Photochemical Synthesis of Dihydroquinolinones and their

Investigation Toward Macrocycle Synthesis via Ring Expansion.

By

CHIPO MAGURA
(MGRCHI001)

SUBMITTED TO THE UNIVERSITY OF CAPE TOWN
In fulfilment of the requirements for the degree

MSc Chemistry

FACULTY OF SCIENCE
UNIVERSITY OF CAPE TOWN

e“".\w of COpe i
(-)

/ ’OF
Ylisoprun

40“ KOGPS'OO'

RN\
PN

DATE OF SUBMISSION: 24-02-2023
SUPERVISOR: DR. WADE F. PETERSEN
CO-SUPERVISOR: DR. MARWAAN RYLANDS

DEPARTMENT: CHEMISTRY
UNIVERSITY OF CAPE TOWN



The copyright of this thesis vests in the author. No
guotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



DECLARATION

I, Chipo Magura, hereby declare that the work on which this dissertation/thesis is based is my
original work (except where acknowledgements indicate otherwise) and that neither the whole
work nor any part of it has been, is being, or is to be submitted for another degree in this or any

other university.

| empower the university to reproduce for the purpose of research either the whole or any portion

of the contents in any manner whatsoever.

Signature: ....... Signed by candidate

Date: ...24-02-2023. .. ..,



DEDICATION

In loving memory of my beautiful mother. I am ever grateful for her undying love which continues

to inspire me to be the best person I can be.



ACKNOWLEDGEMENTS

My sincere gratitude and appreciation go to my supervisor Dr Wade F. Petersen for his guidance and

support that have helped me grow as a scientist.
Many thanks to my co-supervisor Dr Marwaan Rylands for teaching, guiding and encouraging me.

My sincere appreciation goes to the Peterson Research Group and the Hunter Research Group for

being pleasant colleagues and great exchange of ideas in the group meetings.

Thank you to the Royal Society (FLR\R1\190531;FCG\R1\201007) and the University of Cape Town

for financial assistance.

To my dad, thank you for your loving support, thank you for always cheering me on. Your faith in

me inspires me to keep going.
To my siblings, thank you for your encouragement and providing laughter when | needed it.

To my dear friends Ruvimbo and Alice, thank you for being the people I could lean on and thank you
for the fun times.

To my Cape Town church family, I count myself blessed to have come to known each of you. Thank
you for lending an ear, for support, love and care. Thank you for the adventures.

To my beloved husband, thank you for being my best friend, you have been and continue to be there
for me when | need you. Thank you for supporting me, encouraging me and holding my hand through

this journey. | truly appreciate your love and I love you!

Most importantly, | thank God for being a constant source of comfort and strength. You have seen

me through it all and kept your promise to never leave me nor forsake me.



ABSTRACT

Graphical: An efficient triplet energy transfer process catalysed by an iridium photocatalyst for
the synthesis N-unsubstituted 3,4-dihydroquinolin-2(1H)-ones, featuring a formal
C(sp?)-H/C(sp?®)-H hydroarylation is reported. The 3,4-dihydroquinolin-2(1H)-one products
were subsequently investigated as novel substrates in a Successive Ring Expansion (SURE)
macrocyclization protocol to effect the synthesis of the next generation of therapeutic
macrocycles that could be used in fighting the African disease burden of illnesses such as

tuberculosis and malaria.
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There are several macrocyclic drugs that are currently on the market. As representative examples,
erythromycin and azithromycin are currently approved antibiotics. Macrocycles are also used to
treat other infectious diseases, for example, natamycin and amphotericin B are used as antifungal
agents and ivermectin is used as an antiparasitic agent.* The synthesis of macrocyclic compounds is
typically done using an end-to-end macrocyclization approach. However, challenges arise due to
competing intermolecular reactions leading to the use of high dilution conditions. It is therefore
important that synthetic chemists develop general and modular methods for their synthesis in order
to produce the next generation of therapeutic macrocyclic drugs. One such method is the Successive
Ring Expansion (SURE) protocol developed by Unsworth and co-workers at the University of
York, offering an innovative and straightforward way to access such compounds. With this
methodology, a cyclic starting material such as a lactam, is coupled to a N-protected 3-amino acid
fragment which is then deprotected to yield the ring-expanded cyclic product following

rearrangement.

Given our group’s interest in the development of dihydroquinolinones (DHQs) and realizing that
their suitability for SURE had not yet been investigated, we recognised an opportunity to collaborate
with the Unsworth group, as it would enable the synthesis of more diversely functionalised
macrocyclic molecules. Visible-light mediated triplet energy transfer has enabled the synthesis of
N-substituted DHQs by our group and others through a formal C(sp?)-H/C(sp®)-H hydroarylation.2
However, none of these methods have reported such syntheses producing the N-unsubstituted DHQ
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— which is required for the SURE. Thus we first set out to optimise this photochemical cyclisation
to enable the direct formation of N-unsubstituted DHQs. Gratifyingly, this reaction was successfully
developed, requiring the use of an iridium photocatalyst, and was able to provide a diverse range of
unprotected DHQs that could be investigated in the SURE

In application towards the synthesis of macrocycles using the SURE methodology, a model DHQ was
first investigated. Unfortunately, in the event, the N-unsubstituted DHQ was obtained instead of the
ring-expanded product.After facing this challenge, Conjugate Addition or Ring Expansion (CARE)
method, also developed by the Unsworth and co-workers was considered®, however the acylation to
generate the key starting material was unsuccessful. To overcome the acylation, and in a third strategy
(returning to a SURE approach), we thought to replace the amide linker with an alkyl chain instead
and effect a SURE macrocyclization following a Staudinger deprotection in the presence of
triphenylphosphine. The intermediate was successfully synthesised, and while a trial reaction
revealed promising results, this is still under investigation. Analysis of the product mixture by NMR
suggested the desired product formation, however residual triphenylphosphine oxide (TPPO)
complicated this analysis. Time constraints prevented further investigation, however methods to

remove or avoid the formation of TPPO will be a topic of future work.

Since our direct DHQ synthesis requires an expensive iridium photocatalyst, we considered a
demethylation strategy for the synthesis of N-unsubstituted DHQs from N-methyl DHQs — as these
can be accessed using inexpensive thioxanthone photosensitisers.® A related demethylation of amides
was reported by Yi et al using a Cu catalyst and NFSI as an oxidant” and in our attempt to use this
procedure to produce the unprotected DHQ, we obtained the unsaturated quinolinone, instead.
Quinolinones are important biological molecules and are used as antiviral, anticancer, antiulcer, and
antihistaminic agents in medicinal chemistry, and thus we were very pleased with this result. These
relatively mild oxidation conditions also offer opportunities for late-stage functionalization.®
Ultimately, through the use of photocatalysis, we could develop this oxidation chemistry to avoid the
need for a metal — favouring a thioxanthone photosensitiser over a copper catalyst, and the reaction
could be conducted at ambient temperature, rather than at 80 °C as per Yi et al’s conditions. This
methodology is of great importance because existing methods for this transformation make use of

expensive transition metals such as Pd®° and Pt** or require even higher temperatures.
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CHAPTER 1: INTRODUCTION

1.0 Introduction to Macrocycles and their Importance

Macrocyclic compounds are generally described as cyclic molecules with > 12-memberedrings.t®
®There are many naturally occurring and synthetic examples of macrocycles (Figure 1). Naturally
occurring macrocycles can be found from terrestrial and marine sources with some having more than
50 atoms in their cyclic framework — ring sizes greater than 35 rarely occur in nature, but the most

common scaffolds have 14, 16 and 18 atoms in their rings.

This preference to form even-numbered macrocycles in nature, mentioned in the previous paragraph,
was studied, but yielded inconclusive results because of the complexity and high number of
biosynthetic pathways. Favoured mechanisms of macrocyclizations have been identified in non-
ribosomal and polyketide synthases and it is possible that the preference for even-numbered
macrocycles is a result of the specificity of these biosynthetic pathways. However, the same
preference for an even number of atoms has been observed in laboratory synthesis of macrolactones
and macrocyclic alpha-nitrile imines. This preference was in line with the formation of less strained
rings, favourable cyclization reactions and minimal transannular reactions.” The ring strain is more

significant in smaller ring sizes (11-13 membered rings).!4

Macrocycles can be classified as either natural or synthetic with each having subclasses of peptidic
and non-peptidic macrocycles.'® Examples of natural product macrocycles are erythromycin and
rapamycin which are used as antibiotics (Figure 1A). Erythromycin is a macrolide used in the
treatment of bacterial infections and was originally isolated from Streptomyces erythraeus.'®
Rapamycin is produced by the bacterium Streptomyces hygroscopicus and is used as an
immunosuppressant. Examples of synthetic macrocycles are crown ethers, cyclosporine and ocreotide
(Figure 1B).}* Crown ethers were the first subclass of synthetic macrocycles and found use in the
recognition of metal ions. Ocreotide is an octapeptide which imitates somatostatin, a hormone that is
responsible for inhibiting growth hormones, thus making ocreotide suitable for the treatment of
tumors that produce growth hormones. Cyclosporine is a natural product from the fungus

Tolypocladium inflatum GAMS and it is used as an immunosuppressant.*3
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A)

Streptomyces erythraeus
blue-dyed bacteria

Colonies of Streptomyces
hygroscopicus

Tolypocladium inflatum Cyclosporine A

Figure 1: A) Examples of natural macrocycles.
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B) OH

Dibenzo-18-crown-6 Ocreotide

Figure 2: B) Examples of synthetic macrocycles.

Macrocycles have wide applications in various fields such as medicinal chemistry, catalysis, materials
science, chiral sensing, supramolecular chemistry, self-assembly, nanotechnology, natural product
synthesis and more.*® Of particular interest is their application in medicinal chemistry.?’ There are
over 100 marketed macrocyclic drugs with proven success.*® According to a study conducted on 74
macrocyclic drugs currently on the market, more than 50% are used to fight infectious diseases,
mostly those caused by bacteria.?! As examples, natamycin and amphotericin B are used as antifungal

agents and ivermectin is used as an antiparasitic agent (Figure 2).%°

Cyclic peptides have also been shown to have high therapeutic potentials because of their resistance
to both exo and endo proteases which are responsible for the breaking down of protein via hydrolysis
of the peptide bonds to form polypeptides and amino acids.?? Proteases are vital to the reproductive
cycle of some viruses such as HIV, thus inhibition of proteases by macrocyclic peptides such as
simeprevir (Figure 3) demonstrates the possibility of using them as antiviral agents. Macrocycles
also find use as chemotherapeutic agents, for example, dactinomycin and epothilone B (Figure 3).%°
About 13.5% of 74 macrocyclic drugs considered are used in the treatment of cancer. The remaining
32.4% have varying uses including treatment of cardiovascular diseases, and various applications in

gynaecology and immunology.?
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Amphotericin B

Q ),
E WOH "
@)

A Ivermectin A&B B

Figure 3: Examples of approved antifungal and antiparasitic macrocyclic drugs.

o) Epothilone B

Dactinomycin

Figure 4: Examples of approved antiviral and anti-cancer macrocyclic drugs.
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Studies are still ongoing to discover more macrocyclic drug leads. A macrocyclic spectrum selective
kinase inhibitor for chemotherapy has been discovered.?® A macrocyclic compound for the treatment
of rheumatoid arthritis has also been identified.?* A natural macrocycle, Nannocystin A (Figure 4)
which acts against myxobacteria and prohibits proliferation was discovered and characterized. This
21-membered macrocyclic scaffold has nine stereo centres and studies showed that the high activity

was dependent on the epoxide moiety.?®

Cl
HO
Cl /

O -IIN

N 0
NH
HO>"" /
0] 0]
(0]

Figure 5: Nannocystin A.

16



1.1 African Disease Burden

Africa is the second largest continent with a population of approximately 1.4 billion people — about
45 people per km?. Many parts of Africa are affected by extreme hunger and poverty. Eradicating
hunger and poverty is one of the UN’s millennium development goals for Africa.?® Hunger and
poverty create a fertile environment for the transmission of deadly airborne diseases such as
tuberculosis (TB). Africa bears a significant portion of the world’s disease burden alongside poor

countries in Asia and Latin America.?’

