 

resulting dark mixture was stirred at room temperature for 1 h, then diluted with 

dichloromethane (10 ml). The layers were separated, and the organic portion was washed 

with water, dried over anhydrous magnesium sulphate. Filtration and evaporation gave a 

dark oil (0.15 g).

‘HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

9.99 (s. IH, CEO); 8.25 (m. 4H, CONH and H, H« 
H4 o f indoline); 5.46 (m, 2H, NH of Abu and H; of 

indoline); 4.25 (m, 7H, CH of Abu, CH2CF3, 2 x Hj 
of indoline, and Ar-CHzCHO); 2.10 (m, 2H, CHj of 

Abu); 1.27 (m, 3H, CHj of Abu)

472 (3%) [MH]^; 369 (8%) [M-C02C(CH3)3]*; 317 

(27%) [M-CONHCH2CF3-CHO]*; 286 (5%) [M- 

Abuf; 257 (40%) [M-Abu-CHOf; 160 (38%) [M- 

Abu-CONHCH2CF3f ;  131 (40%) [M-Abu-

CONHCH2CF3-CHO]*; 117 (5%) [indoline]*

488 (16%) [MH]*; 59 (100%) [CH2CO2H]*; 302 

(22%) [M-Abuf; 175 (15%) [M-Abu-

CONHCH2CF3]*
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1-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-carboxymethyl-indoline-2(R/S) 
carboxylic acid (2,2,2-trifluoroethyl)amide (168)

NHBoc

To a solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-methylcarbaldehyde- 

indoline-2(R/S)-carboxylic acid (2,2^-trifluoroethyl)amide (167) (0.13 g, 0.2 mmol) 

dissolved in tert-butyl alcohol (4 ml) and 2-methyl-2-butene (1.3 ml) and a solution of 

sodium perchlorite (0.49 g, 3.5 mmol) and sodium dihydrogen phosphate ( 0.26 g, 2.2 

mmol) in water (2.6 ml) was added all at once. The resulting mixture was stirred at 0°C for 

7 h, then diluted with ether (20 ml) and the layers were separated. The organic phase was 

washed successively with water (5 ml), 10% sodium thiosulphate (1 ml), and saturated 

sodium chloride solution (2 x 2ml), dried over anhydrous magnesium sulphate and 

concentrated under reduced pressure. Purification of the residue was affected by flash 

chromatography on silica gel (petroleum spiritrethyl acetate, 7:3). The title compound was 

further purified by preparative reversed-phase HPLC eluting with 65:25 methanol-water at

2.5 ml/min. The major peak at 9.3 min was collected to give a white solid (100 mg, 78%).

Melting point

'HNMR (400 MHz, CDCI3)

83-89°C

9.86 (br s, 0.5H, COjH); 8.18 (m, 0.5H, CONH); 

7.73 (m, 3H, H7 H4 of indoline); 5.40 (m, 2H, NH 

of Abu and H% of indoline); 4.26 (m, 5H, CH of Abu, 

CH2CF3, 2 X H , of indoline); 3.62 (s, 2H, A1CH2);

1.97 (m, 2H, CH2 of Abu); 1.49 (m, 9H, /-Boc); 1.12 

(m, 3H, CH3 of Abu)
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MS(FAB)m/z(%) 488 (6%) 430 (5%) 386 (7%)

[M-C02C(CH3)3]^; 302 (16%) [M-Abu]+ 175 (3%) 

[M- Abu-CONHCHzCFa]^; 59 (100%) [CHzCOzH]"^

1-(2(S)-aminobutyryl)-5>trifluoromethyl 8ulphonyloxy-indoline-2(R/S)- 
carboxylic acid (2,2,2-trifluoroethyl)amide trifluoroacetate (171) (UCL 2276-F)

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-trifluoromethyl sulphonyloxy- 

indoline-2(R/S)-carboxylic acid (2,2,2-trifluoroethyl)amide (147) (0.19 g, 0.3 mmol) in 

dichloromethane (4 ml) was cooled to 0°C by an ice bath. To this solution trifluoroacetic 

acid (1.0 ml) was added dropwise under a nitrogen atmosphere. The resulting mixture was 

stirred at 0-5 °C for 3 h. Evaporation of the solution to dryness under reduced pressure 

afforded the title compound. Purification by flash chromatography on silica gel 

(dichloromethane-methanol, 10:1) gave a white powder in quantitative yield (60 mg, %).

Melting point

^HNMR (400 MHz, dô-DMSO)

135-139°C

9.13 (t, IH, CF3CO2H); 8.21 (2d, J = 7.1 Hz, IH, H? 
of indoline); 7.49 (s, IH, H4 of indoline); 7.29 (d, J = 

10 Hz, IH, H6 of indoline); 5.34 (2d, J = 7.5 Hz, IH, 

Hi of indoline); 4.29-3.21 (m, >5H, CH of Abu, 

CH2CF3 and H3 of indoline); 3.16 (m, IH, H3 of 

indoline); 2.05 (m, 2H, CHi of Abu); 1.10 (m, 3H, 

CH3 of Abu)
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HPLC

Analysis

478 (83%) [MH]*; 392 (5%) [M-Abu]'^; 265 (8%) 

[M-Abu-CONHCHîCFjf

3444.6 (m, O H  str); 3370.6 (m, amide N-H str);

3293.6 (m, amine N-H str); 2976.3 (m, sp  ̂C-H str);

1679.7 (s, amide C=0 str); 1484.5 (s, arom C=C str);

1424.8 (m, sp  ̂C H bend), (w, -SO2-O str); 1248.4 (s, 

amide C-N str); 823.7 (m, C-F str); 816.3 (m, arom 

C-H bend)

Methanol-water (60:40) + 0.1% triethylamine 

R t= 12.9 min, 71.1 %

13.6 min, 27.5 %

C16H17F6N3O5S; 1.6(CF3C02H) 

calculated C: 34.95 H: 2.84

found C: 34.74 H: 3.00

Molecular weight: 659.82

Base weight: 477.38

N: 6.37 

N: 6.54

1 -(2(S)-Aminobutyryl)-5-ethynyl-indoline-2(R/S)-carboxylic acid (2,2,2- 
trifluoroethyl)amide trifluoroacetate (172) (UCL 2227-F)

NH2(CF3C02H)2.3(H20),.o

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-ethynyl-indoline-2(R/S)- 

carboxylic acid (2,2,2-trifluoroethyl)amide (149) (50 mg, 0.1 mmol) in dichloromethane (2 

ml) was cooled to 0®C by an ice bath. To this solution trifluoroacetic acid (0.4 ml) was
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added dropwise under a nitrogen atmosphere. The resulting mixture was stirred at 0-5°C 

for 3 h. Evaporation of the solvent under reduced pressure afforded the title compound 

which was dissolved in petroleum spirit:acetone (7:3) and evaporated in vacuo until foam 

formation (60 mg, 51 %).

Melting point

'HNMR (400 MHz, de-DMSO)

MS(FAB)m/2 (%)

IR(v/cm'')

HPLC

Analysis

141-149°C

9.28 (m, 0.6H, CONH); 8.23 (m, IH, J = 8.0 Hz, H? 

of indoline); 7.93 (m, 2H, GU R t of indoline); 5.45 

(2d, IH, J = 10.6 Hz, Hz of indoline); 4.05-3.18 (m, 

>5H, CH of Abu, CH2CF3, 2 X H3 of indoline and 

water); 2.56 (s, >1H, CH of ethynyl and DMSG);

1.99 (m, 2H, CHz of Abu); 0.99 (t, J = 7.2 Hz, 3H, 

CH3 of Abu)

354 (100%) [MH]*

3445.5 (br m, Q-H str); 3310.6 (m, amide N-H str);

3301.5 (s, alkyne =C-H str); 3256.7 (m, amine N-H 

str); 2979.1 (m, sp  ̂C H str); 2160,0 (w, alkyne C=C 

str); 1684.4 (s, amide C=0 str); 1500.4 (s, arom C=C 

str); 1484.4 (m, sp  ̂C H bend); 1255.6 (s, amide C-N 

str); 836.1 (m, C-F str); 722,5 (m, arom C-H bend)

Methanol-water (38:62) + 0,1% triethylamine

Rt = 8.8 min, 45.3 %

9.7 min, 54.7%

CnHisFsNjOz; 2.3(CF3C02H); 1.0(H2O) 
calculated C: 40.93 H: 3.55 N: 6.63

found C: 40.87 H: 3.75 

Molecular weight: 633.64 

Base weight: 353.34

N: 6.46

1 -(2(S)-Aminobutyryl)-5-vinyl-indoline-2(R/S)-carboxylic acid (2,2,2- 
trifluoroethyl)amide trifluoroacetate (173) (UCL 2300-F)
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A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-vinyl-indoline-2{R/S)- 

carboxylic acid (2^^-trifluoroethyl)amide (151) (50 mg, 0.1 mmol) in dichloromethane (3 

ml) was cooled to 0°C by an ice bath. To this solution trifluoroacetic acid (0.5 ml) was 

added dropwise under a nitrogen atmosphere. The resulting mixture was stirred at 0-5°C 

for 3 h. Evaporation of the solvent under reduced pressure afforded the title compound 

which was dissolved in petroleum spiritiacetone (7:3) and evaporated in vacuo until foam 

formation (30 mg, %).

Melting point

'HNMR (400 MHz, dg-DMSO)

MS(FAB)m/z(%)

IR (v/cm'')

HPLC

9.07 (t, 0.6H, CF3CO2H); 8.02 (d, J = 8.3 Hz, IH, H? 

of indoline); 7.39 (m, 2H, EU of indoline); 6.70 

(d,d, J = 10.9 Hz, J = 10.9 Hz, IH, CH2=CH-Ar); 

5.70 (m, IH, Hi of indoline); 5.30 (m, 2H, CHi=C- 

Ar); 3.99 (m, >5H, CH2CF3, CH of Abu, 2 x H3 of 

indoline and water); 1.99 (m, >2H, CH2 of Abu);

1.03 (t, 7.4 Hz, 3H, CH3 of Abu)

356 (70%) [MH]^; 270 (77%) [M-Abuf; 143 (41%) 

[M-Abu-CONHCHiCFj]*

3444.9 (br m, O H  str); 3298.9 (m, amide N-H str);

3208.5 (m, amine N-H str); 2858.1 (m, sp  ̂C-H str);

1677.4 (s, amide C=0 str); 1549.3 (s, arom C=C str);

1469.4 (m, sp  ̂C H bend); 1164.1 (s, amide C-N str);

812.4 (m, C-F str); 723.5 (m, arom C-H bend)

Methanol-water (50:50) + 0.1% TFA
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Analysis

Rt = 16.7 min, 52.9 %

18.8 min, 44.9 %

C17H20F3N3O2; 2.4(CF3C02H) 

calculated C: 41.63 H: 3.59

found C: 41.58 H: 3.95

Molecular weight: 629.02

Base weight: 355.36

N: 6.68 

N: 6.36

1 -(2(S)*Aminobutyryl)-5-phenyl-indoline-2(R/S)-carboxylic acid (2,2,2- 
trifluoroethyi)amlde trifluoroacetate (174) (UCL 2246-F)

NH2(CF3C02H)i .3(H20)o.i

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-phenyl-indoline-2(R/S)- 

carboxylic acid (2,2,2-trifluoroethyl)amide (152) (80 mg, 0.1 mmol) in dichloromethane (2 

ml) was cooled to 0®C by an ice bath. To this solution trifluoroacetic acid (0.4 ml) was 

added dropwise under a nitrogen atmosphere. The resulting mixture was stirred at 0-5°C 

for 3 h. Evaporation of the solvent under reduced pressure afforded the title compound 

which was dissolved in petroleum spirit:acetone (7:3) and evaporated in vacuo until foam 

formation (60 mg, %).