Tuberculosis, a disease caused by Mycobacterium tuberculosis, is included in the top 10 causes of
death world-wide. Tuberculosis is the greatest cause of death by only one infectious agent, even more
than HIV/AIDS. It is estimated that 10 million people (globally) were ill due to TB infection in 2019.
Of these, an estimated 1.2 million died from those who were HIV negative. An additional 208 000
died from those who were HIV positive. The WHO African region contributed 25% of the global
total of TB deaths. South Africa contributed 3.6% to the estimated global cases in 2019 placing it in
the top eight countries. It is hard to control this disease because it is airborne and mostly affects the
poor communities and many people also have latent TB. Genetic mutations and poor compliance to
treatment regimens give rise to drug resistance. Poor compliance is in part due to the lengthy periods
of treatment as well as usage of a combination of drugs. Current TB medications last for six months
for drug-susceptible TB to 20 months or even more for Multi-Drug Resistant (MDR) TB.? There has
been a substantial increase in cases of Extensively-Drug Resistant (EDR) TB in South Africa since
2000.2° Globally, 206 030 people were detected to have Multi-Drug Resistant MDR-TB in 2019
which was a 10% increase from the previous year. The global success rate for the treatment of MDR-
TB is around 57%. Further challenges to treatment include the limited number of paediatric
formulations and that TB medication in HIV positive people is often complexed by drug-to-drug

interactions.?®

On the other hand, the number of malaria cases has decreased over the years. Although fewer regions
still struggle with this disease, malaria eradication remains a top priority. Malaria is caused by
parasites, the most common and widespread in sub-Saharan Africa being the Plasmodium
falciparum.®®%! The estimated global total of malaria cases in 2019 was 229 million. The WHO
African region contributed 94% of the cases. 409 000 deaths were recorded globally, with Africa
having the highest contribution (about 92%). Drug resistance has been on the increase since the 1980s
when chloroquine resistance was detected. Artemisinins, which are usually used in the treatment of
malaria are still being used effectively in most parts of Africa. However drug resistance has been
detected in Southeast Asia and potential resistance has been identified in Angola.®*2 Artemisinin

drug resistance has been linked to PfKelch13 mutations.?
17



In a nutshell, there has been a lot of investment over several decades to eradicate TB and malaria, but
these still contribute significantly to the African continent’s disease burden. A major contributing
factor has been the development of drug resistance. Drug resistance develops when microbes such as
bacteria, parasites, viruses, and fungi stop responding to treatments. There are various mechanisms
by which this happens as pictured in Figure 5. A change in the drug target which can be brought
about by genetic mutation, drug uptake inhibition as a result of a change in the cell wall protein,
breaking down of the drug by enzymes resulting in inactivation or the cell activates efflux pumps
thereby preventing an accumulation of the drug within the cell. It is therefore vital and urgent that

new drug scaffolds are developed to combat drug resistance.

Efflux pump Drug efflux pumps
Chromosome - / enabled

A
\
\

Alteration ofF—F= ) N -~ Antibiotic
the drug target . \ \_/

- Drug inactivating enzyme

s Drug Inactivation by
/ enzymes

Altered er]g
target

Altered cell wall
protein - % Q

| A
I L
A D
/ Plasmid ! :  ‘Cell wall
. Cytoplasm
Drug uptake Bacteriacell

inhibition

Figure 6: Mechanisms of antimicrobial drug resistance.®
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1.2 Macrocycles in Drug Discovery: Advantages and Disadvantages
Although macrocycles are some of the most successful drugs, they make up a very small fraction of
the drugs available on the market. A study of one retailer in the United States showed that macrocycles

made up only 3% of the marketed drugs in 2016.%
Disadvantages

Of those macrocycles which are being marketed, most are natural product derivations. The
pharmaceutical industry has been reluctant to pursue macrocycles as drug leads for several reasons.
The chief among these reasons being the challenges associated with their synthesis. Another common
deterrent of macrocycles by drug discovery programs is that they typically do not adhere to Lipinski’s
rule of five!* — a metric that aims to predict favourable and druggable qualities of potential
compounds at an early stage. Peptide-based macrocycles have large and polar surface areas thus
permeating cells and achieving good bioavailability is a challenging process.!* While these
difficulties have limited the exploration of macrocycles in drug discovery, there are several good
properties associated with macrocycles that have enabled them to remain relevant in the field of

medicinal chemistry.
Advantages

Macrocycles offer a good compromise between structural preorganization and flexibility. Their large
size makes it possible to insert diverse binding elements at different positions thereby increasing their
binding affinity to targets. This high affinity is due to a greater surface area relative to small
molecules. The planar interface that the ring offers also allows for disruption of protein-protein
interactions as they can easily intercalate with DNA. As a result of these structural features of
macrocycles and their conformational flexibility, they offer an array of functional advantages such as
high potency and selectivity.’® Macrocycles offer diverse functionality and stereochemical
complexity, although this complexity can sometimes present with unwanted toxicity.*3 In comparison
to acyclic molecules of the same molecular weight, macrocycles possess a lower number of rotatable
bonds which improves their bioavailability.® Other favourable properties of macrocycles, that make
them more drug-like, include appreciable solubility, better lipophilicity, augmented membrane
penetration, increased metabolic stability and desirable pharmacokinetic and pharmacodynamic
properties.® The success of macrocycles already in use as drug molecules shows that they are well

worth the effort of medicinal chemists despite the synthetic challenge that they pose.
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In this context and given the aforementioned benefits and promise of macrocyclic compounds, we
were interested to investigate whether we could devise new macrocyclic compounds relevant to the

fight against the African disease burden.

1.3 Synthesis of Macrocycles

Macrocycles are generally considered challenging to make, contributing to their under-exploration.
The most common approach to macrocycle synthesis is end-to-end cyclisation of linear precursors.
Formation of large rings in this way requires that the two reacting ends of the linear precursor be in
proximity — a process that has been a challenge for synthetic chemists because the number of
possible conformations is large, and the entropy of activation disfavours the reaction. Entropic loss
because of the ring closure can be compensated by high dilution methods or enthalpy gain if the
product has more stable conformations. However, the key challenge of starting with linear precursors
is the competing intermolecular reactions (Figure 6) which has resulted in the use of high dilution
conditions in an effort to prevent intermolecular reactions. ****We will briefly look at some of the

methods that are used to synthesize macrocycles.

Intramolecular (end—to—enci)

QTN macrocylization

Intermolecular competing reaction
(Dimerization)

0 2 S e e s I Y e e

Figure 7: End-to-end macrocyclization and competing dimerization.*®

Ring Closing Metathesis (RCM) makes use of an organometallic catalyst (usually a ruthenium
carbene) to stimulate ring-closing metathesis in alkenes (Figure 7). A similar reaction can be applied
to alkynes and is referred to as ring-closing alkyne metathesis. This reaction is generally versatile and
flexible. It can be applied on various compounds as it has a high tolerance for other functionalities. It
makes use of gentle reaction conditions as the catalysts are readily available and is adaptable to
different ring sizes. The products are unsaturated and can thus be further exploited to add other
functionalities. However, the products are produced in varying yields and usually as a combination
of olefin stereoisomers. Furthermore, it can be challenging to set appropriate reaction conditions for
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good yields while minimizing by-products and to remove the catalyst to acceptable pharmaceutical

limits.16:34

R
SEl S
Mo, . — M

Figure 8: Ring Closing Metathesis.

Chemists are working on some of the challenges associated with RCM. A stereoselective RCM to
yield E-macrocyclic alkenes using molybdenum monoaryloxide pyrrolide complex as the catalyst has
been reported. It has been demonstrated that dienes which contain the E-alkenyl-B (pinacolato) group
had the right steric and electronic properties for conversion to E-macrocyclic alkenes. The reactions
gave yields with a maximum of 73% and E/Z ratios greater than 98/2. The practicality of this method
was demonstrated by synthesis of an antibiotic called recifeiolide containing a 12-membered ring and

an enzyme inhibitor known as pacritinib which possesses a 18-membered ring (Figure 8).%

The nature of the catalyst seems to have an effect on the E/Z ratios and thermodynamic stability in
the synthesis of macrocycles using ruthenium catalysts.®® The synthesis of steroidal 13 and 16
membered rings with Grubbs second generation catalyst has been achieved with preparatory reactions
from readily available steroids affording the precursor dienes for the intramolecular metathesis. Heat
was used on the catalyst to activate the reaction and the reaction yielded exclusively trans isomers at
about 27% yield on average (Figure 9).2” RCM has also been used in combination with other methods
to afford macrocycles such as macrocyclic peptidomimetics using RCM and solid-phase synthesis®
as well as thiazole-containing macrocycles synthesized with solid phase chemistry using Ru-
catalysed RCM. %
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To avoid high dilution conditions, scientists have explored pseudo-high dilution conditions such as
solid phase synthesis where a solid support is used. In this approach, molecules are tethered covalently
to a solid support and and the compound is made step by step. This can be done in a single vessel
making use of selective protecting group chemistry. Besides the avoidance of high dilution, this
method offers advantages such as high product purity and ease of product isolation. A similar method
is DNA-templated synthesis in which the specificity of DNA is used to bring selected reactants into
proximity (Figure 10). This method also avoids high dilution conditions.™

High concentration
\j

s |

Y

isfavored by high dilution

A
DNA specifity controls
product formation DNA
Figure 11: DNA-templated synthesis.'%! tag

Metal-templated chelation is also used to make macrocycles. Metal-templated chelation refers to the
generation of two or more coordinate bonds connecting a polydentate ligand and a single central atom
to an ion or molecule. The metal ion significantly increases the yield and directs the steric course.
The metal ion can either favour the cyclization reaction or stabilize the formed macrocyle.*® As an
example, the formation of macrocyclic hydroxamic acids using Fe (111) as the coordinating metal has
been reported (Figure 11).4

Another common method for the generation of macrocycles is direct lactonization of acids and
alcohols (Figure 12) which usually involves three steps. The acid group is activated, the alcohol is
converted into the preferred leaving group and then both reacting groups are activated at the same
time.® This method is well-established, and the chemistry and methodologies are well-known. The
reagents are readily available, and the linear precursors can be synthesized easily. The execution is
straight forward, and the method can be applied to different ring sizes. However, not all target
products are accessible and the reaction takes place under high dilution conditions.*® As an example,

the total synthesis of epothilone A using macrolactonization has been reported.*?

23



H,N

ot
//>\/ NH,
M Mo oo ﬁ
/\)k >//\/N Q0

Y
O/Fe\o
([L )
H
N
/ \O ‘
N0 =
L =dost
& EH)N ° e
oR
o)
TEA

Figure 12: Metal-templated chelation synthesis of macrocyclic hydroxamic acids.
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Figure 13: Macrolactonization for the formation of macrocycles.

There are several other reactions that are used to make macrocycles. These include multi-component
reactions, although this approach has not been widely used. They involve a one pot process where a
minimum of three reactants form a product which consists of substantial elements of the reactants
involved.*® An example of this is the one-pot four-component synthesis of macrocycles reported by

Janvier and Bois-Choussy (Figure 13).%

Azide-alkyne reactions, where a cycloaddition is performed between alkynes and azides, have also
been utilized in the making of macrocycles (Figure 14). Advantages of theses reactions include high
yield under room temperature conditions, use of water as a solvent, the regioselectivity and high
tolerance of various functional groups, as well as biocompatibility. However, it has a drawback due
to the production of dimers and oligomers which are sometimes preferred over the monomeric
products. Since these reactions always result in the formation of a triazole, the target compound can
only be one in which a triazole is acceptable.
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1.7 Aims and Objectives: Partnership with the University of York

Ring-closing contraction sequences also find utility in the formation of macrocycles. In this approach,
new rings are formed by rearrangement which leads to the loss of one or more carbon atoms from the
original molecule.*® Coupling reactions making use of transition metal catalysis have also been

widely used in the synthesis of macrocycles with the generation of new C-C, C-N and C-O bonds.*®

Unsworth and co-workers (University of York) reported using Successive Ring Expansion (SURE),
an innovative synthetic strategy for the production of macrocycles starting from cyclic precursors
(Figure 15). This method involves the addition of linear fragments to a cyclic molecule which
encourages an intramolecular cyclization reaction which results in an expanded ring. The method
avoids the use of a linear precursor thereby circumventing the problems of intermolecular reactions
which have been traditionally prevented by using high dilution.’® This is not a totally new concept

and has been utilized in various other works.

PG O
' PG Deprotection
LG/\/\YH 1Y)
(n))kNH - (n))J\N/\/\¢H

K) Step 1 \) Step 2

- (n) \N/\/\YHZ

[\(n) | v Ring expansion {)OJ\/—\

h Step 3
Steps 1-3 ”
repeatable
'infinitely’

Figure 16: SURE macrocyclization.

Thus far, cyclic B-keto esters and lactams have been utilized as starting materials to which various
linear fragments were inserted to initiate an intramolecular cyclization reaction yielding a ring
expanded product. The reacting motif is regenerated at each step and thus — in theory — the ring
expansion can be repeated without end. A different linear fragment can be inserted at each step thus
diverse structures can be made. The reactions using S-keto esters as starting materials work well with
B-amino acid derivatives but more steps need to be taken for the removal of the labile -keto ester
motif to make them suitable for medicinal applications. However, when using lactams as the

precursor, there is improved yield and substrate scope and the products are stable amides.*® During
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our study, Unsworth and co-workers were also able to improve the methodology for synthesizing
macrocyclic peptides by using Conjugate Addition/Ring Expansion (CARE) (Figure 16). This
method is much more versatile and allows for synthesis of more diversely functionalised macrocycles.

a) MeMgBr, THF /:“H
. 2
(n)\T,L//Ho Ar, 0°C, 40 min \) J\r/ I\A/Ie(ﬁ KU\
v b) :’?\Icn (n) f

Steps 1 and 2 repeatable 'infinitely’

Figure 17: CARE macrocyclization.

Unsworth and co-workers created a virtual library based on the hydrolysis/decarboxylation of the ring
expanded products that had S-keto ester moieties. They enumerated this library based on synthetic
reactions based on the successful reactions done on a model 11-membered medium sized ring. Out
of the 402 compounds that they generated, 200 of these had a lead-likeness score of zero.*” This is

the best possible score, with lead-likeness decreasing as this score increases.

Empowered by the results mentioned above, we envisioned that adding more functional groups
around the macrocyclic peptides would increase their potential as medicinal drugs. After looking at
some of the macrocyclic drugs that are currently being used in the treatment of TB, we realized that
several contained a phenyl ring connected to an amide bond. Some of these macrocyclic drugs are

shown in Figure 17.

Rinfampin Rifapentine

Figure 18: Examples of macrocyclic drugs used in the treatment of TB showing an amide
bonded to a phenyl ring (marked by the pink circle).
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Our group had been working on the synthesis of N-methyl dihydroquinolinones (DHQs), and because
of this interest, we recognized a collaborative opportunity with the Unsworth group. We envisioned
that we could make N-unsubstituted DHQs and use these as starting materials for the SURE synthesis

which would enable us to access more diversely functionalised macrocyclic molecules (Figure 18).
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Figure 19: Synthetic strategy for this project.

The aim of this research is to develop a photochemical method for the synthesis of N-unsubstituted
DHQs for investigating their application in the synthesis of diverse macrocyclic compounds via the

SURE method.
Objectives;

1. Explore methodologies for accessing N-unsubstituted DHQs using a photochemical pathway.
2. Synthesise and characterise a series of N-unsubstituted DHQs.

3. Evaluate N-unsubstituted DHQs as substrates in the SURE reaction.

4

. Assess the biological activity of ring expanded products from the SURE reaction.

We have explained why DHQs are important for this project. The next chapter will explain why
they are important in medicinal chemistry and approaches for their photochemical synthesis.
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CHAPTER 2: DHQs

2.0 Importance of DHQs

Although the interest in DHQs for the purposes of this thesis has been the possibility of using them
as starting material for accessing more functionalized and bioactive macrocycles, these compounds
are useful in and of themselves. Certain DHQs have proven to be bioactive and can be found in
nature.*® Dihydroquinolin-2-ones are commonly found as part of polycyclic alkaloids such as
excavatine B (Figure 19) which is extracted from the stems and leaves of Clausena excavate, while
4-aryIDHQs are also usually isolated from fungus such as Penicillium. Furthermore, DHQs are used
as antioxidants, cancer chemoprotective, antidepressants, antiradical agents and atypical
antipsychotic medicines.*® As a result, methodology for synthesizing DHQs is very important. One

of the approaches involves photocatalysis which will be introduced next.

OH

>

Leaves of Clausena excavata  Excavatine B

Figure 20: Excavatine B and its source.®

2.1 Brief Introduction to Photocatalysis

Excited triplet states give access to reactivity modes that are not accessible in the ground states
thereby making possible difficult synthetic transformations.>®! Accessing the excited triplet state
was traditionally enabled through direct photoexcitation with harsh UV light as this is the region
where most organic molecules will absorb. However, this has the disadvantage of lowering the
selectivity, functional group tolerance and method application. As a result, visible-light-mediated
photocatalysis was developed to access the triplet state under milder conditions.>>°® The simplified
Jablonski diagram in Figure 20 illustrates photoexcitation of a catalyst from its ground state, So, to
an excited state, Sy, and intersystem crossing (ISC) to the triplet state, T.
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Figure 21: The Jablonski diagram.®

The field of visible-light-mediated photocatalysis has two distinct areas of study, namely, electron
and energy transfer processes (Figure 21). Electron transfer catalysis, otherwise known as
photoredox catalysis, makes use of the redox state of the excited molecule to prompt a single electron
transfer event (SET). On the other hand, energy transfer (EnT) catalysis involves the deactivation of
a donor molecule from its excited state to a lower energy state by energy transfer to an acceptor
molecule, taking it to a higher energy state. Excited photocatalysts are referred to as either photoredox
catalysts in the event of SET or photosensitisers in the event of EnT. However, it should be taken into
account that many photoredox catalysts can act as powerful photosensitizers (and vice-versa) thus
making the determination of their mode of action challenging.>* As an example, ruthenium- and
iridium-based photocatalysts have been predominantly used for SET applications, but are also
suitable for EnT catalysis because of their ability to generate long-lived excited states as a result of

their very high absorption of light and stability against degradation.>®

There are three types of EnT processes. Namely, primitive EnT (emission-absorption mechanism),
Forster resonance EnT (non-radiative donor-acceptor mechanism) and Dexter EnT (double electron
transfer mechanism) (Figure 22).% The latter is predominant and most relevant within the framework
of organic synthesis and will now be discussed further. The donor is photoexcited its singlet state
where it then goes through intersystem crossing to its excited triplet state. This triplet state should
ideally possess a long lifetime (us to ms timescale), so that it has the opportunity to interact with the
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acceptor molecule in a two-electron exchange mechanism where the donor molecule passess an
electron to the LUMO of the acceptor molecule and receives a HOMO electron from the acceptor at
the simultaniously. This results in an exchange of the excited state energy and spin multiplicity such
that the excited triplet state of the acceptor is genrated while the ground state of the donor is

regenerated.>’

D
Energy tra.n‘sfer — ﬁv —— Photocatalysis ‘€,
photosensitization \
D*

D/D’
L )
D

Figure 22: Electron (right) and energy transfer (left) processes of importance in

Electron transfer
photoredox catalysis

photocatalysis.>*

o

LUMO

o © 00

A
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Forster Energy Transfer

HOMO

Dexter Energy Transfer

Figure 23: Types of EnT processes.>®
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2.2 Approaches to the Photochemical Synthesis of Dihydroquinolinones (DHQSs)

R Ri

o | kS catalyst, solvent N 0
=

_ > R--
hv R,
Rs3

Ry7 ™
R, Ry

Figure 24: Previous work involving photochemical synthesis of N-substituted DHQs.2>

The synthesis of the DHQ framework via a photochemical reaction was the initial object of this
project. Visible-light mediated triplet energy transfer has enabled our group and others to perform a
formal C(sp?)-H/C(sp®)-H hydroarylation to produce N-substituted DHQs (Figure 23).2> However,
none of these methods have reported such syntheses producing the N-unsubstituted DHQ — which
is required for the SURE, thus we first set out to optimise this photochemical cyclisation to enable the

direct formation of N-unsubstituted DHQs.

Our group’s photochemical cyclisation utilised thioxanthones as photosensitizers, namely 2-CTX, 2-
ITX and 2-'PrTx. At the time of reporting, the methodology had been optimized to work in a mixture
of TFE and CHCIs at 450 nm.2 It was later discovered that the reaction works well at 405 nm with
greener solvents such as EtOH and ACN. As mentioned, these aforementioned methods however
required N-protection (i.e. R = Me), and considering our planned synthesis of macrocycles, we

envisioned expanding the scope to the group’s previous work to substrates in which R = H.

2.3 Results and Discussion

2.3.1 Synthesis of Acrylanilides

Our studies commenced with the synthesis of model N-unsubstituted acrylanilide 2B. To make this,
standard amide coupling methodology was used as shown in the Figure 24. 2-Chloro-1-
methylpyridinium iodide (2CMPI) was used as the coupling reagent. The yields were generally low
(27% isolated) and were further lowered by formation of a p-lactam side product (2A) that was
extremely challenging to separate from the desired acrylanilide due to the close Rf values. This

necessitated the use of longer columns for the silica-gel column chromatography.
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Figure 25: Synthesis of model acrylanilide. 2B 2A

The structure of the model compound, N,2-diphenylacrylamide (2B), was confirmed by H-NMR
spectroscopy as shown in Figure 25. The diagnostic peak for the formation of 2B is the signal from
H-7 a singlet at 10.32 ppm at RT in DMSO. This confirms the presence of a secondary amide. The
other pertinent signals are alkenyl signals from H-10, singlets at 5.74 and 5.97 ppm. The aromatic

signals are in the region 7.09-7.97 ppm. These results were in accordance with literature reports.>®
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Figure 26: 'H-NMR spectrum of Acrylanilide 2B.

In an effort to improve the yields of the acrylamide 2B, we tried an acylation route (Figure 26).
However, the yields obtained were lower than those obtained initially using the coupling agent, so

we proceeded to use the initial method to synthesise other acrylanilides shown in Figure 27.
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Figure 27: Method 2 for the synthesis of 2B.
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Figure 28: Substrate scope for acrylanilides.

The identity of the side product 2A was also determined using NMR spectroscopy. The *H-NMR
spectrum is shown in Figure 28. The spectrum featured the correct 10 aromatic signals in the region
7.01-7.49 ppm. A triplet and a doublet of doublets, consistent with the diastereotopic protons H-10,
were observed at 4.11 ppm and 3.76 ppm, respectively and a doublet of doublets at 4.11 ppm for H-9.
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Figure 29: 'H-NMR spectrum of side product 2A.

The 3C-NMR of the suspected B-lactam (Figure 29) had the diagnostic peaks (two alkyl signals for
C-9 and C-10) at 46.6 and 53.5 ppm, respectively. In addition, the carbonyl signal for C-8 at
165.3 ppm confirmed that an amide bond had been formed.
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Figure 30: 13C-NMR spectrum of side product 2A.
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The *H-NMR and *C-NMR agreed with literature reports.>® Furthermore, an HSQC-DEPT analysis
of the side product enabled the assignment of the alkyl protons by revealing the CH> protons coded
red in Figure 30.
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Figure 31: HSQC-DEPT spectrum of 2A.
While this side reaction was unexpected, we were pleased to discover that an old publication (1984)
detailed the synthesis of B-lactams from B-amino acids under similar conditions.®® No mechanism
was provided in this report, but we proposed that a competing reaction was taking place once the acid
had been activated with the 2-chloro-1-methylpyridinium iodide (2CMPI), producing intermediate
A2-3. Thereafter, Michael addition affords -amino acid (A2-4) which then undergoes a 4-exo-trig

cyclization which is favoured according to Baldwin’s rules (Figure 31).

/\/\)/—{@ V&@

A2-3 A2-4 ‘

\(NQ/
Figure 32: Proposed mechanism for the synthesis of 2A.
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This result was quite interesting given the lower nucleophilicity of the aniline. Certainly, in the work
by Huang et al, no aniline substituted p-lactams were formed. The full library p-lactam side-products
isolated during our synthesis is shown in Figure 32. Although this was an interesting side-reaction,
and despite the importance of B-lactams in medicinal chemistry, it was not the primary focus of our

efforts and thus no further optimisation were carried out, but will be a topic of future work in our

group.
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Figure 33: Isolated B-lactam side-products.

With acrylamide 2B in hand, we proceeded to optimise the photochemical cyclisation to synthesise

the target product 2N as shown in Figure 33.

2.3.2 Catalyst Screening and Optimization for the Formation of DHQs

©\ iph 'conditions' ©\/Iph
N (@] h N (@]
H

v,fan cooling N
24h
2B 2N
Figure 34: Synthesis of model substrate 2N.
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Table 1: Optimisation Studies

Entry Photocatalyst Catalyst | Solvent Nm Yield (%)
mol% light

1 2-Chlorothioxanthone 20 TFE: CHCls | 450 Not
(4:1) detected

2 2-Chlorothioxanthone 20 EtOH 405 trace

3 4CzIPN 20 TFE: CHCls | 450 trace
(4:1)

4 Ir(p-F-ppy)s 2 TFE: CHCl3 | 450 Not
(4:1) detected

5 Ir[dF(CF3)ppy]2(dtppy)PFs | 2 TFE: CHCI;s | 450 93
(4:1)

6 Ir[dF(CF3)ppy]l2(dtppy)PFs | 2 DCM 450 trace

7 Ir[dF(CF3)ppy]2(dtppy)PFs | 2 CHCl3 450 trace

8 Ir[dF(CFs)ppy]2(dtppy)PFs | 2 EtOAC 450 trace

9 Ir[dF(CF3)ppy]l2(dtppy)PFs | 2 ACN 450 trace

10 Ir[dF(CF3)ppy]2(dtppy)PFs | 2 EtOH 450 trace

11 Ir[dF(CF3)ppy]l2(dtppy)PFs | 2 TFE: CHCIs | 380 Not
(4:1) detected

12 Ir[dF(CFs)ppy]2(dtppy)PFs | 2 EtOH 380 Not

detected

Various photocatalysts were attempted (Table 1); however, only Ir[dF(CFs)ppy]2(dtppy)PFs (IrdCFs)
in TFE:CHCI3 was found to be suitable in accordance with our previous work, producing the desired
product in 93% yield (entry 5). Interestingly, despite a strong absorbance of the photocatalysts at
380 nm (Figure 34), no reaction was observed using this light source (entry 12) with the same solvent
system TFE:CHCl3 (4:1). It is understood that the solvent can be the determining factor of the reaction
outcome as it can influence the reaction rates, mechanisms, thermochemistry, and the photochemistry
of excited states of solute molecules. This influence is often exerted through the solvent’s polarity or
viscosity and explicit solute-solvent interactions. The interactions can be nonspecific such as

coulombic and van der Waals and specific such as hydrogen bonding and hydrophobic interactions.5!
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Figure 35: Absorbance spectra of IrdCFs in different solvents.