M elting point

'HNM R (400 M Hz, dg-DM SO) 8.18 (2d, J = 8.4 Hz, IH, H, of indoline); 7.60 (m, 

7H, aromatic); 5.20 (2d, J = 10.3 Hz, IH, Hi of 

indoline); 3.98 (m, >5H, CH of Abu, CH2CF3,2 x H3



Experimental 247

MS(FAB)m/z(%)

IR(v/cm-')

HPLC

Analysis

of indoline and water); 2.0 (m, 2H, CHi of Abu); 

0.99 (t, J = 7.3 Hz, 3H, CHj of Abu)

406 (100%) 320 (28%) [M-Abuf; 194 (90%)

[M-Abu-CONHCHiCFjf

3446.0 (m, O H  str); 3401.8 (m, amide N-H str);

3069.6 (m, amine N-H str); 2972.5 (m, sp’ C-H str);

1672.8 (s, amide O O  str); 1478.5 (s, arom C=C str);

1436.0 (m, sp  ̂C-H bend); 1205.3 (s, amide C-N str);

815.7 (m, C-F str); 649.0 (m, arom C-H bend)

Methanol-water (60:40) + 0.1% TFA

R t=  14.4 min, 31.5 %

16.5 min, 68.5 %

C21H22F3N3O2; 1.3(CF3C02H); O.ICH2O) 

calculated C: 51.03 H: 4.26 N: 7.56

found C: 51.44 H: 4.37 

Molecular weight: 55.46 

Base weight: 405.42

N: 7.17

1 -(2(S)-Aminobutyryl)-5-cyano>indoline-2(R/S)>carboxylic acid (2,2,2- 
trifluoroethyl)amide trifluoroacetate (175) (UCL 2275-F)

NC

CONHCH.CF

NH2(CF3C02H)o.4(CH3COCH3)o.6

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-cyano-indoline-2(R/S)- 

carboxylic acid (2,2,2-trifluoroethyl)amide (154) (100 mg, 0.3 mmol) in dichloromethane
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(3 ml) was cooled to 0®C by an ice bath. To this solution trifluoroacetic acid (0.5 ml) was 

added dropwise under a nitrogen atmosphere. The resulting mixture was stirred at 0-5°C 

for 3 h. Evaporation of the solvent under reduced pressure afforded the title compound 

which was dissolved in petroleum spiritiacetone (7:3) and evaporated in vacuo until foam 

formation (60 mg, 100%).

Melting point

'hNMR (400 MHz, d6-DMS0)

HPLC

Analysis

129-134*^0

9.17 (t, IH, CF3CO2H); 8.26 (d, J = 8.2 Hz, IH, H? of 

indoline); 7.80 (m, 2H, Hé BU of indoline); 5.47 (m, 

IH, Hi of indoline); 4.11 (m, >5H, CH of Abu, 

CH2CF3, 2 X H3 of indoline and water); 2.02 (m, 2H, 

CHi of Abu); 1.07 (t, J = 7.3 Hz, 3H, CHjof Abu)

355 (100%) [MH]^; 269 (27%) [M-Abuf; 143 (16%) 

[M-Abu-CONHCHjCFjf

3446.0 (m, O H  str); 3381.3 (m, amide N-H str);

3300.7 (m, amine N-H str); 3072.5 (m, sp  ̂C H str);

2229.9 (m, C=N); 1674.8 (s, amide C=0 str); 1506.7 

(s, arom C=C str); 1485.3 (m, sp  ̂C-H bend); 1243.5 

(s, amide C-N str); 1156.5 (s, ether C-O); 815.6 (m, 

C-F str); 758.1 (m, arom C-H bend)

Methanol-water (45:55) + 0.1% triethylamine

Rt = 16.2 min, 43.5 %

19.7 min, 56.1%

C 15H 18F3N 3O4; 0.4(CF3C02H);0.6(CH3COCH3) 

calculated C: 51.36 H: 4.87 N: 12.89

found C: 51.73 H: 4.81 

Molecular weight: 434,79 

Base weight: 354.32

N: 13.21
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1-(2(S)-Aminobutyryl)-5-aliyl-indoline-2(R/S)-carboxylic acid (2,2,2 
trifluoroethyOamide trifluoroacetate (176) (UCL 2299-F)

CONHCH.CF

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyryl)-5-ailyl-indoline-2(R/S)‘ 

carboxylic acid (2,2,2-trifluoroethyl)amide (155) (0.35 g, 0.07 mmol) in dichloromethane 

(3 ml) was cooled to 0°C by an ice bath. To this solution trifluoroacetic acid (0.5 ml) was 

added dropwise under a nitrogen atmosphere. The resulting mixture was stirred at 0-5®C 

for 3 h. Evaporation of the solvent under reduced pressure afforded the title compound 

which was dissolved in petroleum spiritiacetone (7:3) and evaporated in vacuo until foam 

formation (30 mg, 83%).

Melting point

'HNMR (400 MHz, dg-DMSO)

MS(FAB)m/z(%) 

IR (v/cm"')

98-101°C

9.18 (t, IH, NH of CF3CO2H); 7.31 (d, J = 8.2 Hz, 

IH, H? of indoline); 7.21 (m, 2H, of Ha H$ of 

indoline); 6.11 (m, IH, NH of Hi of indoline); 5.37 

(m, 3H, CHi=CH-C-Ar and CHi=C-C>Ar); 4.10 (m, 

>7H, CH of Abu, CH2CF3, 2 X H3 of indoline, CHi- 

Ar and water); 2.11 (m, 2H, CHi of Abu); 1.19 (t, J =

7.2 Hz, 3H, CH) of Abu)

370 (100%) [MH]'''; 283 (14%) [M-Abuf

3447.4 (br m, O H  str); 3284.4 (m, amide N-H str);

3257.1 (m, amine N-H str) (m, =C-H str); 2914.6 (m, 

sp  ̂C-H str); 1678.4 (s, amide C=0 str) (m, CH=CHi 

C=C str); 1510.5 (s, arom C=C str); 1490.3 (m, sp^
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HPLC

Analysis

C-H bend); 1165.1 (s, amide C-N str); 910.6 (s, =C H 

bend) 835.6 (m, C-F str); 723.1 (m, arom C-H bend)

Methanol-water (50:50) + 0.1% TFA

Rt = 28.1 min, 63.9 %

32.3 min, 36.0 %

C18H22F3N3O2; 1.5 (C F 3C 02H ) 

calculated C: 46.67 H: 4.38

found C: 46.51 H: 4.46

Molecular weight: 540.42

Base weight: 369.39

N: 7.78 

N: 7.68

1-(2(S)-Aminobutyryl)-5-methoxyphenyl-indoline-2(R/S)-carboxylic acid 
(2,2,2-tiifluoroethyl)amide trifluoroacetate (177) (UCL 2301-F)

OMe

CONHCHoCF

A solution of l-(N-t-Butoxycarbonyl-2(S)-aminobutyiyl)-5-methoxyphenyl-indoline- 

2(R/S)-carboxylic acid (2,2,2-trifluoroethyl)amide (157) (80 mg, 0.09 mmol) in 

dichloromethane (3 ml) was cooled to 0°C by an ice bath. To this solution trifluoroacetic 

acid (0.5 ml) was added dropwise under a nitrogen atmosphere. The resulting mixture was 

stirred at 0-5°C for 3 h. Evaporation of the solvent under reduced pressure afforded the title 

compound which was dissolved in petroleum spirit.acetone (7:3) and evaporated in vacuo 

until foam formation (40 mg, 98 %).
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Melting point

'HNMR (400 MHz, de-DMSO)

MS(FAB)m/z(%)

IR(v/cm'')

HPLC

Analysis

94-96^^0

9.15 (t, IH, CF3CO2H); 8.15 (2d, J = 8.2 Hz, IH, H? 
of indoline); 7.42 (m, 6H, aromatic); 5.36 (d, J = 9.8 

Hz, IH, Hi of indoline); 4.12 (m, >8H, CH of Abu, 

CH2CF3, Ar-OCHs, 2 X  H3 of indoline and water);

2.02 (m, 2H, CH2 of Abu); 1.08 (t, J = 7.3 Hz, 3H, 

CHjof Abu)

436 (89%) [MH]'"; 351 (17%) [M-Abu]"; 224 (12%) 

[M-Abu-CONHCH2CF3f

3446.0 (m, O H  str); 3298.9 (m, amide N-H str)

3189.9 (m, amine N-H str); 3082.5 (m, sp  ̂C-H str)

1677,4 (s, amide 0 = 0  str); 1516.7 (s, arom C=C str)

1483.0 (m, sp  ̂C-H bend); 1243.5 (s, amide C-N str);

1164.1 (s, ether C-O); 817.1 (m, C-F str); 753.1 (m, 

arom C-H bend)

Methanol-water (65:35) + 0.1% triethylamine 

Rt = 7.2 min, 72.1 %

7.9 min, 26.6 %

C22H24F3N3O3; 1.9(CF3C02H) 

calculated C: 47.52 H: 4.00

found C: 47.55 H: 4.24

Molecular weight: 663.52

Base weight: 435.45

N: 6.44 

N: 6.74

1-(2(S)-Aminobutyryl)-5-carboxymethyl-indoline-2(R/S)-carboxylic acid 
(2,2,2-trifluoroethyl)amide trifluoroacetate (178) (UCL 2318-F3)
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A solution of l-(N-t-Butoxycarbonyl-2{S}-aminobutyryl)-5-carboxymethyi-mdoline- 

2(R/S)-carboxylic acid (2,2,2-trifIuoroethyl)amide (168) (0.05 mg, 0.1 mmol) in 

dichloromethane (4 ml) was cooled to 0®C by an ice bath. To this solution trifluoroacetic 

acid (0.4 ml) was added dropwise under a nitrogen atmosphere. The resulting mixture was 

stirred at 0-5®C for 3 h. Evaporation of the solvent under reduced pressure afforded the title 

compound which was dissolved in petroleum spiritiacetone (7:3) and evaporated in vacuo 

until foam formation (37 mg, 89 %).