With our best conditions determined, we proceeded to produce a small library of DHQs, as shown in

Figure 35, that we could use for our subsequent synthesis of macrocycles.
A) Optimised reaction conditions
. TC Ir[dF(CFy)ppYL,(dtpPYPF,
R+ > R
@N o 2,2,2-TFE:CHCI; (4:1) A
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24 h

H H

2N 2P
93% 41%

F
<
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F N~o i °
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H
i RGN
N Br O O/\/O\

Figure 36: A) Optimised reaction conditions. B) Library of DHQs synthesised.
C) Failed substrates
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The model product 2N was produced in 93% vyield. The product was confirmed by *H-NMR and
matched the literature reference.®? The *H-NMR spectrum is shown below in Figure 36. The key
diagnostic feature was the presence of alkyl signals at 3.86 ppm (dd) integrating for a single proton
(H-5) and 3.22 ppm (m) integrating for two protons (H-6). The N-H of the amide (H-3) also shifted
upfield from 10.32 ppm to 9.14 ppm (relative to the starting acrylamide) showing a reduction in the
deshielding effect of the alkene. The aromatic region correctly integrated for nine protons. An overlay
of the starting material 2B and the product 2N is given in Figure 37 to provide a summary of the key

changes and diagnostic points.
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Figure 37: 'H-NMR spectrum of 2N.

It is worth mentioning that carrying out the reaction with substrate 2C, a 1:2 ratio of regioisomers
20:2P, was obtained, affording the corresponding DHQs in 22 and 41% yield, respectively (Figure
38) — a result consistent with placing the bulky tert-butyl group in a sterically less hindered

environment for the major product.
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Figure 38: Synthesis of regioisomers 20 and 2P.

The overlayed 'H-NMR spectra of 20 and 2P are shown in Figure 39. A key difference in the
'H-NMR spectra is the difference in splitting pattern of the DHQ ring protons (H-9/H-10). It can be
surmised that due the proximity of the bulky tert-butyl group to the CH> (H-10) protons in 20, the

diastereotopic environment becomes more exaggerated, and this results in a more complex splitting

pattern.
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o diastereotopicity in 20
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Figure 39: Overlayed 'H-NMR spectra of 20 and 2P.

However, to conclusively assign 20 and 2P to their respective *H-NMR spectra, we proceeded to do
an HMBC analysis (Figure 40 and 41). The HMBC spectrum in Figure 40 shows that the *H-NMR
assignments for the two structures is correct. The absence of a cross peak between C-18, the
substituted aromatic carbon of the tert-butyl group, and the CH> (H-10) protons, shows that the tert-

butyl group is likely located more than 4 bonds away from the CH> protons as in 2P.
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Figure 40: HMBC spectrum of 2P. oo

The key diagnostic feature in assigning the structure for structure 20 is that the substituted aromatic
carbon of the tert-butyl group, C-18, would have a cross peak with the CH» (H-10) protons as there
are only 4 bonds between them. The two cross peaks are highlighted in yellow on Figure 41,

providing definitive proof that the tert-butyl group is near the CH, protons as in 20.

The proposed mechanism for the DHQ synthesis can be viewed via two pathways, A and B as shown
in Figure 42. The catalyst is photoexcited to its singlet state where it then undergoes intersystem
crossing (ISC) to its triplet excited state. It then transfers this triplet energy to the acrylamide 2B,
which then goes to its triplet excited state. >22B* can follow pathway A and form a diradical species
A2-4 which forms the more stable diradical species A2-5 that undergoes a [1,5]-H shift to form the
N-unsubstituted DHQ 2N. Alternatively, 2B can undergo a 6x electrocyclization to form A2-6, and
in a protic solvent, A2-6 follows route (i) where it gets protonated by the solvent and tautomerizes to
form the product 2N. A2-6 can also undergo direct [1,5]-H shift to form the product 2N via route (ii).
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With the photochemical reaction working to produce N-unsubstituted DHQs with moderate to good

yields, we moved on to investigating their suitability as starting materials for SURE macrocyclization.
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CHAPTER 3: MACROCYCLE SYNTHESIS VIA SURE
It is worth noting that this part of the work — namely the application of the SURE macrocyclization

was due to be performed in the Unsworth laboratory as part of a student research exchange as they
had the expertise in this area. Due to the Covid-19 restrictions and associated border closures, this
travel could not occur. Therefore, in conjunction with developing methodology to make DHQs, we
sought to understand the SURE methodology and characterization of resulting products, based on
model systems from the Unsworth laboratory (Figure 43) in order to become acquainted with various
aspects of this approach. For example, the NMR spectroscopic characterization of macrocycles tends
to be complicated by the presence of rotamers and tautomers as well as overlapping signals especially
in the alkyl region. Also, literature has shown that macrocycles tend to adopt different conformations
in different solvents. With the SURE methodology itself, an extra complication is proving that
cyclization has taken place and that the product obtained is not simply the deprotected intermediate
of B. This is because the intermediate B and the cyclized product D have same number of protons
and molecular mass. Thus, mass spectrometry and related techniques such as HRMS and LCMS alone

cannot be used as confirmation.

O
0] i n
(n) acylation . A];‘\:\/( )
EWG o EWG

A
intramolecular
cyclisation
0f . ' HO i
(n)/\U/ W ring expansion ) )
D C

Figure 43: General scheme for SURE macrocylization.

3.1 Results and Discussion
With this in mind, we considered that it would be helpful for us to start with molecules that

Unsworth’s group had already made and explore these with 2D-NMR to confirm cyclization. The
SURE methodology was initially developed using cyclic B-keto esters (Figure 44A) as starting

materials and f-amino acids (Figure 44B), so we decided to follow this initial procedure.
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Figure 44: Model A) B-keto esters B) p-amino acids utilise

Lo
&

d by Unsworth and co-workers.

The first step was to prepare the Fmoc-protected amino-acid 3A (Figure 44B) from (S)-3-amino-3-

phenylpropionic acid (98%) (Please refer to chapter 5, section

3.1 for further details). The *H-NMR

(400 Hz, DMSO) spectrum is shown in Figure 45 below. Successful Fmoc protection was confirmed

by the presence of Fmoc signals in the *H-NMR spectrum of the coupled product with the expected

relative integration, i.e, an additional eight aromatic protons and a multiplet signal for the benzylic

protons at 4.21-4.32 ppm integrating for two protons. The

multiplet here is consistent with the

diastereotopic nature of these signals with respect to the stereocentre of the amino acid at C-19

(according to the numbering below). In addition, there are no NH> proton signals; instead, a doublet

at 7.93 ppm integrating for a single proton, pointed to the presence of an amide bond.
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Figure 45: 'H-NMR spectrum of 3A.
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With 3A in hand, we could now proceed to do the synthesis of the first model substrate 3C as shown
in Figure 46. To this end, 3A was thus reacted with oxalyl chloride, with DMF as a catalyst, to afford
the acid chloride 3AL.

o o 1. MgCl,, pyridine, DCM
RT, 30 min O
o > _Fmoc
P 2, N
0] H
A3-1 o »overnight, RT 50 N—
Fmoc 23%
NH Cl
3A1 3B
e} (0] NPT
Piperidine, DCM
NH NH 1 h, RT
-~ N
o OH
0" o j 0
3C1 40% 3C2

Figure 46: SURE synthesis of 3C.

As a point of reference, commercially available 2-oxocyclohexane carboxylate, A3-1, was analysed
by 'H-NMR spectroscopy (300Hz, DMSO) as shown in Figure 47 below. This starting material exists
as a mixture of keto-enol tautomers (2:1) as evidenced by the singlet at 12.17 ppm (from the enol
OH) and the H signal at 3.55 (from the keto CH) in DMSO at room temperature.

The cyclic starting material, 2-oxocyclohexane carboxylate, A3-1 was reacted with the freshly
prepared acid chloride, 3A1 to afford 3B via standard enolate chemistry as shown in Figure 48 below.

The formation of 3B was confirmed by NMR spectroscopy.

An overlay of *H-NMR spectra of A3-1, 3A and 3B (Figure 49) showed that the CH proton signal at
3.59 ppm in the H spectrum of 2-oxocyclohexane carboxylate, A3-1, was absent in 3B. This
suggested that a quaternary centre had formed as expected. This was then verified by HSQC.
Furthermore, the PhCH proton signal which had been at 4.93 ppm in the Fmoc-amino-acid (3A1)
appears at 4.98 ppm in 3B. CH> proton signals which had previously appeared at 2.63 ppm in the
Fmoc protected amino acid appear at 2.88 ppm and 3.05 ppm in 3B. The signals appear more

downfield because of greater deshielding.
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Figure 47: 'H-NMR spectrum of A3-1.
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Figure 48: Mechanism for the formation of 3B.
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Figure 49: Overlayed 'H-NMR spectra of A3-1, 3A and 3B.

One key diagnostic feature for the formation of 3B is the existence of a quaternary carbon. In order
to conclusively identify the quaternary carbon, we conducted an HSQC-DEPT analysis. The resultant
spectra are shown in Figure 50, with quaternary carbon identifiable from not having any C-H
correlations. Additionally, the spectra revealed the presence of two carbonyls, an ester and amide
which are identifiable from their diagnostic chemical shifts, as well as the lack of C-H correlations in
the HSQC spectra. Indeed, the 23 C-NMR on its own also shows this.

Compound 3B was also subjected to 2D-NMR spectroscopic analysis. COSY and HMBC data
allowed us to envision how the atoms are connected as shown in Figure 51. The spectra show that
only one diastereomer was isolated at 23% yield, indicated by one set of signals in both *H and
13C-NMR spectra. It was not beneficial to determine the stereochemistry at this point as it would be

lost in the next transformation.

49



Ll A U Y S

— =217 r
B I 20
7 a0 U g [
J DMSO ‘,:“Lt‘ﬁ‘] v ‘ [ 30
_— (171 191 /| 1 W/ 40
i (103 G W I
- AVRVY - 50
(6] fi r
_ iy [ e°
3 Y r
@
\ e
quaternary carbon [ 90
100 =
] g
Fi10 =
[36,40] [ =
— @ (28261 120
;{ pa— 23 [
137,491 [22,23,24,27,28,29,38] // N, [ 130
] . 140
= W~ \2 /\ [
| || / D 150
B X~ /,\ N o~ \\ [ 160
“ \ 28 j
4 4 carbonyl carbons Lox / Lo bo= [ 170
\@/// I 180
0/ N 190
H3 L
_ I 200
210

80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0.5 0.0
f2 (ppm)
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(2
p; ’Q

KeyCOSY d HMBC
an
0™\ COSY only

»+ HMBC only

Figure 51: COSY and HMBC correlations of 3B.

The diastereomer 3B was subsequently reacted with piperidine to deprotect the amine, allowing
cyclization to occur (Please see chapter 5, section 3.1 for further details). The mechanism is shown
in Figure 52 below. The cyclized product, 3C (existing as enol: keto tautomers; 3C1:3C2) was
obtained in 40% yield. The structure of the cyclized product, 3C, was confirmed by *H-NMR, **C,
HSQC and COSY data.
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Figure 52: Mechanism of the deprotection of 3B to yield 3C.

An overlay of the *H-NMR spectra of 3B and 3C (Figure 53) showed that the Fmoc signals were
absent in 3C. The PhCH proton signal, which had been observed at 4.98 ppm in 3B, can now be
observed at 5.20 ppm in 3C. This is consistent with the increased electrophilicity of the adjacent
amide when compared the carbamate in 3B, due to the absence of the resonance stabilisation by the
oxygen atom. The CH> signals, which had appeared at 2.88 ppm and 3.05 ppm in 3B, are observed at
2.65 ppm and 3.22 ppm in 3C. Furthermore, a CH signal is observed at 4.35 ppm in 3C, since the

quaternary carbon in 3B is now a tertiary centre in 3C (only in the keto-form, 3C1).