Melting point

'HNMR (400 MHz, ds-DMSO)

MS(FAB)m/z(%)

64-67°C ■:

9.98 (br s, 0.6H, CO2H) 9.21 (t, 0.2H, CF3CO2H); 

8.48 (d, J = 10.3 Hz, CONH); 7.32 (m, 3H, H7 Ht H4 

of indoline); 5.37 (2d, J = 9.6 Hz, IH, 5% of 

indoline); 4.09 (m, >7H, CH of Abu, CH2CF3, 2 x H3 

of indoline, Ar-CH2C02H and water); 2.0 (m, 2H, 

CH2 of Abu); 111 (t, J = 7.2 Hz, 3H, CH3 of Abu)

388 (42%) [MH]+; 301 (12%) [M-Abu]^; 176 (2%) 

[M- Abu-CONHCHjCFs]^; 130 (20%) [M-Abu- 

CONHCHzCFs-COzH]'^; 59 (100%) [CHzCOzH]"^

3446.0 (m, O H  str); 3423.6 (m, amide N-H str);

3244.7 (m, amine N-H str); 2923.1 (m, sp  ̂C H str);

1734.1 (s, alkanoic acid C=0 str); 1665.0 (s, amide 

C=0 str); 1560.4 (s, arom C=C str); 1491.3 (m, sp  ̂

C-H bend); 1243.5 (s, amide C-N str); 1165.8 (s, C-O 

str); 800.0 (m, C-F str); 723.8 (m, arom C-H bend)
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HPLC

Analysis

Methanol-water (35:65) + 0.1% triethylamine 

Rt = 8.1 min, 96 %

C17H20F3N3O4; 3.0(CF3C02H) 

calculated C: 37.87 H: 5.76

found C: 37,92 H: 3.42

Molecular weight: 729.43

Base weight: 387.36

N:3.18%  

N: 5.70

N-t-Butoxycarbonyl-2(S)-aminoacetic acid (179)

OH

A IM solution of sodium hydroxide (66 ml) was added to a stirred suspension of 

aminoacetic acid (5.0 g, 0.6 mmol) in 1:1 aqueous 1,4-dioxane (50 ml) cooled to 5®C. Di- 

tert butyldicarbonate (16.02 g, 0.73 mmol) was then added and the reaction mixture stirred 

at ambient temperature for 30 min. The solution was concentrated under reduced pressure 

to approx. 15 ml and cooled in ice/water. Ethyl acetate (50 ml) was then added and the 

reaction mixture acidified to pH 2-3 with IM solution of potassium hydrogen sulphate (30 

ml). The layers were separated, and the aqueous portion was extracted with ethyl acetate (3 

x 25 ml). The combined extracts were then washed with water (25 ml), dried over 

anhydrous sodium sulphate and concentrated in vacuo. The resulting semi-solid (9.94 g, 86 

%) was dried at room temperature under high vaccum over 2 days.

^HNMR (400 MHz, CDCI3)

M S (F A B )m /z(% )

5.11 (d, IH, NH); 4.0 (m, IH, CH2); 1.49 (s, 9H, t- 
Bu);

176 (78%) [MH]^; 119 (97%) {M-C(CH3)3]
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N-t-Butoxycarbonyl-2(S)-aminopropionic acid (180)

OH

A IM solution of sodium hydroxide (42 mi) was added to a stirred suspension of 

aminopropionic acid (5.0 g, 0.4 mmol) in 1:1 aqueous 1,4-dioxane (50 ml) cooled to 5®C. 

Di-tert butyldicarbonate (10.26 g, 0.4 mmol) was then added and the reaction mixture 

stirred at ambient temperature for 30 min. The solution was concentrated under reduced 

pressure to approx. 15 ml and cooled in ice/water. Ethyl acetate (50 ml) was then added 

and the reaction mixture acidified to pH 2-3 with IM solution of potassium hydrogen 

sulphate (30 ml). The layers were separated, and the aqueous portion was extracted with 

ethyl acetate (3 x 25 ml). The combined extracts were then washed with water (25 ml), 

dried over anhydrous sodium sulphate and concentrated in vacuo. The resulting semi-solid 

(7.86 g, 85 %) was dried at room temperature under high vaccum over 3 days.

'HNMR (400 MHz, CDClj)

MS(FAB)m/z(%)

5.11 (d, IH, NH of Nvl); 4.34 (m, IH, CH of Nvl); 

1.89 (m, 4H, 2 x CHj of Nvl); 1.50 (s, 9H, t-Bu); 

0.98 (m, 3H, CH, of Nvl)

218 (97%) [MH]+ 161 (63%) [M-C(CH3)3]

1-(N-t-Butoxycarbonyl-2(S)-methionyl)-5-methoxyindoline-2(R/S)-carboxylic 
acid methyl ester (181)

MeO,

NHBoc
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To a solution of 5-methoxyindoline-2(R/S)-carboxyIic acid methyl ester (115) (0.70 g, 3.3 

mmol) and N-t-butoxycarbonyl-L-methionine (0.92 g, 3.7 mmol) in dry dichloromethane 

(10 ml), diisopropylcarbodiimide (0.59 ml, 3.7 mmol) was added under nitrogen at 10°C. 

The coohng bath was then removed and the reaction mixture stirred for 48 h at room 

temperature. The precipitate that formed was collected by filtration and discarded. TLC 

examination of the filtrate showed the formation of two UV-absorbing products. 

Concentration of the filtrate under reduced pressure afforded the title compound which was 

purified by flash chromatography on silica gel (petroleum spiritiethyl acetate, 3:1). A white 

foam was obtained which was a mixture of two diastereomers (1.28 g, 87 %).

Melting point

‘HNMR (400 MHz, CDClj)

MS(FAB)m/z(%)

173-18rC

8.22-7.61 (m, 3H, H, H« t t i  of indoline); 5.74 (m, 

2H, NH of Met and %  of indoline); 4.66 (m, 6H, CH 

of Met, OCHj of indoline, 2 x H3 of indoline); 2.62 

(m, 2H, CH2SCH3); 2.15 (m, 5H, CH1CH2S and 

SCHj); 1.49(m,9H,t-Bu)

439 (100%) [MH]^; 381 (11%) [M-C(ÇH3)3r ;  337 

(10%) [M-C02C(CH3)3f

1-(N-t-Butoxycarbonyl-2(S)-0-benzyl-seryl)-5-methoxyindoline-2(R/S)- 
carboxylic acid methyl ester (182)

MeO,

OBn

NHBoc

To a solution of 5-methoxyindoline-2(R/S)-carboxylic acid methyl ester (115) (0.70 g, 3.3 

mmol) and N-t-butoxycarbonyl-O-benzyl-L-serine (2.19 g, 7.4 mmol) in dry 

dichloromethane (15 ml), diisopropylcarbodiimide (1.18 ml, 7.5 mmol) was added under 

nitrogen at 10®C. The cooling bath was then removed and the reaction mixture stirred for
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48 h at room temperature. The precipitate that formed was collected by filtration and 

discarded. TLC examination of the filtrate showed the formation of two UV-absorbing 

products. Concentration of the filtrate under reduced pressure afforded the title compound 

which was purified by flash chromatography on silica gel (petroleum spiritiethyl acetate, 

3:1). A white foam was obtained which was a mixture of two diastereomers (1.57 g, 96 %).

Melting point

'HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

132-138°C

8.18 (2d, IH, H7 of indoline); 7.37 (m, 5H, 

OCHaCeHs); 6.79 (m, 2H, H4 of indoline); 5.67 

(m, 2 ^  H2 of indoline and NH of O-benzyl-seryl); 

4.78 (m, 3H, CH of O-benzyl-seryl, and CH2 of O- 

benzyl-seryl); 3.84 (m, lOH, OCH3, Ar-GCHj, 2 x 

H3 of indoline and OCH2C6H5); 1.50 (m, 9H, Bn)

460 (73%) [MH]+

1-(N-t-Butoxycarbonyl-2-glycyl)-5-chloroindoline-2(R/S)-carboxylic acid 
methyl ester (183)

NHBoc

To a solution of 5-chloroindoline-2(R/S)-carboxylic acid methyl ester (116) (1.2 g, 5.6 

mmol) and N-t-butoxycarbonylamino acetic acid (179) (1.08 g, 6.2 mmol) in dry 

dichloromethane (7 ml), diisopropylcarbodiimide (0.98 ml, 6.3 mmol) was added under 

nitrogen at 10®C. The cooling bath was then removed and the reaction mixture stirred for 

48 h at room temperature. The precipitate that formed was collected by filtration and 

discarded. TLC examination of the filtrate idicated the prescence of a single UV-absorbing 

product. Concentration of the filtrate under reduced pressure afforded the title compound
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which was purified by flash chromatography on silica gel (petroleum spiritiethyl acetate, 

3:1). A white foam was obtained (1.73 g, 84 %).

Melting point

’HNMR (400 MHz, CDClj)

MS(FAB)m/z(%)

197-203°C

8,16-7.23 (m, 3H, H? Hg of indoline); 5.56 (m, 

2H, NH of Gly and Hz of indoline); 4.62-3.35 (m, 

7H, CHzof Gly, OCHj and 2 x H3 of indoline); 1.49 

(m, 9H, ^-Bu)

409 (2%) [MH]+ 351 (25%) [M-C(CH3)3f  ; 333 (4%) 

[M-QC(CH3)3f ;  307 (100%) [M-COz(CH3)3]’̂ ; 292 

(13%) [M-NHC02(CH3)3f; 177 (28%) [M-Abu- 

COzH]^

1-(N-t-Butoxycarbonyl-2(S)-alanyl)-5-chloroindoline-2(R/S)-carboxylic 
methyl ester (184)

acid

NHBoc

To a solution of 5-chloroindoline-2(R/S)-carboxylic acid methyl ester (116) (0.72 g, 3.3 

mmol) and N-t-butoxycarbonyl-L-alanine (0.70 g, 3.7 mmol) in dry dichloromethane (5 

ml), diisopropylcarbodiimide (0.58 ml, 3.7 mmol) was added under nitrogen at 10°C. The 

cooling bath was then removed and the reaction mixture stirred for 48 h at room 

temperature. The precipitate that formed was collected by filtration and discarded. TLC 

examination of the filtrate showed the formation of two UV-absorbing products. 

Concentration of the filtrate under reduced pressure afforded the title compound which was 

purified by flash chromatography on silica gel (petroleum spiritiethyl acetate, 3il). A white 

foam was obtained which was a mixture of two diastereomers (0.87 g, 68 %).
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Melting point

’HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

165-170°C

8.16 (2d, IH, H7 of indoline); 7.21 (m, 2H, H« B , of 

indoline); 5.70 (m, 2H, NH of Ala and %  of 

indoline); 4.54 (m, 6H, CH of Ala, 2 x H3 of indoline 

and OCHj); 1.46-1.23 (m, 12H, t-Bu and CH3 of 

Ala)

383 (16%) [MH]*; 368 (4%) [M-CHjf; 354 (20%) 

[M-OCHj]*; 336 (100%) [M-O2CH3]*; 326 (2%) [M- 

C(CH3)3]*

1-(N-t-Butoxycarbonyl-2(S)-norvalyl)-5-chloromdoline-2(R/S)-carboxylic acid 
methyl ester (185)

NHBoc

To a solution of 5-chloroindoline-2(R/S)-carboxylic acid methyl ester (116) (1.20 g, 5.6 

mmol) and N-t-butoxycarbonylaminopropionic acid (180) (1.34 g, 6.2 mmol) in dry 

dichloromethane (7 ml), diisopropylcarbodiimide (0.98 ml, 6.3 mmol) was added under 

nitrogen at 10°C. The cooling bath was then removed and the reaction mixture stirred for 

48 h at room temperature. The precipitate that formed was collected by filtration and 

discarded. TLC examination of the filtrate showed the formation of two UV-absorbing 

products. Concentration of the filtrate under reduced pressure afforded the title compound 

which was purified by flash chromatography on silica gel (petroleum spiritiethyl acetate, 

3:1). A white foam was obtained which was a mixture of two diastereomers (1.90 g, 82 %).