Although one diastereomer had been isolated for 3B, the *H spectra of 3C (Figure 53) indicated two
sets of CH (H-7), PhCH (H-10), amide proton (H-4) signals and OH (H-13) signals. The CH (H-7)
and PhCH (H-10) were confirmed as CH protons by phase from HSQC-DEPT, and the amide (H-4)
and OH (H-13) were identified by lack of CH correlations. These observations suggest a mixture of
diastereomers further compounded by apparent keto-enol-tautomerism. The two diastereomers could
not be separated by flash chromatography as they appeared as a single spot on TLC. The
diastereomeric ratio was calculated to be 4:1 in DMSO at RT using the relative integrals for the CH
(H-7) signals. Using the relative integrals for the OH and CH signals, the keto-enol ratio was

calculated to be 7:1 in DMSO at room temperature. The 3C NMR spectrum shown in Figure 54 had
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the expected number of 18 carbon signals, although there were two sets of signals from the ester

carbonyl (C-19) possibly due to the tautomers. The spectrum was comparable to literature.*’
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Figure 53: Overlayed *H-NMR spectra of 3B and 3C.
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Compound 3C was furthermore analysed using HSQC and COSY NMR spectroscopy experiments.
COSY allowed us to confirm key assignments as shown in Figure 55. The absence of C-H
correlations with the proton signal at 8.43 ppm and 8.66 ppm in the HSQC spectra allowed us to
identify the amide proton.

Key
O o HSQC
) COSY

Figure 55: HSQC and COSY assignments of 3C.

The compound 3C was subjected to HRMS analysis (Figure 56) to determine if the molecular weight
matched. HRMS was used only as a secondary characterization tool because of the previously
mentioned challenge that the deprotected intermediate would have the same molecular mass as the
product. The calculated values were as follows; a) Chemical Formula: C1sH23NNaOs4, b) Exact Mass:
340.1525, ¢) Molecular Weight: 340.3693, d) m/z: 340.1525 (100.0%), 341.1558 (19.5%), 342.1592
(1.8%). The experimental m/z ratio was 340.1525, thus the deviation from the calculated m/z ratio is

Zero.
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Figure 56: HRMS spectrum of 3C.

We repeated this procedure starting with a five-membered B-keto ester, A3-2 to yield a
nine-membered macrocycle, 3D (3D1 and 3D2) (Figure 57). For this procedure, we did not isolate
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the intermediate, A3-3. The yield over the two steps was 60% and the spectrum was comparable to

literature.*’

0 1. MgCl;, pyridine, DCM

N RT, 30 min _
2.

Ag-z o » overnight, RT
Fmors:“_| ol [Not isolated]
3A1 A3-3
Piperidine, DCM
) Q 1 h, RT
N N -
H N P
° OH
(@) OK o OK
3D1 60% 3D2

Figure 57: SURE synthesis of 3D.

Once satisfied with our ability to prove the cyclization using NMR spectroscopy, we moved on
to trying the SURE methodology on a simple lactam — a more related precursor to our envisaged
DHQ. To this end, macrocycle 3E was synthesized (Please see chapter 5, section 3.2 for further
details) as shown in Figure 58, without isolating the intermediate 3P, and obtained in 12% yield.

O .
O Ph DMAP, Pyridine o U
)J\)\ + HN . N NHFmoc
Cl NHFmoc DCM, 16 h, 50 °C
3A1 A3-4 3P
[not isolated]
@) Ph
N DBU
H -
NENe) DCM, RT
H overnight
3E
12%

Figure 58: SURE synthesis of 3E.
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The structure of 3E and the *H-NMR spectrum is given in Figure 59 below. The structure was

comparable to literature, although the yield was poor.5
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As we had become accustomed to the SURE conditions, we moved to applying this process to our

DHQs precursor and selected the simple N-unsubstituted DHQ, A3-5 as a model substrate

(Figure 60).

1. nBuLi, THF

H
©/\Nj0 -78 °C, 30 min \\‘J/ Bn
> (@]
0O,
2.0 °C-RT, 2 days 1.
i 7
N/\HkCI

A3-5 Bn.
ll-'mocPh 16%
H
N O
H
\irph N__O
1091
N‘Bn
(0]

[not obtained] 42%

30 A3-5

Figure 60: Attempted SURE synthesis of 30.

II:moc
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Unfortunately, only the DHQ-amino acid adduct, 3M was obtained in 16% yield. Despite the low
yield, we wanted to obtain proof of concept of the SURE protocol, so we went on to do the
deprotection step. Unfortunately, instead of obtaining the cyclized product, 30, the starting N-
unsubstituted DHQ A3-5 was recovered. We thus sought to find a different way to initiate the

cyclization.

Unsworth and co-workers had been working on improving their methodology and had discovered a
more efficient way of doing these macrocyclizations. They developed a Conjugate Addition or Ring
Expansion (CARE) methodology which involves N-acylation of a lactam with acryloyl chloride,
followed by a Michael addition (conjugate addition to the imide Michael acceptor) on treatment with
an amine and subsequently ring expansion (Figure 61).% We therefore decided to move on from the
SURE methodology and try this instead. As before, we first tried the methodology on a simple lactam,
A3-4, as shown in Figure 61, with n=1 and benzyl aniline as the amine.

Ar, 4 h, RT
HOL |. THF, MeMgBr, 0 °C, Ar, 40min O Q R

" N HL Y7 R-NH, (n)HszR
(n)\) 2. O ) 30 min N MeOH 1 i
N @)
H

C,% (n)
[A3-4 (n=1)] I A3-6

[3F(n=1)] [3G(n=1 and R=Bn)]

[23%] [36%]
Figure 61: CARE synthesis of 3G.

The intermediate product (3F) was obtained in 23% yield and the final product (3G) in 36% yield.
Although these yields were low, they showed improvement from the previous methodology.
However, when we tried this methodology on our DHQ, the reaction failed to yield the desired
product (3H) at the acylation step (Figure 62A). We suspected that these challenges were associated
with the our attempts to generate the acryloyl chloride (A3-6) in situ from the acrylic acid A3-7
(Figure 62B).%

We noted that the Unsworth group had used commercially available acryloyl chloride starting
material (not available in South Africa at the time); however, we were reluctant to prepare the acryloyl
chloride again as the process involved distillation and therefore possible exposure to this toxic

chemical. We therefore decided to find other ways of achieving our desired goal.
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) o . O o
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+ e L | i e >
Ho)v CI)J\Ph CI)J\/ HO)kPh Cl)v
A3-7 A3-8 A3-6 A3-9 A3-6

Figure 62: A) Attempted CARE synthesis of 31. B) Synthesis of A3-6.

To ascertain if the problematic step was indeed related to the acylation of the N-unsubstituted DHQ
(A3-5) we performed a trial reaction by subjecting A3-5 to benzoyl chloride. In the event, we obtained
the desired product in 61% yield (Figure 63A). With this promising result, we considered a route that
involved acylation using 3-chloropropionyl chloride, with a view to ultimately access the desired
amine following substitution of the alkyl chloride (Figure 63B). Disappointingly, the reaction once

again failed at the acylation step.

A)
1. nBuLi, THF
’ (@) Ph
Ho 5 78 °C, 30 min Y
2.0 °C-RT, overnight @j
A3-5 A3-8 )OL 2T
Cl Ph 61%

B) 1. nBuLi, THF cl
H o -78 °C, 30 min o
©/\j 2.0 °C-RT, overnight N 0
A3-5 0

CI)J\/\CI A3-11

A3-10 :
[not obtained]

Figure 63: Acylation of A3-5 with A) benzoyl chloride B) 3-chloropropionyl chloride.
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In light of these challenges, we considered that we did not necessarily need the cyclising fragment to
be attached via an amide bond. Thus, we envisaged installing the cyclising tether via an alkylation
instead (Figure 64). Somewhat gratifyingly, reaction with 1,3-dibromopropane yielded the alkylated

product 3J (confirmed by *H-NMR, Figure 65); however, as a 1:1 mixture with N-allyl substituted
DHQ, 2V, obtained via subsequent elimination.

1. NaH, THF
m 30 min
> N~ "0 + N~ ™0
N" o Br~ " "Br
2. |
A3-5 2v Br 3J
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— — NaN:;,, H2O
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- N Ol «——>— N o
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H H,N N
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Figure 65: 'H-NMR spectrum of 2V and 3J (1:1).
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Successful formation of 3J can be proved by the signals highlighted in blue in Figure 65 above,
showing two triplet signals integrating for two protons each from H-11 and H-14 at 4.05 and 3.45
ppm, respectively, and a multiplet also integrating for two protons at 2.21 ppm corresponding to H-
13. The 4 aromatic signals are found in the two sets of 4 within the aromatic region and the H-9 and
H-10 signals are contained within the two sets of 4 alkyl signals. The presence of these two sets, in
addition to the signals highlighted in yellow points to the presence of N-allyl substituted DHQ, 2V.
Two sets of signals are also seen in the 3C-NMR spectrum shown in Figure 66 below.
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Figure 66: 13C-NMR spectrum of 2V and 3J.

Due to the difficulty of separation, the mixture was carried forward to the next step where the bromine
was substituted with an azide. The azide was confirmed by performing Staudinger reaction on the
TLC plate to allow visualization using ninhydrin as a stain reagent.®® The crude azide was then
subjected to the Staudinger deprotection conditions with triphenyl phosphine (TPP). Analysis of the
isolated product by *H-NMR spectroscopy revealed a product together with coeluted triphenyl
phosphine oxide (TPO) from the column (Figure 67). While the non-TPO integrations (7.30 — 8.00
ppm) were consistent with our desired product 3L (namely 4 aromatic protons and 11 aliphatic

protons), we were aware that the uncyclized amine 3N, would reveal a similar spectrum. We were
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encouraged however by the downfield signal at 8.60 ppm, as this could be an indication of the N-H
amide proton.
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Figure 67: 1H-NMR spectrum of 3L contaminated with TPO.
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3.2 Future Work and Considerations

We had attempted to remove the TPO in order to improve our spectroscopic data; however, this
resulted in product degradation. To avoid these challenges, we considered using a nitrile group instead

as these can be reduced via other methods (Figure 68).

©\/l 1. CSCO3, ACN= mo
N™ O
\ 5 /

B e CN
A3-5 85 °C, overnight 2X
82%

'reducing conditions

U5 — [

H,N
—23M _

Figure 68: Different SURE route envisaged.

In the event, the N-alkylated DHQ, 2X, was indeed synthesised by substitution with
3-bromopropionitrile (confirmed by *H- and **C-NMR, Figures 69 and 70). This posed the challenge
of finding a chemoselective method of reducing the nitrile without reducing the amide, as LiAIH4
could possibly reduce both sites. We found that a similar transformation to what we were hoping to
achieve used hydrogen and a PtO; catalyst.®® Despite the fact that we did not have this catalyst on
hand, time constraints prevented us from following up with both this route, as well as the azide method

above. This however will be a point for future work.
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CHAPTER 4: QUINOLINONES

4.1 A Serendipitous Discovery

We considered a demethylation strategy for the synthesis of N-unsubstituted DHQs from N-methyl
DHQs because the method we had developed (Chapter 2) makes use of an expensive catalyst, whereas
synthesis of N-Me DHQs makes use of inexpensive 2-chlorothioxanthone (2-CTX). A literature
search turned up a recent publication by Yi et al where demethylation was achieved using a Cu
catalyst and NFSI as an oxidant (Figure 71).’

Cu(acac), (10 mol%)
NFSI (1.5 eq)

Ph Ph
/J\\W,{l\ MeOH (3.0eq) %(NH
o CH,CN (1.0 mL) o
N,, 80 °C, 24 h
Figure 71: Demethylation strategy.

4.2 Results and Discussion

4.2.1 Preliminary Studies

We decided to attempt this method on our N-methyl DHQ (A4-1) as shown in Figure 72 below.
Interestingly however, rather than the expected product 4B, we obtained the oxidation product,

namely quinolinone 4A in 51.7% yield.

Cu(acac), (10 mol%)
NFSI (1.5 eq)
MeOH (3.0 eq)

CH,CN

| N,, 80 °C, 24 h

A4-1 4A 4B (not obtained)

Figure 72: Attempted demethylation of A4-1.

The product was confirmed with *H-NMR spectroscopy and the spectrum is shown in Figure 73. The
presence of the N-Me signal (H-12) at 3.78 ppm showed that our desired demethylation had failed.
However, we could see that we had a new product as the alkyl signals from the starting material were
no longer present and a new signal could be seen close to the aromatic region at 7.28 ppm, consistent

with the alkenyl proton H-10 and in accordance with literature reports.®’
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Figure 73: *H-NMR spectrum of 4A.

Our proposed view of this reaction is shown in Figure 74. Following the in situ formation of Cu(l),
NFSI undergoes a single electron reduction to produce the NSI radical (A), with the concomitant
regeneration of Cu(ll). Hydrogen atom transfer (HAT from A4-1) by radical A produces the methine
DHQ radical A4-2 which is subsequently oxidised to its benzylic carbocation A4-3 by Cu(ll), after
which elimination promoted by the fluoride anion affords quinolinone 4A.

Although this was not what we set out to achieve, the result was exciting nonetheless as it meant that
we had found a methodology to oxidize DHQs. Quinolinones are important biological molecules
which have found use as antiviral, anticancer, antiulcer, and antihistaminic agents. Besides this, we
saw this as an opportunity for late-stage functionalization of synthetic drug molecules, either by the

simple oxidation or an oxidation followed by a substitution to introduce various R-groups.®

The utility of this methodology was exciting because existing methods for this transformation make
use of expensive transition metals such as Pd®1% and Pt''and high temperatures.'? To circumvent the
use of high temperatures, we sought to make the method photochemical such that it can be run at
room temperature. We surmised that we could instead use a Cu photocatalyst at room temperature,

together with NFSI as the oxidant.
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Figure 74: Proposed mechanism for the formation of 4A.

4.2.2 Catalyst Screen and Optimization

Our optimisation studies (Table 2) began with model DHQ 2W using the copper catalyst
[Cu(DMP).CIICI (CuDMP) under blue light irradiation (450 nm) in accordance with its UV-Vis
absorption spectra (see experimental section). Gratifyingly, 4B was obtained in 69% yield (entry 1),
while only trace product was observed in EtOH (entry 2). Control reactions in the absence of Cu and
NFSI, confirmed the importance of these reagents (entries 3-5). Switching to a metal-free process,
using 2-chlorothioxanthone (2-CTX) in ACN at 405 nm irradiation (see experimental section) gave
a pleasing 72% yield (entry 6), while switching to greener solvents such as EtOAc and EtOH gave
reduced yields of 65% and 58%, respectively (entries 7-8). Modification of the oxidant to either
terminal oxygen, peroxide or persulfate, failed to produce any reaction (entries 9-11).
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Table 2. Optimisation Studies.

©\/l 'conditions' @(1
N0 3Bow) N0
Bn fan cooling, 24 h Bn
2W 4B
Entry | Photocatalyst | Wavelength | Catalyst | Oxidant Solvent Yield (%)
mol%

1 CuDMP 450 20 NFSI ACN 69
2 CuDMP 450 20 NFSI EtOH trace
3 CuDMP 450 20 none ACN Not detected
4 none 405/450 - none ACN Not detected
5 none 405/450 - NFSI ACN Not detected
6 2-CTX 405 20 NFSI ACN 72
7 2-CTX 405 20 NFSI EtOACc 65
8 2-CTX 405 20 NFSI EtOH 58
9 2-CTX 405 20 Air ACN Not detected
10 2-CTX 405 20 H202 ACN trace
11 2-CTX 405 20 Na2S20s ACN trace

The oxidation of the model substrate, a N-Bn substituted DHQ (2W) to produce 4B can be proven by
asimple *H-NMR overlay of the two compounds (Figure 75). The alkyl signals at 2.82 ppm and 2.99
ppm in 2W are absent in 4B. Furthermore, the benzylic protons at 5.19 ppm in 2W are further
downfield at 5.53 ppm in 4B and 4B has new doublet signals at 6.79 ppm and 7.21 ppm corresponding
to the two alkenyl protons (H-9 and H-10).

An overlay of the *C-NMR spectra of the two compounds also shows that 4B does not have carbons
in the alkyl region where they would be in 2W (Figure 76). Rather, new signals for alkenyl carbons
can be seen at 121.4 ppm and 140.1 ppm.
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With the optimised reaction conditions in hand (Table 2, entry 6) we turned to exploring the substrate
scope of the reaction (Figure 77B). Substrate 4A is the initial quinolinone produced via the thermal
method when demethylation was first tried; it would thus be worth investigating how the optimised
reaction conditions affect the yield. Further investigations need to be carried out to determine if the
same substrates produced using CuDMP (marked with superscript ¢ in the substrate scope) could be
produced with 2-CTX in comparable yields. This was done only in the case of compound 4B (72%
with 2-CTX versus 69% with CuDMP) and 4D (75% with 2-CTX versus 62% with CuDMP) where

2-CTX showed improved yields, but time constraints limited further study.
A) Optimised reaction conditions
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It is interesting to note that the method works with a coumarin, as in 4C, giving access to other
chemical transformations. We considered the utility of this method with lactams, ketones, imides and
acyclic substrates as this transformation typically makes use of metals such as Pd®"° and thus it
would thus be advantageous to have a methodology that makes use of a cheap organic catalyst.
Unfortunately, however, these did not work out with our conditions (Figure 77C). More work needs
to be done in investigating a change in the conditions, such as using a base, which would allow for
the oxidation process.

The proposed mechanism of the photocatalyzed reaction is shown in Figure 78. For the copper
catalysed process (Figure 78A), the Cu" catalyst is photoexcited to its triplet excited state following
irradiation with visible light. Single electron transfer (SET) to NFSI produces NSI radical Al,
together with a highly oxidising Cu'"" species. A subsequent HAT from DHQ A2 produces radical
A3, which is subsequently oxidised to the tertiary carbocation A4, with the concurrent return of the
photocatalyst to its ground state. Deprotonation by the fluoride anion finally produces the quinolinone
product A5.

For the 2-CTX (Figure 78B), following the generation of the diradical triplet state B2, HAT from
the DHQ B4 produces DHQ methine radical B6 together with the persistent ketyl radical B3. SET
oxidation of B6 by NFSI forms NSI radical B5 as well as the carbocation B7, which is converted to
DHQ product B8 following deprotonation with fluoride anion. which performs a SET to NFSI. The
DHQ cation (B7) is oxidised by the fluoride anion to produce the quinolinone. Catalyst turnover (back
to B1) is then achieved by HAT of NSI radical B5 and ketyl radical B3.

Since our optimised reaction conditions involved the organic 2-CTX and our prior work in the group
used this same photosensitizer for the cyclisation step to produce the 3,4-dihydroquinolinone, we
considered the possibility of making the DHQ and subsequently oxidising it to the quinolinone in one
pot—formally achieving a Fujiwara-Moritani/Heck type transformation (Figure 79).”* However,
during development of this one-pot method using 2-CTX as photocatalyst, we encountered a

challenge in the separation of our quinolinone product from the NHSI by-product.

We then turned to investigate some post-purification process chemistry that could help assist remove
the residual NHSI, using compound 4D as a model since the phenomenon seemed more prevalent in
N-unprotected systems. While a simple base wash with K.COs (aq) and NaOH (aq) did not remove
this by-product, literature reports revealed that overnight stirring with NaOH showed that sodium
salts of NHSI could be recovered.” In the event, this did help us to remove all of the NHSI and we

recovered the product 4D in 44% yield.
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The *H-NMR spectrum of 4D obtained by this method is shown in Figure 80. The amide proton
signal typically shows between 12 and 13 ppm as shown in the product *H-NMR spectrum displayed
in Figure 81; however, in this case, this signal was missing (Figure 80). It is possible that the yield
was lowered by deprotonation of the amide thereby making it a salt resulting in some of it being
retained within the water layer. This showed that NaOH was effective in removing NHSI overnight,

but was not effective for our process as it affected product recovery.

We recalled that our Cu photocatalyzed reactions did not share the same process chemistry
complications, and indeed came across literature that showed that NHSI could be complexed to Cu.™
This was interesting as it helped provide an explanation for the high catalyst loadings required for the
CuDMP, together with its low to moderate yields (CuDMP is typically only required in 1-2 mol% in
photochemical reactions). It was therefore possible that the by-product was poisoning our copper
photocatalyst. With this in mind, we tried washing our 2-CTX catalysed reactions with CuSO4 and
were very pleased to find that our quinolinone products could be completely separated from the NHSI
side product (Figure 81). Gratifyingly, the product yield was much higher at 75% yield as compared
to the NaOH-treated reaction which yielded 44%. More studies would be needed to establish that this
process chemistry was working the way we thought.
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Figure 80: 'H-NMR spectrum of 4D after treatment with NaOH overnight.
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The quinolinone, 4D, has been reported to exist as the keto (lactam) and/or enol (lactim) tautomeric
forms. Although these are close in energy, in gas phase, the enol form has been found to be more
stable.” However, the keto form has been found to be more stable in solution. The *H-NMR and
13C-NMR we obtained in CDCls at RT suggest that only one form was isolated. As shown in Figure
81, the H-7 signal is much more downfield at 12.46 ppm, whereas the amide proton signals are
typically around 8 ppm from which our initial deduction was that 4D exists exclusively as the enol
tautomer when in solution in CDClz at RT. However, literature suggests that the keto form is
predominant in most cases, and a study has been conducted that shows that despite the H-7 signal
being more downfield than what is typical for an amide, 4D actually exists predominantly in the keto

form.”™
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Figure 81: *H-NMR spectrum of 4D after treatment with CuSQOuag).
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The 3C-NMR spectrum shown in Figure 82 had the expected nine signals and agreed well with
literature, with a characteristic resonance at 165 ppm consistent for an amide C=0.7® Thus, we can

conclude that our isolated product exists as the keto tautomer in CDCl3 at RT.
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Figure 82: 3C-NMR spectrum of 4D.

4.3 Conclusions and Recommendations

The serendipitous discovery of quinolinone formation as we sought out to demethylate a N-Me
substituted DHQ to produce a N-unsubstituted DHQ led to the development and optimisation of an
efficient photochemical method for the synthesis of quinolinones. Future work will focus on
extending the methodology to acyclic substrates, i.e, investigating suitable reaction conditions that
will allow usage of the same organic photocatalyst. Furthermore, since we have established that we
can remove the NHSI by-product using CuSOg, the one pot sequence to achieve a Fujiwara-
Moritani/Heck type transformation can now be optimised. However, the initial goal of this
investigation was to demethylate a N-Me substituted DHQ to produce a N-unsubstituted DHQ, hence
future investigation should focus on developing methodology to achieve this.
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CHAPTER 5: EXPERIMENTAL

GENERAL PROCEDURES

All reactions were carried out in oven-dried glassware under an inert nitrogen atmosphere, unless
otherwise stated. Reagents were obtained from commercial sources (Sigma-Aldrich, Merck) and used
as received unless otherwise stated. Solvents were evaporated under reduced pressure at 40 °C using
a Buchi Rotavapor, unless otherwise stated. Reaction temperatures were achieved with heat (for > 25
°C) and dry ice/ice/liquid nitrogen (for 0 and -78 °C). Aqueous solutions were prepared using distilled
water. Photochemical reactions were carried out using an EvoluChem™ PhotoRedOx Box under
irradiation at an appropriate wavelength using an EvoluChem™ LED (30W). Standard borosilicate
glass vessels were used. Where required, reactions were heated using a standard stirrer/metal heating
block combination fitted with a temperature probe.

All reactions were monitored by TLC using aluminium-backed Merck silica-gel 60 F2s4 plates and
aluminium oxide F2s4 plates, and compounds were visualised on TLC under a UV-lamp and/or were
sprayed with a 2.5% solution of p-anisaldehyde in a mixture of sulfuric acid and ethanol (1:10 v/v),
ninhydrin or potassium permanganate and then heated using a 1600 W heat gun. Normal phase
column chromatography was carried out using silica-gel 60 or aluminium oxide and compounds
eluted with the appropriate solvent mixtures. Preparative TLC was used with an appropriate solvent

system where necessary.

All compounds were dried under vacuum before yields were determined and spectroscopic analyses
performed. Nuclear Magnetic Resonance (NMR) spectra (*H and *3C) were recorded on either a
Bruker XR400 MHz spectrometer (*H at 400.0 MHz and *C at 100.6 MHz), a Bruker XR300 MHz
spectrometer (*H at 300.1 MHz) or a Bruker unity spectrometer (*H at 600 MHz and *3C at 151 MHz)
and were carried out in CDCl3, DMSO-ds and/or D.O MeOD as the solvents, unless otherwise stated.
Chemical shifts (8) and J coupling values were reported in units of ppm and Hz, respectively.
Chemical shifts for *H and *C were recorded using tetramethyl silane (TMS) as the internal standard.
Assignments were confirmed by COSY, HSQC-DEPT and HMBC analysis when required. High-
resolution mass spectra were obtained from the University of Stellenbosch Mass Spectrometry
Service and recorded in electrospray positive mode with a time-of-flight analyser system on a Waters
Synapt G2 machine.
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2. Synthesis of DHQs

2.0 Synthesis of Acrylanilides and p-lactams

General Method””

To a mixture of aniline (1 eq.), carboxylic acid (1.2 eq.) and 2-chloro-1-methylpyridinium iodide (1.4
eq.) in DCM (5 mL/mmol of aniline) at 0 °C, was added DIPEA (3 eg.) dropwise and the reaction
vessel allowed to warm up to room temperature. After 4 hours an equal amount of deionised water
was added, and the mixture extracted with DCM (x3). The combined organic extracts were then dried
over MgSOs and reduced in vacuo. The resultant residue was purified by flash column
chromatography (PET/EtOAC) to give the products as listed below.