M elting point

‘HNM R (400 M Hz, CDCI3)

151-158°C

8.12 (d, IH, H7 of indoline); 7.24 (m, 2H, B* B , of 

indoline); 5.72-5.04 (m, 2H, H2 of indoline and NH
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MS(FAB)m/z(%)

of Nvl); 4.61 (m, IH, CH of Nvl); 3.81 (2s, 3H, 

OCHj); 3.66 (m, 2H, 2 x Hj of indoline); 1.84 (m, 

4H, CHjCHjCHj and CHjCHjCHj of Nvl); 1.47 (2s, 

9H, (Bn); 0.97 (m, 3H, CHjCHjCHjof Nvl)

411 (35%) [MH]+; 352 (30%) [M-COjCHj]^; 312 

(18%) [M-COjCXCHj))]*; 211 (18%) [M-Nvl]

1-(N-t-Butoxycarbonyl-2(S)-methionyl)-5-chloroindoline-2(R/S)-carboxylic 
acid methyl ester (186)

NHBoc

To a solution of 5-chIoroindoline-2(R/S)-carboxylic acid methyl ester (116) (0.72 g, 3.3 

mmol) and N-t-butoxycarbonyl-L-methionine (1.85 g, 7.4 mmol) in dry dichloromethane 

(5 ml), diisopropylcarbodiimide (1.18 ml, 7.5 mmol) was added under nitrogen at 10°C. 

The cooling bath was then removed and the reaction mixture stirred for 48 h at room 

temperature. The precipitate that formed was collected by filtration and discarded. TLC 

examination of the filtrate showed the formation of two UV-absorbing products. 

Concentration of the filtrate under reduced pressure afforded the title compound which was 

purified by flash chromatography on silica gel (petroleum spiritiethyl acetate, 3:1). A white 

foam was obtained which was a mixture of two diastereomers (1.43 g, 99 % due to 

irremovable diisopropyl urea impurity at this stage).

Melting point

‘HNMR (400 MHz, CDClj)

163-169°C

8.22-7.61 (m, 3H, H? H« H, of indoline); 5.74 (m, 

2H, NH of Met and Hj of indoline); 4.66 (m, 6H, CH 

of Met, OCHj of indoline, 2 x Hj of indoline); 2.62 

(m, 2H, CHjSCHj); 2.15 (m, 5H, CHjCHjS and 

SCHj); 1.49(m,9H,/-Bu)
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MS(FAB)m/z(%) 430 (2%) [M]+ 415 (7%) [M-CHa]''; 399 (100%) [M- 

OCH]]^

N-[(Benzyloxy)carbonyl]-L-methionine methyl ester (188)

COoMe

To an ice-cold solution of L-Methionine methyl ester hydrochloride (179) (2.00 g, 10 

mmol) and potassium bicarbonate (5.0 g, 16 mmol) in water (50 ml) and ethyl acetate (50 

ml) was added dropwise benzyl chloroformate (1.87 g, 11 mmol) over a period of 30 min. 

After the mixture was stirred for 4h, the organic layer was separated, washed with dilute 

hydrochloric acid and then water, dried over anhydrous magnesium sulphate, and 

evaporated to a colourless oily residue. Kugelrohr distillation [120°C (0.05 mm)] and 

crystallization from petroleum ether gave the pure title compound (2.7 g, 90 %).

Melting point

'HNMR (400 MHz, CDCI3)

41-43“C (literature “ ®42-43°C)

7.42 (s, 5H, C6H5CH2O); 5.47 (d, IH, NH); 5.15 (s, 

2H, C6H5CH2O); 4.54 (m, IH, CH); 3.80 (s, 3H, 

OCHj); 2.56 (m, 2H, SCH;); 2.27 (m, 5H, SCHj and 

CH2)

MethylL-2-[[(Benzyloxy)carbonyl]amino]-4-(inethylsulfinyl)butanoate (189)

CbzN

A solution of sodium metaperiodate (2.22g, 10.4 mmol) in water (12 ml) was added 

dropwise to a vigorously stirred ice-cold solution of sulfide (188) (2.97g, 10 mmol) in
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methanol (30 mi). The reaction mixture was stirred for an additional 3h, after which the 

precipitated iodate was filtered off with suction and washed with methanol. The filtrate 

was concentrated to ~10 ml and then extracted several times with chloroform. The 

combined CHCI3 extracts were washed with water, dried, and evaporated to give an oily 

residue. Kugelrohr distillation at 120°C (0.03 mm) gave the sulfoxide (2.77 g, 85 %).

'HNMR (400 MHz, CDClj) 7.39 (s, 5H, CsHsCHjO); 5.90 (d, IH, NH); 5.18 (s, 

2H, CeHsCHjO); 4.55 (m, IH, CH); 3.80 (s, 3H, 

OCHj); 2.82 (m, 2H, SCHj); 2.61 (s, 3H. SCHj); 

2.42-2.21 (m, 2H, CHj)

1-(N-t-Butoxycarbonyl-2(S)-0-benzyl-seryl)-5-methoxyindoline-2(R/S)- 
carboxylic acid (193)

MeO,

OBn

NHBoc

To a solution of l-(N-t-butoxycarbonyl-2(S)-0-benzyl-seryl)-5-methoxyindoline-2(R/S)- 

carboxylic acid methyl ester (182) (1.28 g, 2.6 mmol) in methanol (60 ml) cooled by an 

ice/water bath, sodium hydroxide (0.21 g, 5.2 mmol) in water (2 ml) was added. The 

reaction mixture was stirred at 5-10®C for 5 h until disappearance of the starting ester. The 

mixture was then poured into dichloromethane (100 ml), and washed successively with 

saturated potassium hydrogen sulphate (3 x 25 ml), and water (50 ml). The organic layer 

was dried over anhydrous sodium sulphate, and concentrated under reduced pressure. The 

residue was purified by flash chromatography on silica gel (dichloromethane:methanol, 

5:1) to afford a white foam (1.10 g, 88%).

Melting point 122-129‘’C
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'HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

8.16 (d, J = 8.8 Hz, IH, H , of indoline); 7.42 (m, 5H, 

OCHjCsHs); 6.80 (m, 2H, H< H4 of indoline); 5.79 

(m, 2H, H2 of indoline and NH of O-benzyl-seryl); 

4.91 (m, 3H, CH of O-benzyl-seryl, and OCH2C6H5);

3.87 (m, 7H, Ar-OCHj, 2 x H3 of indoline and CH2 

of O-benzyl-seryl); 1.49 (m, 9H, f Bu)

471 (46%) [MH]* 413 (100%) (M-C(CH3);]*; 369 

(91%) [M-C02C(CH3)3]*; 354 (3%) [M-

C02C(CH3)3]*; 194 (8%) [M-SeiOBnf; 147 

[M-G02H-SerOBn]

1-(N-t-Butoxycarbonyi-2(S)-0-benzyl-seryl)-5-methoxyindoline-2(R/S)- 
carboxylic acid (2,2,2-trifluoroethyl)amide (194)

MeO,

OBn
NHBoc

A solution of l-(N-t-butoxycarbonyl-2(S)-0-benzyl-seryl)-5-methoxyindoline-2(R/S)- 

carboxylic acid (193) (0.38 g, 0.8 mmol) and 2,2,2-trifluoroethylamine hydrochloride salt 

(0.32 g, 2,4 mmol) in dry dichloromethane (10 ml) was purged thoroughly with nitrogen 

and then cooled to 0°C by an ice/salt bath. After 30 min triethylamine (1.01 ml, 7.2 mmol) 

was added followed by the addition of bis(2-oxo-3-oxazolidinyl)phosphinic chloride (0.61 

g, 2.4 mmol) at the same temperature. The cooling bath was removed and the reaction 

mixture stirred for 24 h, then filtered through a pad of Celite. The filtrate was diluted with 

dichloromethane and the resulting solution washed with saturated sodium hydrogen 

carbonate, dried over anhydrous sodium sulphate and concentrated in vacuo. The crude 

residue was purified by flash chromatography on silica gel (petroleum spirit-ethyl acetate, 

7:3) to afford a pale yellow oil. The product was further purified by preparative reversed-
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phase HPLC eluting with 75:25 methanol-water at 2.5 ml/min. The major peaks at 10.4 

min and 11.4 min were collected to give a white solid (0.25 g, 57 %).

Melting point

‘HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

134-141°C

8.10 (m, IH, H7 of indoline); 7.47 (m, 5H, 

OCH2C6H5); 6.84 (m, 2H, Hi; H4 of indoline); 5.65 

(m, 2H, H2 of indoline and NH of O-benzyl-seryl); 

4.72 (m, 3H, OCH2C6H5 and CH of O-benzyl-seryl);

4.01 (m, 9H, CH2 of O-benzyl-seryl, 2 x H3 of 

indoline, Ar-OCHj and CH2CF3); 1.43 (m, 9H, r-Bu)

552 (64%) [MHf; 494 (74%) [M-C(CHj)3f ;  450 

(100%) [M-C02C(CH3)3f ;  275 (8%) [M-SerOBnf ; 

147 (5%) [M-SeiOBn-CONHCF3]^;

1-(N-t-Butoxycarbonyl-2(S)-seryl)-5-methoxyindoline-2(R/S)-carboxylic acid 
(2,2,2-trifluoroethyl)amide (195)

MeO,

OH

NHBoc

1 -(N-t-butoxycarbonyl-2(S)-0-benzyl-seryl)-5 -methoxy-indoline-2(R/S)-carboxylic acid

(2,2,2-trifluoroethyl)amide (194) (0.19 g, 0.3 mmol) and 10% palladium on carbon (110 

mg) were combined and ethyl acetate (3 ml) was added. The resulting heterogenous 

mixture was stirred under hydrogen (1 atm) for 12h at room temperature. The catalyst was 

then filtered off, and the filtrate was evaporated under reduced pressure. The residue was 

then purified by flash chromatography on silica gel (petroleum spiritiethyl acetate, 7:3) to 

yield the title compound. The product was further purified by preparative reversed-phase 

HPLC eluting with 68:32 methanol-water at 2.5 ml/min. The major peaks at 6.9 min and

7.3 min were collected to give a white solid (0.13 g, 86 %).
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Melting point

'HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

157-162°C

8.09-6.74 (m, 3H, H? Ha H4 of indoline); 5.80 (m, 

2H, NH of Ser and H2 of indoline); 4.41 (br m, lOH, 

CH and CH; of Ser, CH2CF3, Ar-OCHa, 2 x H3 of 

indoline and OH); 2.09 (s, 9H, ^-Bu)

462 (30%) [MH]* 404 (50%) [M-CXCHj),]* 363 

(26%) [M-NHCH2CF3]*; 360 (100%) [M-

C0 zC(CH3)3]*; 275 (24%) [M-SeiOBnf; 147 (6%) 

[M-SeiOBn-CONHCF3]*;

1-(N-t-Butoxycarbonyl-2(S)-propional)-5-methoxyindoline-2(R/S)-carboxylic 
acid (2,2,2-trifluoroethyl)amide (196)

MeO,

CONHCH,CF

CHO

NHBoc

Chromium trioxide (0.17 g, 1.7 mmol) was added to a magnetically stirred solution of 

pyridine (0.27 ml) in dichloromethane (4.25 ml). The flask was stoppered with a drying 

tube containing drierite, and the deep burgendy solution was stirred for 15 min at room 

temperature. At the end of this period, a solution of the alcohol (195) (0,08 g, 0.1 mmol) in 

a small volume of methylene chloride was added in one portion. A tarry black deposit 

separated immediately. After stirring for an additional Ih at room temperature, the solution 

was decanted from the residue, which was washed with ether (6 ml). The combined 

organic solutions were washed with 5% aqueous sodium hydroxide ( 3 x 3  ml), 5% 

aqueous hydrochloric acid (3 ml), 5% aqueous sodium bicarbonate solution (3 ml), 

saturated aqueous sodium chloride solution (3 ml), and were dried over anhydrous 

magnesium sulfate.
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To a solution of 5-methoxyindoline carboxylic acid-N-t-Boc-L-serine-2(S)-carboxylic acid 

trifluoroethylamide (195) (0.08g, 0.1 mmol) in dichloromethane (3 ml), prididinium 

dichromate (PDC) (0.32 g, 0.8 mmol) was added under an atmosphere of nitrogen at 

ambient temperature. After 3 days the reaction mixture was diluted with ether, filtered 

through Celite and evaporated to afford the crude aldehyde.

Melting point

'HNMR (400 MHz, CDCI3)

MS(EI)m/z(%)

154-161'’C

10.1 (s, IH, CHO); 8.17 (d, J = 8.0 Hz, H? of 

indoline); 6.85 (m, 2H, Hi of indoline); 6.09 (m, 

IH, Hz of indoline); 4.10 (m, 5H, CH of Abu, 

CONHCHz, 2 X Hj of indoline); 3.78 (s, 3H, OCHj); 

1.52(s,9H,f-Bu)

460 (16%) [MH]+

1-(N-t-Butoxycarbonyl-2(S)-methionyl)-5-methoxyindoline-2(R/S)-carboxylic 
acid (200)

MeO,

NHBoc

To a solution of l-(N-t-butoxycarbonyl-2(S)-methionyl)-5-methoxyindoline-2(R/S)- 

carboxylic acid methyl ester (181) (1.49 g, 3.3 mmol) in methanol (7 ml) cooled by an 

ice/water bath, sodium hydroxide (0.27 g, 6.7 mmol) in water (3 ml) was added. The 

reaction mixture was stirred at 5-10°C for 5 h until disappearance of the starting ester. The 

mixture was then poured into dichloromethane (100 ml), and washed successively with 

saturated potassium hydrogen sulphate (3 x 25 ml), and water (50 ml). The organic layer 

was dried over anhydrous sodium sulphate, and concentrated under reduced pressure. The 

residue was purified by flash chromatography on silica gel (dichloromethane:methanol, 

5:1) to afford a white foam (1.32 g, 93 %).
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Melting point

'HNMR (400 MHz, de-DMSO)

MS(FAB)m/z(%)

162-169°C

8.15 (m, IH, n?  of indoline); 7.49 (m, 2H, H« H , of 

indoline); 5.70 (m, 2H, NH of Met and Hz of 

indoline); 4.52 (m, 6H, CH of Met, Ar-OCHj and 2 x 

H j of indoline); 2.86 (m, 2H, CH2SCH3), 2.33 (m, 

5H, SCHj and CH2CH2S); 1.54 (m, 9H, <-Bu)

425 (89%) [MH]'’; 367 (16%) [M-C(CHj)j]; 193 

(23%) [M-MetJ; 148 (12%) [M-Met-COzH]

1-(N-t-Butoxycarbonyl-2-glycyl)-5-chloroindoline-2(R/S)-carboxync acid (201)

NHBoc

To a solution of l-(N-t-butoxycarbonyl-2-glycyl)-5-'Chloroindoline-2(R/S)-carboxylic acid 

methyl ester (183) (0,70 g, 1.8 mmol) in methanol (10 ml) cooled by an ice/water bath, 

sodium hydroxide (0.15 g, 3.7 mmol) in water (2 ml) was added. The reaction mixture was 

stirred at 5-10°C for 5 h until disappearance of the starting ester. The mixture was then 

poured into dichloromethane (50 ml), and washed successively with saturated potassium 

hydrogen sulphate (3 x 15 ml), and water (25 ml). The organic layer was dried over 

anhydrous sodium sulphate, and concentrated under reduced pressure. The residue was 

purified by flash chromatography on silica gel (dichloromethaneimethanol, 5:1) to afford a 

white foam (0.63 g, 95 %).

M elting point

'HNM R (400 M H z, CD Clj)

186-192°C

8.11 (d ,J = 8.0Hz, IH, Ht of indoline); 7.22 (m, 2H, 

EU H4 of indoline); 4.49 (br s, m, IH, H2 of indoline
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MS(FAB)m/z(%)

and COOH); 4.39 (m, 2H, CH2 of Gly); 3.66 (m, 2H, 

2 X H3 of indoline); 1.5 (m, 9H, /-Bu)

355 (58%) [MH]+

1-(N-t-Butoxycarbonyl-2(S)-alanyl)-5-chloroindoline-2(R/S)-carboxylic acid
(202)

NHBoc

To a solution of l-(N-t-butoxycarbonyl-2(S)-alanyl)-5-chloroindoline-2(R/S)-carboxylic 

acid methyl ester (184) (1.75 g, 4.5 mmol) in methanol (10 ml) cooled by an ice/water 

bath, sodium hydroxide (0.36 g, 9.1 mmol) in water (3.5 ml) was added. The reaction 

mixture was stirred at 5-10°C for 5 h until disappearance of the starting ester. The mixture 

was then poured into dichloromethane (50 ml), and washed successively with saturated 

potassium hydrogen sulphate (3 x 15 ml), and water (25 ml). The organic layer was dried 

over anhydrous sodium sulphate, and concentrated under reduced pressure. The residue 

was purified by flash chromatography on silica gel (dichloromethane:methanol, 5:1) to 

afford a white foam (1.44 g, 86 %).

Melting point

'HNMR (400 MHz, CDCb)

M S (F A B )m /z (% )

154-163°C

8.41-7.49 (m, 3H, H7 H« H4 of indoline); 5.53 

(m, IH, H2 of indoline); 4.79 (m, 2H, NH of 

Abu and CH of Ala); 3.96 (m, >2H, 2 x H3 of 

indoline and COOH); 1.68 (t, J = 7.2 Hz, 3H, 

CH, of Abu); 1.54 (m, 9H, ABu)

369 (20%) [MH]+
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1-(N-t-Butoxycarbonyl-2(S)-norvalyl)-5-chloroindoline-2(R/S)-carboxylic acid 
(203)

NHBoc

To a solution of l-(N-t-butoxycarbonyl-2(S)-norvalyl)-5-chloromdoline-2(R/S)-carboxylic 

acid methyl ester (185) (1.75 g, 4.2 mmol) in methanol (20 ml) cooled by an ice/water 

bath, sodium hydroxide (0.34 g, 8.5 mmol) in water (3.5 ml) was added. The reaction 

mixture was stirred at 5-10®C for 5 h until disappearance of the starting ester. The mixture 

was then poured into dichloromethane (100 ml), and washed successively with saturated 

potassium hydrogen sulphate (3 x 25 ml), and water (50 ml). The organic layer was dried 

over anhydrous sodium sulphate, and concentrated under reduced pressure. The residue 

was purified by flash chromatography on silica gel (dichloromethaneimethanol, 5:1) to 

afford a white foam (1.51 g, 89 %).

Melting point

^HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

149-154°C

7.96 (m, 3H, Hy Hg H4 of indoline); 5.53 (m, 2H, H2 

of indoline and NH of Nvl); 4.26-3.35 (m, >3H, CH 

of Nvl, 2 X H3 of indoline and COOH); 2.01 (m, 4H, 

CH2CH2CH3 and CH2CH2CH3); 0.99 (m, 3H, CH3 of 

Nvl)

397 (25%) [MH]*; 351 (31%) [M-CO2H]*; 339 

(73%) [M-C(CH3)3]*; 297 (74%) [M-CO2H-

C(CH3)3]*; 196 (12%) [M-Nvlj; 151 (8%) [M-Nvl- 

C02H]*

1-(N-t-Butoxycarbonyl-2(S)-methionyl)-5-chloroindoline-2(R/S)-carboxylic 
acid (204)



Experimental 269

NHBoc

To a solution of l-(N-t-butoxycarbonyl-2(S)-methionyl)-5"Chloroindoline-2(R/S)- 

carboxylic acid methyl ester (186) (2.29 g, 5.3 mmol) in methanol (15 ml) cooled by an 

ice/water bath, sodium hydroxide (0.43 g, 10.7 mmol) in water (4 ml) was added. The 

reaction mixture was stirred at 5-10°C for 5 h until disappearance of the starting ester. The 

mixture was then poured into dichloromethane (100 ml), and washed successively with 

saturated potassium hydrogen sulphate (3 x 25 ml), and water (50 ml). The organic layer 

was dried over anhydrous sodium sulphate, and concentrated under reduced pressure. The 

residue was purified by flash chromatography on silica gel (dichloromethaneimethanol, 

5:1) to afford a white foam (1.88 g, 81 %).

Melting point

^HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

153-157°C

8.15 (m, IH, H7 of indoline); 7.32 (m, 2H, BL# of 

indoline); 5.54 (m, 2H, H2 of indoline and NH of 

Met); 4.61 ( br m, >3H, CH of Met, 2 x H3 of 

indoline and COOH); 2.58 (m, 2H, CH2SCH3); 2.21 

(m, 5H, CH2CH2S and SCH3); 1.50 (m, 9H, r-Bu)

429 (4%) [M f ; 451 (100%) [M-Na]^; 371 (2%) [M- 

C(CE3hŸ; 327 (2%) [M-C02C(CH3)3]^

1-(N-t-Butoxycarbonyl>2(S)-methionyl)-5-methoxyindoline-2(R/S)-carboxylic 
acid (2,2,2-trifluoroethyl)amide (205)
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MeO,

NHBoc

A solution of l-(N-t-butoxycarbonyl-2(S)-methionyl)-5-methoxyindoline-2(R/S)- 

carboxylic acid (200) (0.38 g, 0.8 mmol) and 2,2,2-trifluoroethylamine hydrochloride salt 

(0.36 g, 2.6 mmol) in dry dichloromethane (10 ml) was purged thoroughly with nitrogen 

and then cooled to 0®C by an ice/salt bath. After 30 min triethylamine (1.21 ml, 8.0 mmol) 

was added followed by the addition of bis(2-oxo-3-oxazolidinyl)phosphinic chloride (0.68 

g, 2.6 mmol) at the same temperature. The cooling bath was removed and the reaction 

mixture stirred for 24 h, then filtered through a pad of celite. The filtrate was diluted with 

dichloromethane and the resulting solution washed with saturated sodium hydrogen 

carbonate, dried over anhydrous sodium sulphate and concentrated in vacuo. The crude 

residue was purified by flash chromatography on silica gel (petroleum spirit-ethyl acetate, 

7:3) to afford a pale yellow oil. The product was further purified by preparative reversed- 

phase HPLC eluting with 60:40 methanol-water at 2.5 ml/min. The major peaks at 26.6 

min and 30.1 min were collected to give a white solid (0.26 g, 58 %).

Melting point

'HNMR (400 MHz, CDCI3)

M S (F A B )m /z (% )

179-183°C

8.15-6.86 (m, 3H, H? Hé H4 of indoline); 5.45 (m, 

2H, NH of Met and H2 of indoline); 4.52 (m, 8H, CH 

of Met, Ar-OCHs, CH2CF3 and 2 x H3 of indoline);

2.74 (m, 2H, CH2SCH3); 2.15 (m, 5H, CH2CH2S and 

SCH3); 1.55 (m,9H,/-Bu)

506 (18%) [MH]+; 404 (75%) [M-C02C(CH3)jr; 275 

(100%) [M-Metf; 147 (9%) [M-Met-C0 NHCF3r
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1-(N-t-Butoxycarbonyl-2-glycyl)-5-chloroindoline-2(R/S)-carboxylic acid 
(2,2,2-trifluoroethyl)amide (206)

NHBoc

A solution of l-(N-t-butoxycarbonyl-2-gIycyl)-5-chioroindoline-2(R/S)-carboxylic acid

(201) (0.60 g, 1.6 mmol) and 2,2,2-trifluoroethylamine hydrochloride salt (0.68 g, 5.0 

mmol) in dry dichloromethane (6 ml) was purged thoroughly with nitrogen and then 

cooled to 0®C by an ice/salt bath. After 30 min triethylamine (2.12 ml, 15.2 mmol) was 

added followed by the addition of bis(2-oxo-3-oxazolidinyl)phosphinic chloride (1.29 g,

5.0 mmol) at the same temperature. The cooling bath was removed and the reaction 

mixture stirred for 24 h, then filtered through a pad of celite. The filtrate was diluted with 

dichloromethane and the resulting solution washed with saturated sodium hydrogen 

carbonate, dried over anhydrous sodium sulphate and concentrated in vacuo. The crude 

residue was purified by flash chromatography on silica gel (petroleum spirit-ethyl acetate, 

7:3) to afford a pale yellow oil. The product was further purified by preparative reversed- 

phase HPLC eluting with 50:50 methanol-water at 2.5 ml/min. The major peak at 12.9 min 

was collected to give a white solid (0.57 g, 78 %).