1,3-Diphenylazetidin-2-one (Compound 2A)*°

17 16 15 Obtained according to the general method in 14% yield, 201 mg. Rr 0.44

10, 12 .4 N EIOAGPET (3:7)."H NMR (300 MHz, DMSO-de) & 7.54-6.98 (m,

s ANYG 13 10H, H-Ar), 4.64 (dd, J = 6.0, 2.9 Hz, 1H, H-9), 4.11 (t, J = 6.1 Hz, 1H,
1 @@ ?1 H-10), 3.76 (dd, J = 6.2, 2.9 Hz, 1H, H-10).13C NMR (101 MHz, CDCls)

2 § 165.4 (C-8), 138.3 (C-Ar), 135.3 (C-Ar), 129.3 (C-Ar), 129.0 (C-Ar),

127.8 (C-Ar), 127.4 (C-Ar), 124.1 (C-Ar), 116.5 (C-Ar), 53.6 (C-9), 46.7 (C-10).

N,2-Diphenylacrylamide (Compound 2B)%®

16 5 Obtained according to the general method in 27% yield, 405 mg. Rt
15 7 o @1 0.42 in 3:7 EtOAC:PET. 'H NMR (300 MHz, DMSO-ds) & 10.39—
2 10.21 (s, 1H, H-7), 7.82-7.65 (m, 2H, H-Ar), 7.56-7.22 (m, 6H, H-Ar),

7.22-7.03 (m, 2H, H-Ar), 5.96 (s, 1H, H-10), 5.74 (s, 1H, H-10)

-
N

~NTZ
w
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N-(3-(Tert-butyl) phenyl)-2-phenylacrylamide (Compound 2C)®
16 i ) Obtained according to the general method in 32% yield, 358 mg.
15 7 o 3 1 Rf 0.4 in 2:8 EtOAC:PET. H NMR (300 MHz, CDCl3) § 7.52-
14%m%<2 7.43 (m, 1H, H-7), 7.43-7.31 (m, 6H, H-Ar), 7.31-7.24 (m, 1H,
10 7 20 H-Ar), 7.23-7.12 (m, 1H, H-Ar), 7.12-7.00 (m, J = 7.7, 1H,
H-Ar), 6.20 (d, J = 1.2 Hz, 1H, H-10), 5.65 (d, J = 1.2 Hz, 1H, H-10), 1.23 (s, 9H, H-19/H-20/H-21)

N-(2-Fluoro-4-methylphenyl)-2-phenylacrylamide (Compound 2D)

Obtained according to the general method in 14% yield, 289 mg.

14 9 F.3 2 18 : . . 1
15 13 0 j@{ Rf 0.36 in 2:8 EtOAC:PET. *H NMR (300 MHz, CDCls) & 8.27-
16 171210 8N4 6 8.09 (m, 1H, H-Ar), 7.62-7.45 (s, 1H, H-7), 7.43-7.32 (m, 5H, H-
17 Ar), 6.96-6.71 (m, 2H, H-Ar), 6.24 (s, 1H, H-11), 5.68 (s, 1H, H-

11), 2.24 (s, 3H, H-18). 3C NMR (151 MHz, CDCls) 5 164.9 (C-8), 153.4 (C-Ar), 151.8 (C-10),
144.9 (C-Ar), 136.5 (C-Ar), 135.2 (C-Ar), 128.9 (C-Ar), 128.9 (C-Ar), 128.9 (C-Ar), 128.3 (C-11),
128.2 (C-Ar), 125.0 (C-Ar), 123.5 (C-Ar), 121.7 (C-Ar), 115.4 (C-Ar), 115.2 (C-Ar), 20.9 (C-18).

1-(Benzo[d] [1,3] dioxol-5-yl)-3-phenylazetidin-2-one (Compound 2E)

b : 6 (1)8 Obtained according to the general method in 16% yield, 416 mg.

O 8 7 ﬁ 19.  Rf0.39 in 2:8 EtOAC:PET. 'H NMR (300 MHz, CDCl3) & 7.42—
g N" 352 ;’0 7.27 (m, 5H, H-Ar), 7.17 (d, J = 2.0 Hz, 1H, H-Ar), 6.86-6.67 (m,
. 1; 10 2H, H-Ar), 6.96 (s, 2H, H-19), 4.50 (dd, J = 5.9, 2.8 Hz, 1H, H-
16 9),4.11-3.96 (m, 1H, H-10), 3.63 (dd, J = 5.8, 2.8 Hz, 1H, H-10).
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N-(Benzo[d][1,3]dioxol-5-yl)-2-phenylacrylamide (Compound 2F)

Obtained according to the general method in 24% vyield,

14 12 6 1 C1)8
15 13 3 5/©[ 4o 630.8mg. Rr0.26 in 2:8 EtOAC:PET.
4
16 511 8 NT 2 go IH NMR (300 MHz, CDCl3) § 7.49-7.37 (m, 5H, H-Ar), 7.29
10 7 (d, J = 1.8 Hz, 2H, H-Ar), 6.81-6.64 (m, 2H, H-Ar), 6.29 (s, 1H,

H-10), 5.95 (s, 2H, H-19), 5.71 (s, 1H, H-10). 3C NMR (151 MHz, CDCls) § 172.0 (C-8), 146.9
(C-Ar), 143.4 (C-Ar), 138.3 (C-9), 131.1 (C-Ar), 128.6 (C-Ar), 128.1 (C-Ar), 128.0 (C-Ar), 127.3
(C-Ar), 1155 (C-10), 108.2 (C-Ar), 107.2 (C-Ar), 106.7 (C-Ar), 101.4 (C-Ar), 101.2 (C-Ar), 97.7
(C-19).

3-Phenyl-1-(3,4,5-trimethoxyphenyl) azetidin-2-one (Compound 2G)

16 Obtained according to the general method in 8% yield, 99.5 mg.
1120/1 g R 0.16 in 2:8 EtOAC:PET. *H NMR (300 MHz, CDCls) § 7.46—
"D 73 . ™ 7.27(m, 5H, H-A), 6.68 (5, 2H, H-Ar), 452 (dd, J = 5.9, 2.8 Hz,
19 9/ N4 %/15 1H, H-9), 4.15-4.01 (M, 1H, H-10), 3.88 (s, 6H, H-15/H-16), 3.82
o ;Z 10 (s, 3H, H-14), 3.67 (dd, J = 5.7, 2.9 Hz, 1H, H-10).
22

1-(3,4-Dichloro-2-methylphenyl)-3-phenylazetidin-2-one (Compound 2H)

o Obtained according to the general method in 10% yield, 161 mg.

. 1: 15 Rf0.53 in 3:7 EtOAC:PET. 'H NMR (300 MHz, CDCls) § 7.43—

5 INO 13 14 7.30 (m, 6H, H-Ar), 7.19 (d, J = 8.7 Hz, 1H, H-Ar), 4.36-4.19 (m,

6
@Z\ o 1H, H-9), 4.04-3.88 (m, 1H, H-10), 3.87-3.66 (m, 1H, H-10), 2.06
12
20 ©! CI23 18 (s, 3H, H-18)

19
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1-(4-(2-Methoxyethoxy) phenyl)-3-phenylazetidin-2-one (Compound 21I)

Obtained according to the general method in 13% yield,

9% 227520 118 mg. Rr0.23 in 3:7 EtOAC:PET. *H NMR (300 MHz,
19 CDCl3) § 7.41-7.32 (m, 7H, H-Ar), 6.94 (d, J = 8.5 Hz,
2)@1 12 oH, H-Ar), 450 (dd, J = 5.9, 2.7 Hz, 1H, H-10), 4.11 (t, J
17/0\15/\103 15 5 = 4.6 Hz, 2H, H-14), 4.07-3.99 (m, 1H, H-12), 3.75 (t, J
= 4.6 Hz, 2H, H-15), 3.64 (dd, J = 5.7, 2.8 Hz, 1H, H-12),

—

(]
—
N

3.46 (s, 3H, H-17).
N-(4-(2-Methoxyethoxy) phenyl)-2-phenylacrylamide (Compound 2J)

Obtained according to the general method in 4% vyield,

18 8 O\/\o " 357mg. Rr 0.13 in 3:7 EtOAG:PET. 'H NMR (300

0 MHz, CDCl3) 6 7.61-7.29 (m, 8H, H-Ar), 6.87 (d, J =

8.6 Hz, 2H, H-Ar), 6.26 (s, 1H, H-12), 5.69 (s, 1H, H-

12), 4.08 (dd, J =5.6, 3.8 Hz, 2H, H-14), 3.73 (dd, J = 5.5, 3.8 Hz, 2H, H-15), 3.44 (s, 3H, H-17).
13C NMR (151 MHz, CDCl3) § 165.0 (C-8), 155.8 (C-Ar), 145.1 (C-10), 136.8 (C-Ar), 131.0 (C-Ar),
128.9 (C-Ar), 128.8 (C-Ar), 128.3 (C-Ar), 123.1 (C-12), 121.6 (C-Ar), 115.0 (C-Ar), 71.0 (C-15),

67.6 (C-14), 59.2 (C-17).
1-(3,5-Dibromophenyl)-3-phenylazetidin-2-one (Compound 2K)

Obtained according to the general method in 8% vyield, 128.7 mg.

Rf 0.50 in 3:7 EtOAC:PET. 'H NMR (300MHz, CDCl3)  7.56—

16 > 10 \7, 5 g 7.49 (m, 2H, H-Ar), 7.43-7.30 (m, 6H, H-Ar), 4.57 (dd, J = 6.1,

o8 6 3.0 Hz, 1H, H-10), 4.15-3.99 (m, 1H, H-12), 3.69 (dd, J=5.9, 3.0

° 3\@;/1 Hz, 1H, H-12). 13C NMR (151 MHz, CDCls) § 206.9 (C-6), 165.5

1€; (C-Ar), 140.0 (C-Ar), 134.5 (C-Ar), 129.5 (C-Ar), 129.0 (C-Ar),

128.0 (C-Ar), 127.3 (C-Ar), 123.4 (C-Ar), 118.2 (C-Ar), 54.0 (C-Ar), 47.0 (C-Ar), 30.9 (C-10), 30.9
(C-12).
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N-(3,5-Dibromophenyl)-2-phenylacrylamide (Compound 2L)"
Prepared as per general method A and obtained in 13% yield,
202.4mg. Rf 0.39 in 3:7 EtOAC:PET. *H NMR (300 MHz,
15@5’%‘1 Nl CDCls) & 7.77-7.64 (m, 2H, H-Ar), 7.57-7.36 (m, 7H, H-Ar),
O8N 27 Bryg  6.32 (s, 1H, H-12), 5.78 (s, 1H, H-12). *C NMR (151 MHz,
12 7 CDCl3) & 165.2 (C-8), 144.4 (C-Ar), 139.7 (C-Ar), 136.1 (C-Ar),
130.0 (C-10), 129.1 (C-Ar), 128.2 (C-Ar), 124.4 (C-Ar), 123.0 (C-Ar), 121.4 (C-Ar).