Melting point

*HNMR (400 MHz, CDCI3)

M S (F A B )m /z (% )

203-209®C

8.19 (2d, IH, H7 of indoline); 7.24 (m, 2H, t t ,  of

indoline); 5.54 (m, IH, Hz of indoline); 4.61 (m, 2H, 

GHz of Gly); 3.74 (m, 4H, CH2CF3 and 2 x H3 of 

indoline); 1.5 (m, 9H, r-Bu)
436 (84%) [MH]+ 458 (100%) [M-Na]^; 378 (8%) 

[M-C(CH3)3]^; 278 (5%) [M-Gly]^
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1-(N-t-Butoxycarbonyl-2(S)-alanyl)-5-chloromdoline-2(R/S)-carboxylic acid 
(2,2,2>trifluoroethyl)amide (207)

NHBoc

A solution of l-(N-t-butoxycarbonyl-2(S)-alanyl)-5-chloroindoline-2(R/S)-carboxylic acid

(202) (0.38 g, 1.0 mmol) and 2,2,2-trifluoroethylamine hydrochloride salt (0.41 g, 3.0 

mmol) in diy dichloromethane (6 ml) was purged thoroughly with nitrogen and then 

cooled to 0°C by an ice/salt bath. After 30 min triethylamine (1.29 ml, 3.0 mmol) was 

added followed by the addition of bis(2-oxo-3-oxazolidinyl)phosphinic chloride (0.78 g,

3.0 mmol) at the same temperature. The cooling bath was removed and the reaction 

mixture stirred for 24 h, then filtered through a pad of celite. The filtrate diluted with 

dichloromethane and the resulting solution washed with saturated sodium hydrogen 

carbonate, dried over anhydrous sodium sulphate and concentrated in vacuo. The crude 

residue was purified by flash chromatography on silica gel (petroleum spirit-ethyl acetate, 

7:3) to afford a pale yellow oil. The product was further purified by preparative reversed- 

phase HPLC eluting with 75:25 methanol-water at 2.5 ml/min. The major peaks at 7.6 min 

and 8.5 min were collected to give a white solid (0.28 g, 61 %).

Melting point

'HNMR (400 MHz, CDCh)

M S (FAB) m/z (%)

173-178®C

8.44-7.53 (m, 3H, H? Hô BU of indoline); 5.56 (m, 

2H, Hz indoline and NH of Ala); 4.37 (m, 5H, CH of 

Ala, CH2CF3 and 2 x H3 of indoline); 1.68 (m, 12H, 

f-Bu and CH3 of Ala)

450 (43% ) [MH]+; 294 (19% ) [M-AIa]
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1-(N-t-Butoxycarbonyl-2(S)-norvalyl)-5-chloroîndoline>2(R/S)-carboxylic acid 
(2,2,2-trifluoroethyl)amide (208)

CONHCHoCF

NHBoc

A solution of l-(N-t-butoxycarbonyl-2(S)-norvalyl)-5-chloroindoline-2(R/S)“Carboxylic 

acid (203) (1,50 g, 3.7 mmol) and 2,2,2-trifluoroethylamine hydrochloride salt (1.53 g,

11.3 mmol) in dry dichloromethane (15 ml) was purged thoroughly with nitrogen and then 

cooled to 0°C by an ice/salt bath. After 30 min triethylamine (4,74 ml, 34.0 mmol) was 

added followed by the addition of bis(2-oxo-3-oxazolidinyl)phosphinic chloride (2.88 g,

11.3 mmol) at the same temperature. The cooling bath was removed and the reaction 

mixture stirred for 24 h, then filtered through a pad of celite. The filtrate was diluted with 

dichloromethane and the resulting solution washed with saturated sodium hydrogen 

carbonate, dried over anhydrous sodium sulphate and concentrated in vacuo. The crude 

residue was purified by flash chromatography on silica gel (petroleum spirit-ethyl acetate, 

7:3) to afford a pale yellow oil. The product was further purified by preparative reversed- 

phase HPLC eluting with 75:25 methanol-water at 2.5 ml/min. The major peaks at 12.5 

min and 14.6 min were collected to give a white solid (1.35 g, 75 %).

Melting point

'HNMR (400 MHz, CDClj)

M S (F A B )m /z(% )

156-161°C

8.09-7.22 (m. 3H, H7 H< H4 of indoline); 5.51 (m, 

2H, NH of Nvl and Hi of indoline); 4.27 (m, 5H, CH 

of Nvl, CH2CF3, 2 X H3 of indoline); 1.88 (m, 4H, 

CH2CH2CH3 and CH2CH2CH3); 1.0 (t, J = 7.2 Hz, 

3H,CH3ofNvl)

478 (26%) [MH]+ 500 (11%) [M*Na]^; 420 (37%) 

[M-C(CH3)3]^ 378 (14%) [M-C02C(CH3)3f; 278 

(27%) [M-Nvl]" ;̂ 152 (12%) [M-Nv1-CONHCF3]^
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1-(N-t-Butoxycarbonyl*2(S)-methionyl)-5-chloroindoline-2(R/S)-carboxylic 
acid (2,2,2-trifluoroethyl)amide (209)

NHBoc

A solution of l-(N-t-butoxycarbonyl-2(S)-methionyl)-5-chioroindoline-2(R/S)"Carboxylic 

acid (204) (0.38 g, 0.8 mmol) and 2^,2-trifluoroethylamine hydrochloride salt (0.36 g, 2.6 

mmol) in diy dichloromethane (15 ml) was purged thoroughly with nitrogen and then 

cooled to 0°C by an ice-salt bath. After 30 min triethylamine (1.11 ml, 7.9 mmol) was 

added followed by the addition of bis(2-oxo-3-oxazolidinyl)phosphinic chloride (0.67g, 2.6 

mmol) at the same temperature. The cooling bath was removed and the reaction mixture 

stirred for 24 h, then filtered through a pad of Celite, The filtrate was diluted with 

dichloromethane and the resulting solution washed with saturated sodium hydrogen 

carbonate, dried over anhydrous sodium sulphate and concentrated in vacuo. The crude 

residue was purified by flash chromatography on silica gel (petroleum spirit-ethyl acetate, 

7:3) to afford a pale yellow oil. The product was further purified by preparative reversed- 

phase HPLC eluting with 75:25 methanol-water at 2.5 ml/min. The major peaks at 13.2 

min and 14.9 min were collected to give a white solid (0.33 g, 78 %).

Melting point

‘HNMR (400 MHz, CDClj)

M S (F A B )m /z (% )

169-174°C

8.21-7.35 (m, 3H, H? Hs H4 of indoline); 5.65 (m, 

2H, NH of Met and H ; of indoline); 4.48 (m, 5H, CH 

of Met, CH2CF3 and 2 x BU of indoline); 2.22 (m, 

2H, CH2SCH3); 2.19 (m, 5H, CH2CH2S and SCH3); 

1.50(m,9H,<-Bu)

532 (8%) [MH]*; 452 (3%) [M-C(CH3)3] ;̂ 408 (33%) 

[M-C02C(CH3)3r ;  277 (74%) [M-Met]^
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1-(N-t-Butoxycarbonyl>2-glycyl)-5-methoxyindoline-2(R/S)-carboxylic acid 
(butyl)amide (210)

MeO,

CONHBu

NHBoc

To a solution of 5-methoxyindoline-2(R/S)-carboxyliG acid butyl amide (ZL92) (0.70 g, 

2,8 mmol) and N-t-butoxycarbonyl aminoacetic acid (179) (0.54 g, 3.1 mmol) in diy 

dichloromethane (5 ml), diisopropylcarbodiimide (0.49 ml, 3.1 mmol) was added under 

nitrogen at 10®C. The cooling bath was then removed and the reaction mixture stirred for 

48 h at room temperature. The precipitate that formed was collected by filtration and 

discarded. TLC examination of the filtrate showed the formation of a single UV-absorbing 

product. Concentration of the filtrate under reduced pressure afforded the title compound 

which was purified by preparative reversed-phase HPLC eluting with 65:35 methanol- 

water at 2.5 ml/min. The major peak at 6.2 min was collected to give a white foam (0.91 g, 

79 %).

Melting point

'HNMR (400 MHz, CDClj)

MS (APCI +ve) m/z (%)

187-192°C

7.04-6.73 (m, 3H, H , H« of indoline); 5.51 (m, 

2H, NH of Gly and Hj of indoline); 4.35-3.30 (m, 

6H, CH: of Gly, CONHCHj and 2 x Hj of indoline);

3.75 (s, 3H, Ar-OCHj); 1.51 (m, IIH, € %  of butyl 

and t-Bu); 1.48 (m, 2H, CH; of butyl); 0.93 (t, J = 

7.2 H z,3H,CH3 0fbutyl)

428 (18%) [M+Naf; 406 (75%) [MH]^

i-(N-t-Butoxycarbonyl>2(S)-norvaiyl)-5-methoxyindoline-2(R/S)-carboxylic 
acid (butyi)amide (211)
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MeO,

CONHBu

NHBoc

To a solution of 5-methoxyindoline-2(R/S)"Carboxylic acid butyl amide (ZL92) (0.30 g,

0.7 mmol) and N-t-butoxycarbonyl aminopropionic acid (180) (0.14 g, 0.8 mmol) in dry 

dichloromethane (5 ml), diisopropylcarbodiimide (0.12 ml, 0.7 mmol) was added under 

nitrogen at 10°C. The cooling bath was then removed and the reaction mixture stirred for 

48 h at room temperature. The precipitate that formed was collected by filtration and 

discarded. TLC examination of the filtrate showed the formation of two UV-absorbing 

products. Concentration of the filtrate under reduced pressure afforded the title compound 

which was purified by preparative reversed-phase HPLC eluting with 65:35 methanol- 

water at 2.5 ml/min. The major peaks at 10.9 min and 12.4 min were collected to give a 

white foam (0.22 g, 71 %).

Melting point

'HNMR (400 MHz, CDCI3)

MS(FAB)m/z(%)

142-148‘>C

7.47-6.98 (m, 3H, H? Hg H4 of indoline); 5.40 (m, 

2H, NH of Nvl and H2 of indoline); 4.39 (m, 2H, 

CONHCH2 and 2 X H3 of indoline); 3.77 (s, 3H, Ar- 

OCH3); 1.73 (m, 15H, 2 X CH2 of Nvl, CH2 of butyl 

and f-Bu); 1.32 (m, 2H, CH2 of butyl); 1.06 (m, 6H, 

CH3 of butyl and CH3 of Nvl)

448 (9%) [MH]+; 347 (36%) [M-Nvlf ; 249 (100%) 

[M- CONHBu^; 147 (9%) [M- Nvl-CONHBu]^

1-(2(S)-methionyl)-5-methoxyindoline-2(R/S)-carboxylic acid (2,2,2- 
trlfluoroethyl)amlde trifluoroacetate (212) (UCL 2167)
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MeO,

CONHCHoCF

A solution of l-(N-t-Butoxycarbonyl-2(S)-methionyl)-5-methoxyindoiine-2(R/S)- 

carboxylic acid (2^^-trifluoroethyl)aniide (205) (0.14 g, 0.2 mmol) in dichloromethane (2 

ml) was cooled to 0®C by an ice bath. To this solution trifluoroacetic acid (0.8 ml) was 

added dropwise under a nitrogen atmosphere. The resulting mixture was stirred at 0-5®C 

for 3 h. Evaporation of the solution to dryness under reduced pressure gave the crude 

product which was purified by column chromatography on silica gel employing 

dichloromethane:methanol, 15:1. The final product was dried under high vacuum at room 

temperature (over 2 days) and obtained as a white powder in near quantitative yield (130 

mg, 93 %). •:

Melting point

'HNMR (400 MHz, de-DMSO)

MS(FAB)m/z(%)

HPLC

152-155°C

8.05-6.90 (m, 3H. H? H, of indoline); 5.31 (2d, 

IH and %  of indoline); 4.08 (m, >8H, CH of Met, 

Ar-OCHa, CH2CF3, 2 x Hj of indoline and water); 

2.56 (m, 2H, CH2SCH3); 2.07 (2s, 3H, SCHj); 1.99 

(m,2H,CH2CH2S)

406 (100%) [MH]'’; 275 (50%) [M-Metf

3351.9 (m, amide N H str); 3269.9 (m, amine N-H 

str); 3095.5 (m, sp  ̂ C H str); 1665.1, 1637.8 (s, 

amide C=0 str); 1567.0 (s, arom C=C str); 1490.7 

(m, sp̂  C-H bend); 1267.3 (s, amide C-N str); 1158.3 

(s, ether C O  str); 853.2 (m, C-F str); 815.1 (m, arom 

C-H bend); 667.9 (w, C-S str)

Methanol-water (45:55) + 0.1% triethylamine
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Analysis

Rt = 17.8 min, 47.6 %

19.1 min, 52.4 %

C17H22F3N3O3S; 0.4(CF3C02H) 

calculated C: 47.40 H: 5.01

found C: 47,34 H: 4.89

Molecular weight: 451,02

Base weight: 405.43

N: 9.32 

N: 9.42

1-(2(S)-Seryl)-5-methoxyindoline-2(R/S)-carboxylic acid (2,2,2- 
trifluoroethyl)amide trifluoroacetate (213) (UCL 2274-F)

MeO.

Y  OH
N H 2 (C F 3 C 0 2 H )2 .5 (H 2 0 ) ,.5

A solution of l-(N-t-Butoxycarbonyl-2(S)-seryl)-5-methoxyindoline-2(R/S)-carboxylic 

acid (2,2,2-trifluoroethyl)amide (0.03 g, 0.06 mmol) (195) in dichloromethane (2 ml) was 

cooled to 0°C by an ice bath. To this solution trifluoroacetic acid (0.5 ml) was added 

dropwise under a nitrogen atmosphere. The resulting mixture was stirred at 0-5®C for 3 h. 

Evaporation of the solution to dryness under reduced pressure gave the crude product 

which was purified by column chromatography on silica gel employing 

dichloromethane:methanol, 10:1. The final product was dried under high vacuum at room 

temperature (over 2 days) and obtained as a white powder (127 mg, >100 %).

M elting point

'H NM R (400 M Hz, CDCI3)

137-139°C

9.17 (t, IH. CF3CO2H); 8.34 (br s, IH, CONH); 8.03 

(d, J = 8.7 Hz, IH, H t of indoline); 7.23 (m, 3H, H« 

H» of indoline); 5.30 (d,d, J = 9.7 Hz, J = 9.6 Hz, IH,
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MS(FAB)m/z(%)

HPLC

Analysis

Hi of indoline); 3.99 (m, >10H, CH and CHi of Ser, 

CH2CF3, Ar-OCHa, 2 x H3 of indoline and water);

362 (100%) 273 (47%) [M-Serf; 147 (5%)

[M-SeiOBn-CONHCFjf

3426.6 (m, O H  str); 3401.0 (m, amide N-H str);

3327.5 (m, amine N-H str); 2857.0 (m, sp  ̂C-H str);

1678.5 (s, amide C=0 str); 1499.1 (s, arom C=C str);

1432.0 (m, sp  ̂C-H bend); 1204.9 (s, amide C-N str); 

1159.2 (s, ether C O  str); 802.7 (m, C-F str); 724.3 

(m, arom C-H bend)

Methanol-water (45:55) + 0.1% triethylamine

Rt = 8.5 min, 51.2 %

9.2 min, 47.9 %

C15H18F3N3O4; 2.5(CF3COiH); 1.5(HiO) 

calculated C: 35.67 H: 3.52 N; 6.24

found C: 35.33 H: 3,51 

Molecular weight: 673.17 

Base weight: 361.32

N: 6.05

1-(2(S)-Glycyl)-5-chloromdoline-2(R/S)-carboxylic acid (2,2,2 
trifluoroethyl)amlde trifluoroacetate (214) UCL 2153-F)
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A solution of l>(N-t-ButoxycarbonyI“2-glycyl)-5-chloroindoline-2(R/S)-carboxylic acid 

(2,2,2-trifluoroethyl)amide (206) (0.19 g, 0.3 mmol) in dichloromethane (2 ml) was cooled 

to 0°C by an ice bath. To this solution trifluoroacetic acid (0.8 ml) was added dropwise 

under a nitrogen atmosphere. The resulting mixture was stirred at 0-5®C for 3 h. 

Evaporation of the solvent under reduced pressure afforded the triflate salt which was 

dissolved in petroleum spirit:acetone (7:3) and evaporated in vacuo until foam formation 

(64 mg, 76 %).

Melting point

'HNMR (400 MHz, dé-DMSO)

MS(FAB)m/z(%)

IR(v/cra'‘)

HPLC

Analysis

170-174®C

9.29 (t, 0.2H, CF3CO2H); 8.06 (d, J = 8.0 Hz, IH, H? 

of indoline); 7.43 (s, IH, K# of indoline); 7.35 (d, J =

8.0 Hz, IH, BU of indoline); 5.22 (m, IH, Hz of 

indoline); 4.40 (m, 2H, CH2CF3 and CHz of Gly); 

3.71-3.32 (m, 2H, 2 x H j of indoline)

336 (32%) [MH]*; 278 (100%) [M-Gly]

3441.7 (br m, O H  str); 3300.9 (m, amide N-H str);

3108.5 (m, amine N-H str); 2986.8 (m, sp  ̂C H str);

1677.6 (s, amide O O  str); 1571.4 (s, arom C=C str);

1481.7 (m, sp  ̂C-H bend); 1240.7 (s, amide C-N str);

832.5 (m, C-F str); 723.2 (m, arom C-H bend); <400 

(arom C-Cl)

Methanol-water (40:60) + 0.1% triethylamine 

Rt = 6.0 min, 98.1 %

C 13H 13CIF3N3O2; 1 .4 (CF3COzH) 

calculated C: 38.31 H: 2.93

found C: 38.37 H: 2.77

Molecular weight: 495.33

Base weight: 335.71

N: 8.48

N: 8.39
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1-(2(S)-Alanyl)-5-chloroindolîne-2(R/S)-carboxylic acid (2,2,2- 
trifluoroethyl)amide trifluoroacetate (215) (UCL 2165-F)

A solution of l-(N-t“Butoxycarbonyl-2(S)-alanyi)-5-chloroindoline-2(R/S)-carboxylic acid 

(2,2,2-tri£luoroethyl)amide (207) (0.22 g, 0.4 mmol) in dichloromethane (2 ml) was cooled 

to 0°C by an ice bath. To this solution trifluoroacetic acid (1.5 ml) was added dropwise 

under a nitrogen atmosphere. The resulting mixture was stirred at 0-5®C for 3 h. 

Evaporation of the solution to dryness under reduced pressure gave the crude product 

which was purified by column chromatography on silica gel employing 

dichloromethane:methanol, 15:1. The final product was dried under high vacuum at room 

temperature (over 2 days) and obtained as an off-white powder (59 mg, 29 %).

Melting point

'HNMR (400 MHz, d6-DMSO)

MS(FAB)m/z(%)

HPLC

8.12 (2d, J = 8.0 Hz, IH, H7 of indoline); 7.45 (m, 

2H, H4 of indoline); 5.38 (m, IH, H2 of indoline); 

4.01-2.84 (m, >5H, CH of Ala, CH2CF3, 2 x H3 of 

indoline and water); 1.39 (m, 3H, CH3 of Ala)

350 (35%) [MH]*; 279 (21%) [M-Alaf; 223 (100%) 

[M-Ala]^; 154 (%) [M-Ala-CONHCFjf

3355.6 (m, amide N-H str); 3279.4 (m, amine N-H 

str); 2985.1 (m, sp  ̂ C-H str); 1664.4 (s, amide C=0 

str); 1566.3 (s, arom C=C str); 1473.7 (m, sp  ̂ C-H 

bend); 1206.7 (s, amide C-N str); 830.7 (m, C-F str);

723.7 (m, arom C-H bend); <400 (arom C-Cl)

M ethanol-water (60:40) + 0.1% triethylamine
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Analysis

Rt = 6.0 min, 30.5 %

6.5 min, 69.4 %

C14H15CIF3N3O2; 0 .5(CF3C02H ) 

calculated C: 44.29 H: 3.84

found C: 44.40 H: 3.91

Molecular weight: 406.7

Base weight: 349.74

N: 10.33 

N: 10.23

1-(2(S)-Norvalyl)-5-chloroindoline-2(R/S)>carboxylic acid (2,2,2- 
trifluoroethyl)amide trifluoroacetate (216) (UCL 2152-F)

CONHCHoCF

A solution of l-(N-t-Butoxycarbonyl-2(S)-norvalyl)-5-chloroindoline-2(R/S)-carboxylic 

acid (2,2^-trifluoroethyl)amide (208) (1.08 g, 2.2 mmol) in dichloromethane (5 ml) was 

cooled to 0®C by an ice bath. To this solution trifluoroacetic acid (2.5 ml) was added 

dropwise under a nitrogen atmosphere. The resulting mixture was stirred at 0-5°C for 3 h. 

Evaporation of the solution to diyness under reduced pressure gave the crude product 

which was purified by column chromatography on silica gel employing 

dichloromethane:methanol, 15:1. Trifluoroacetic acid (1-2 drops) was added to the final 

product, which was dried under high vacuum at room temperature and obtained as a pale 

yellow foam (1.05 g, 97 %).

M elting point

'HNMR (400 M Hz, ds-DM SO)

132-138°C

8.11 (2d, J = 8.2 Hz, IH, H7); 7.41 (m, H, Ht H4 of 

indoline); 5.31 (2d,d, J = 10.2 Hz, 1.2 Hz, IH, Hz of
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MS(FAB)m/z(%)

IR(v/cm'’)

HPLC

Analysis

indoUne); 4.25 (m, >4H CH of Nvl, CHjCFs, H3 of 

indoline and water); 3.02 (m, IH, Hj of indoline 

1.87-1.18 (m, 4H, CH2CH2CH3 and CH2CH2CH3);

0.95(m,3H,CHjofNvl)

378 (28%) [MH]' ;̂ 150 (3%) [M-NvI-CONHCF3f

3284.5 (m, amide N-H str); 3083.3 (m, amine N-H 

str); 2970.3 (m, sp  ̂C-H str); 1681.6 (s, amide O O  

str); 1563.7 (s, arom C=C str); 1478.4 (m, sp  ̂ C H 

bend); 1165.6 (s, amide C-N str); 836.0 (m, C-F str);

723.5 (m, arom C H bend); <400 (arom C-Cl)

Methanol-water (40:60) + 0.1% TFA 

Rt = 10.6 min, 98.2 %

C16H19CIF3N3O2; 1.4 (C F3C0 2 H ) 

calculated C: 42.02 H: 3.83

found C: 42.07 H: 3.63

Molecular weight: 537.45

Base weight: 377.79

N: 7.82 

N: 8.02

1 -(2(S)-methionyl)-5-chloroindoline-2(R/S)-carboxylic acid (2,2,2- 
trifluoroethyl)amide trifluoroacetate (217) (UCL 2166-F)

A solution of l-(N-t-Butoxycarbonyl-2(S)-methionyl)-5-chloroindoline-2(R/S)-carboxylic 

acid (2,2,2-trifluoroethyl)amide (0.19 g, 0.3 mmol) (209) in dichloromethane (4 ml) was 

cooled to 0°C by an ice bath. To this solution trifluoroacetic acid (1.0 ml) was added
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dropwise under a nitrogen atmosphere. The resulting mixture was stirred at 0-5®C for 3 h. 

Evaporation of the solution to dryness under reduced pressure gave the crude product 

which was purified by column chromatography on silica gel employing 

dichloromethane:methanol, 5:1. The final product was dried under high vacuum and 

obtained as a white powder (96 mg, 46 %).

Melting point

^HNMR (400 MHz, dô-DMSO)

MS (FAB)m/z(%) 

IR (v/cm‘̂ )

HPLC

Analysis

139-14rC

8.05 (m, IH, Ht of indoline); 6.89 (s, IH, H , of 

indoline); 6.77 (d, J = 8.2 Hz, H6 of indoline); 5.29 

(2d, J = 5.4 Hz, J= 5.6Hz, IH, Hz of indoline); 4.08 

(m, >5H, CH of Met, CH2CF3, 2 x H3 of indoline and 

water); 2.54 (m, 2H, CH2SCH3); 2.06 (2s, 3H, 

SCH3); 1.89 (m, 2H, CH2CH2S)

410 (30%) [M Hf

3370.7 (m, amide N-H str); 3293.2 (m, amine N-H 

str); 3100.4 (m, sp  ̂C-H str); 1670.5 (s, amide C=0 

str); 1564.7 (s, arom C=C str); 1474.3 (m, sp  ̂ C H 

bend); 1162.6 (s, amide C-N str); 828.5 (m, C-F str);

749.2 (m, arom C H bend); 552.0 (w, C-S str); <400 

(arom C-Cl)

Methanol-water (50:50) + 0.1% triethylamine 

Rt = 29.2 min, 50.0 %

31.5 min, 46.3 %

C16H19CIF3N3O2S; 0.1(CF3C02H) 

calculated C: 46.19 H: 4.57

found C: 46.41 H: 4.62

Molecular weight: 421.28

Base weight: 409.85

N: 9.97

N: 10.04
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1-(2-Glycyl)-5-methoxyindolîne-2(R/S)>carboxylic acid-(butyl)amide 
trifluoroacetate (218) (UCL 2147-F)

MeO,

CONHBu

A solution of l-(N-t-ButoxycarbonyI-2-glycyl)-5-methoxyindoline-2(R/S)-carboxylic acid 

(butyl)amide (210) (0.18 g, 0.4 mmol) in dichloromethane (3 ml) was cooled to 0°C by an 

ice bath. To this solution trifluoroacetic acid (1.0 ml) was added dropwise under a nitrogen 

atmosphere. The resulting mixture was stirred at 0-5°C for 3 h. Evaporation of the solution 

to dryness under reduced pressure afforded the title compound. The residual oil was 

dissolved in pet. spirit.acetone, 7:3 and evaporated in vacuo until foam formation (130 mg, 

72%). "

Melting point

'HNMR (400 MHz, DMSO)

MS(FAB)m/z(%)

IR(v/cm ')

159-162°C

7.96 (d, J = 8.8 Hz. IH, H , of indoline); 6.87 (s, IH, 

H4 of indoline); 6.78 (m, IH, of indoline); 4.99 (d, 

IH, Hj of indoline); 3.98 (m, >9H, CHj of Gly, 

CONHCHj, Ar-OCHj, 2 x H3 of indoline and water); 

1.91 (m, CHj of butyl); 1.30 (m, CHj of butyl); 0.98 

(t,J=7.2H z,CH jofbutyl)

306 (100%) [MH]*; 248 (32%) [M-Glyf; 205 (17%) 

[M-CONHBuf; 148 (70%) [M-Gly- CONHBuf

3307.8 (m, amide N-H str); 3251.0 (m, amine N-H 

str); 2963.6 (m, sp  ̂C H str); 1653.1 (s, amide C=0 

str); 1493.6 (s, arom C=C str); 1422.4 (m, sp  ̂ C-H 

bend); 1202.0 (s, amide C-N str); 1134.5 (s, ether
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HPLC

Analysis

C O  str); 802.7 (m, C-F str); 723.3 (m, arom C-H 

bend)

Methanol-water (45:55) + 0.1% TFA 

R t=  12.7 min, 100%

CisHzsNgOs; 1.2(CF3C02H)

calculated C: 49.98 H: 5.52 N: 9.50

found C: 49.81 H: 5.62 N: 9.49

Molecular weight: 442.2

Base weight: 305.3

1 -(2(S)-Norvalyl)-5-methoxyindoline-2(R/S)-carboxylic acid (butyl)amide 
trifluoroacetate (219) (UCL 2148-F)

MeO,

CONHBu

A solution of l-(N-t-Butoxycarbonyl-2(S)-norvalyl)-5-chloroindoline-2(R/S)-carboxylic 

acid (butyl)amide (211) (0.23 g, 0.5 mmol) in dry dichloromethane (2 ml) was cooled to 

0°C by an ice bath. To this solution trifluoroacetic acid (1.5 ml) was added dropwise under 

a nitrogen atmosphere. The resulting mixture was stirred at 0-5®C for 3 h. Evaporation of 

the solution to dryness under reduced pressure gave the crude product which was purified 

by column chromatography on silica gel employing dichloromethane:methanol, 15:1. The 

final product was dried under high vacuum at room mtemperature (over 2 days) and 

obtained as a brown solid in quantitative yield (0.16 g, 97 %).

M elting point 114-117°C

'HNMR (400 M Hz, dé-DMSO) 8.01 (2d, J =  8 .8  H z, IH , H 7); 6 .8 6  (s, IH , H 4 o f
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MS(FAB)m/z(%)

IR(v/cm ')

HPLC

Analysis

indoline); 6.78 (d,d, J = 10.1 Hz, J = 2.0 Hz, IH, Eg 

of indoline); 5.13 (d, IH, J = 9.6 Hz, H2 of indoline); 

3.95 (m, >2H, CH of Nvl, H3 of indoline and water); 

3.54 (s, 3H Ar-OCHj); 3.09 (m, 3H, H3 of indoline 

and CONHCH2); 1,87 (m, 2H, CH2 of Nvl); 1.73- 

1.32 (m, 6H, CH2 of Nvl, 2 x CH2 of butyl); 0.92 (m, 

6H, CH3 of butyl and CH3 of Nvl)

348 (91%) [MH]+; 248 (38%) [M-Nvlf; 148 (100%) 

[M-Nvl-CONHBu]

3286.2 (m, amide N-H str); 3088.8 (m, amine N-H 

str); 2977.3 (m, sp  ̂C-H str); 1666.6 (s, amide C=0 

str); 1561.5 (s, arom C=C str); 1490.6 (m, sp  ̂ C-H 

bend); 1209.4 (s, amide C-N str); 723.5 (m, arom 

C-H bend)

Methanol-water (45:55) + 0.1% TFA 

Rt = 24.8 min, 99.6 %

C19H29N3O3; 1.1(CF3C02H) 

calculated C: 53.85 H: 6.42

found C: 53.64 H: 6.45

N: 8.89 

N: 8.70

Molecular weight: 472.8 

Base weight: 347.4
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Body Mass Index (BMI)
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Height Body Weight (pounds)
4'10" 86 91 96 100 105 110 115 119 124 129 134 138 143 148 153 158 162 167 172 177 181 186 191
4’11" 89 94 99 104 109 114 119 124 128 133 138 143 148 153 158 163 168 173 178 183 188 193 198
5’G” 92 97 102 107 112 118 123 128 133 138 143 148 153 158 163 168 174 179 184 189 194 199 204
5’1” 95 100 106 111 116 122 127 132 137 143 148 153 158 164 169 174 180 185 190 195 201 206 211
5’2” 98 104 109 115 120 126 131 136 142 147 153 158 164 169 175 180 186 191 196 202 207 213 218
5’3” 102 107 113 118 124 130 135 141 146 152 158 163 169 175 180 186 191 197 203 208 214 220 225
5’4” 105 110 116 122 128 134 140 145 151 157 163 169 174 180 186 192 197 204 209 215 221 227 232
5’5” 108 114 120 126 132 138 144 150 156 162 168 174 180 186 192 198 204 210 216 222 228 234 240
5'6" 112 118 124 130 136 142 148 155 161 173 179 186 192 198 204 210 216 223 229 215 235 241 247
57" 115 121 127 134 140 146 153 159 166 172 178 185 191 198 204 211 217 223 230 236 242 249 255
5'8" 118 125 131 138 144 151 158 164 171 177 184 190 197 203 210 216 223 230 236 243 249 256 262
5'9" 122 128 135 142 149 155 162 169 176 182 189 196 203 209 216 223 230 236 243 250 257 263 270
5’iO” 126 132 139 146 153 160 167 174 181 188 195 202 209 216 222 229 236 243 250 257 264 271 278
5M1" 129 136 143 150 157 165 172 179 186 193 200 208 215 222 229 236 243 250 257 265 272 279 286
6'0" 132 140 147 154 162 169 177 184 191 199 206 213 221 228 235 242 250 258 265 272 279 287 294
6'1" 136 144 151 159 166 174 182 189 197 204 212 219 227 235 242 250 257 265 272 280 288 295 302
6’2” 141 148 155 163 171 179 186 194 202 210 218 225 233 241 249 256 264 272 280 287 295 303 311
6’3” 144 152 160 168 176 184 192 200 208 216 224 232 240 248 256 264 272 279 287 295 303 311 319
6’4" 148 156 164 172 180 189 197 205 213 221 230 238 246 254 263 271 279 287 295 304 312 320 328
6'5” 151 160 168 176 185 193 202 210 218 227 235 244 252 261 269 277 286 294 303 311 319 328 336
6’6” 155 164 172 181 90 198 207 216 224 233 241 250 259 267 276 284 293 302 310 319 328 336 345

Under
weight Heaithy Weight Overweight Obese
(<18.5) (18.5-24.9) (25-29.9) (>30)

Table 7.1 Find your height along the left-hand column and look across the row until you find the number that is closest to your weight. The 
number at the top of the column identifies your BMI.