N-(4-Bromo-3,5-difluorophenyl)-2-phenylacrylamide (Compound 2M)

.5 To a solution of 749 mg aniline (1.0eq.) and 1.4 mL of
F

12 6 pr13 triethylamine (1.2 eq.) in DCM (3 mL/mmol of aniline) at 0 °C,
1

18 R 20 0 5 _ ) _ )
11 4 was added acid chloride (1.2 eq.) dropwise and the solution
" 16 ° 8 H 3 2 F14 | allowed to warm up to room temperature. After 1.5 h an equal
10 7 amount of deionised water was added, and the mixture extracted
with DCM (%3). The combined organic extracts were then washed with NaHCO3 (x2), dried over
MgSO4 and reduced in vacuo to give the product which was purified by flash chromatography
(PET/EtOAC) to obtain the product in 8% yield, 101 mg. Rf 0.51 in 3:7 EtOAC:PET. *H NMR (300
MHz, CDCls) & 7.58-7.35 (m, 6H, H-Ar), 7.31-7.21 (m, 2H, H7/H18), 6.34 (d, J = 1.1 Hz, 1H, H-
10), 5.77 (d, J = 1.1 Hz, 1H, H-10).
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2.1 Synthesis of DHQs

General Method

A mixture of acrylanilide and (Ir[dF(CFs3)ppy2])dtbpy)PFs (2 mol%) in TFE and CHCl3 (4:1) were
degassed and exposed to 450 nm light over a period of 24 h. Reaction completion was monitored
using TLC. The solvent was removed in vacuo. The residue was then purified by flash

chromatography (Petroleum ether/EtOAC) to give the product.
3-Phenyl-3,4-dihydroquinolin-2(1H)-one (Compound 2N)®

Obtained according to the general method in 93% vyield, 104 mg. R¢ 0.40 in
012 3:7 EtOAC:PET. 'H NMR (300 MHz, CDCl3) § 9.14 (s, 1H, H-3) 7.35-7.20
16 (m, 5H, H-Ar), 7.18-7.07 (m, 2H, H-Ar), 6.96 (dd, J = 8.2, 6.7 Hz, 1H, H-
15 15), 6.83-6.75 (m, 1H, H-Ar), 3.86 (dd, J = 8.8, 6.9 Hz, 1H, H-5), 3.33—

13

14
3.09 (m, 2H, H-6)

7-(Tert-butyl)-3-phenyl-3,4-dihydroquinolin-2(1H)-one (Compound 20)%

Obtained according to the general method in 41% yield, 99 mg. Rt
0.35 in 3:7 EtOAC:PET. 'H NMR (300 MHz, CDCls) § 8.22 (s,
1H, H-7), 7.36-7.26 (m, 2H, H-Ar), 7.26-7.19 (m, 2H, H-Ar),
7.12-6.95 (m, 2H, H-Ar), 6.74 (d, J = 1.8 Hz, 1H, H-Ar), 3.83 (t, J
= 8.3 Hz, 1H, H-9), 3.19 (d, J = 8.3 Hz, 2H, H-10), 1.27 (s, 9H, H-
19/H-20/H-21). 3C NMR (151 MHz, CDCls) & 172.1 (C-8), 151.2 (C-Ar), 138.5 (C-Ar), 136.7 (C-
Ar), 128.6 (C-Ar), 128.2 (C-Ar), 127.6 (C-Ar), 127.2 (C-Ar), 120.4 (C-Ar), 120.2 (C-Ar), 112.4 (C-
Ar), 46.7 (C-9), 34.6 (C-18), 33.1 (C-10), 31.3 (C-19/ C-20/ C-21).
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5-(Tert-butyl)-3-phenyl-3,4-dihydroquinolin-2(1H)-one (Compound 2P)

Obtained according to the general method in 22% yield, 53 mg. R¢ 0.27
in 3:7 EtOAC:PET. 'H NMR (300MHz, CDCls) & 8.27 (s, 1H, H-7),
7.39-7.33 (m, 1H, H-Ar), 7.33-7.31 (m, 1H, H-Ar), 7.31-7.26 (m, 2H,
H-Ar), 7.25-7.22 (m, 1H, H-Ar), 7.18-7.06 (m, 2H, H-Ar), 6.70 (dd, J
=7.1,19Hz, 1H, H-Ar), 3.78 (dd, J = 10.8, 5.3 Hz, 1H, H-9), 3.55 (dd,
J=15.6, 5.3 Hz, 1H, H-10), 3.34 (dd, J = 15.6, 10.8 Hz, 1H, H-10), 1.33 (s, 9H, H-19/H-20/H-21).
13C NMR (151 MHz, CDCls3) § 172.1 (C-8), 148.3 (C-Ar), 138.3 (C-Ar), 128.7 (C-Ar), 128.3 (C-Ar),
127.3 (C-Ar), 127.1 (C-Ar), 122.4 (C-Ar), 121.2 (C-Ar), 114.2 (C-Ar), 46.6 (C-Ar), 35.6 (C-Ar), 33.5
(C-Ar), 31.3 (C-9), 30.9 (C-18), 29.7 (C-10), 22.7 (C-19/ C-20/ C-21).

6-Bromo-5,7-difluoro-3-phenyl-3,4-dihydroquinolin-2(1H)-one (Compound 2Q)

Obtained according to the general method in 100% yield, 52 mg. Ry
0.23in 2:8 EtOAC:PET. *H NMR (300 MHz, CDCl3) 6 9.22 (s, 1H, H-
3), 7.72-7.22 (m, 4H, H-Ar), 7.16 (s, 1H, H-Ar), 6.43 (dd, J = 8.6, 1.9
Hz, 1H, H-Ar), 3.81 (dd, J = 8.9, 6.6 Hz, 1H, H-5), 3.33-3.08 (m, 2H,

8-Fluoro-6-methyl-3-phenyl-3,4-dihydroquinolin-2(1H)-one (Compound 2R)

Obtained according to the general method in 22% yield, 28 mg. Rt 0.12 in
3:7 EtOAC:PET. *H NMR (300 MHz, CDCl3) 8 7.90-7.71 (broad s, 1H, H-
7), 7.44-7.27 (m, 3H, H-Ar), 7.26-7.17 (m, 2H, H-Ar), 6.85-6.71 (m, 2H,
H-Ar), 3.86 (t, J = 7.9 Hz, 1H, H-9), 3.23 (d, J = 7.9 Hz, 2H, H-10), 2.28
(s, 3H, H-19)
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7-Phenyl-7,8-dihydro-[1,3]dioxolo[4,5-g]quinolin-6(5H)-one (Compound 2S)

Obtained according to the general method in 55% yield, 276.9 mg.
Rf 0.21 in 3:7 EtOAC:PET. *H NMR (300 MHz, CDCls) & 9.28 (s,
1H, H-10), 7.25-7.13 (m, 5H, H-Ar), 6.53 (s, 1H, H-Ar), 6.31 (s,
1H, H-Ar), 5.82 (s, 2H, H-8), 3.74 (dd, J = 8.7, 6.5 Hz, 1H, H-12),

10 3.21-2.90 (m, 2H, H-13). C NMR (101 MHz, CDCls) & 172.0
(C-11), 146.9 (C-Ar), 143.4 (C-Ar), 138.2 (C-Ar), 131.0 (C-Ar), 128.7 (C-Ar), 128.1 (C-Ar), 128.0
(C-Ar), 127.4 (C-Ar), 115.6 (C-Ar), 108.2 (C-Ar), 101.2 (C-8), 97.7 (C-Ar), 46.5 (C-12), 33.4 (C-13).

Preparation of N-substituted DHQs
1-Benzoyl-3,4-dihydroquinolin-2(1H)-one (Compound 2T)8!

To 500 mg of dihydroquinoline (1 eq.) in THF at -78 °C was added 1.5 mL of nBuLi (1.1 eq.)

16 dropwise. The mixture was left to stir for 30 min, after which 0.4 mL of

17014 benzoyl chloride (1.1eq.) was added. The temperature of the reaction
18
1

10 12 3 11 mixture was allowed to gradually rise to room temperature and allowed to

2 N2 _O i . : : .
9 @ stir for 3 h. The reaction mixture was quenched with water and washed with
8 71 5 5 acid and base. The organic extracts were reduced in vacuo and the residue

was purified using flash chromatography to afford the product in 61% vyield, 524 mg. R¢ 0.37 in 3.7
EtOAC:PET. IH NMR (300 MHz, Chloroform-d) § 7.90 (d, J = 7.7 Hz, 2H, H-Ar), 7.68-7.55 (m, 1H,
H-Ar), 7.54-7.37 (m, 2H, H-Ar), 7.27 (d, J = 7.2 Hz, 1H, H-Ar), 7.21-6.97 (m,2H, H-Ar), 6.81 (d, J
= 7.8 Hz, 1H, H-Ar), 3.11 (dd, J = 8.7, 5.8 Hz, 2H, H-5), 2.81 (dd, J = 8.5, 6.0 Hz, 2H, H-6).13C
NMR (101 MHz, CDClz) 6 173.6 (C-4), 170.8 (C-12), 138.1 (C-Ar), 134.3 (C-Ar), 133.5 (C-Ar),
130.1 (C-Ar), 129.0 (C-Ar), 128.3 (C-Ar), 127.6 (C-Ar), 125.9 (C-Ar), 124.4 (C-Ar), 117.5 (C-Ar),
32.4 (C-5), 25.8 (C-6).

82



1-Benzoylpiperidin-2-one (Compound 2U)"

10 To 1.0 g of 2-piperidinone (1 eq.) in THF at -78 °C was added 7 mL of n-
o) . : : . : .
2 3 Il 15 BuLi (1.1 eq.) dropwise. The mixture was left to stir for 30 min, after which
1 14
Q’LS the 1.3 mL of benzoyl chloride (1.1 eq.) was added. The temperature of the
6 o 13 o _
5 7 12 reaction mixture was allowed to gradually rise to room temperature and

allowed to stir for 3 h. The reaction mixture was quenched with water and washed with acid and base.
The organic extracts were reduced in vacuo and the residue was purified using flash chromatography
to afford the product in 89% vyield, 1.65¢g. Rf 0.27 in 3:7 EtOAC:PET. 'H NMR (300 MHz,
Chloroform-d) & 7.45 (d, J = 7.5 Hz, 2H, H-Ar), 7.41-7.33 (m, 1H, H-Ar), 7.33-7.23 (m, 2H, H-Ar),
3.69 (t, J = 5.6 Hz, 2H, H-2), 2.45 (t, J = 6.3 Hz, 2H, H-5), 1.98-1.71 (m, 4H, H-1/H-6).13C NMR
(101 MHz, CDCls) 8 174.7 (C-4), 173.6 (C-8), 136.2 (C-Ar), 131.5 (C-Ar), 128.2 (C-Ar), 127.9
(C-Ar), 48.5 (C-Ar), 46.2 (C-Ar), 43.9 (C-2), 34.7 (C-5), 22.8 (C-1), 21.5 (C-6).

1-Allyl-3,4-dihydroquinolin-2(1H)-one (Compound 2V)®&

1 A mixture of 294.4 mg of DHQ (1 eq.) and 160 mg of NaH (3 eq.) in THF
o J o was left to stir for 30 min, after which 1 mL of allylbromide (6 eq.) was added.
0 13, N3 07 The reaction mixture was left to stir at room temperature overnight. The
@ reaction mixture was quenched with water and extracted with EtOAc. The
" 10 6 ° organic extracts were reduced in vacuo and the residue was purified using
flash chromatography to afford the product in 67% yield, 252.3 mg. R¢ 0.29 in 3:7 EtOAC:PET. 'H
NMR (300 MHz, Chloroform-d) 8 7.25-7.12 (m, 2H, H-Ar), 7.06-6.92 (m, 2H, H-Ar), 5.89 (ddt, J =
15.6, 9.9, 4.7 Hz, 1H, H-9), 5.28-5.02 (m, 2H, H-14), 4.55 (dd, J = 5.3, 2.3 Hz, 2H, H-8), 2.92 (dd, J
= 8.8, 5.9 Hz, 2H, H-5), 2.69 (dd, J = 8.8, 6.0 Hz, 2H, H-6).*C NMR (101 MHz, CDCls) § 170.1 (C-
4),139.9 (C-2), 132.6 (C-9), 127.8 (C-Ar), 127.4 (C-Ar), 126.3 (C-Ar), 122.9 (C-Ar), 116.3 (C-Ar),
115.4 (C-14), 45.1 (C-8), 31.8 (C-5), 25.6 (C-6).
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1-Benzyl-3,4-dihydroquinolin-2(1H)-one (Compound 2W)&

A mixture of 1.5 g of dihydroquinolinone (1 eq.), 6.5 g of cesium carbonate
(2 eq.) and 2.4 mL of benzyl bromide (2 eg.) in ACN was refluxed at 85 °C
3 L 14 overnight. The reaction mixture was washed with water and extracted with
2 WMz EtOAc. The organic extracts were reduced under pressure and the residue
2 9 was purified using flash chromatography to afford the product in 90% yield,
2.14 9. R 0.39 in 3:7 EtOAC:PET. 'H NMR (300 MHz, CDCl3) & 7.40—
7.15 (m, 6H, H-Ar), 7.15-7.05 (m, 1H, H-Ar), 7.03-6.93 (m, 1H, H-Ar), 6.87 (d, J = 8.1 Hz, 1H, H-
Ar), 5.19 (s, 2H, H-11), 2.99 (dd, J = 8.8, 5.8 Hz, 2H, H-9), 2.80 (dd, J = 8.7, 5.8 Hz, 2H, H-10).13C
NMR (101 MHz, CDCl3) 6 170.6 (C-8), 139.9 (C-Ar), 137.0 (C-Ar), 128.8 (C-Ar), 127.9 (C-Ar),
127.5 (C-Ar), 127.1 (C-Ar), 126.4 (C-Ar), 123.0 (C-Ar), 115.6 (C-Ar), 77.4 (C-Ar), 77.1 (C-Ar), 76.8
(C-Ar), 46.2 (C-11), 31.9 (C-9), 25.6 (C-10).

3-(2-Oxo0-3,4-dihydroquinolin-1(2H)-yl)propanenitrile (Compound 2X)

15 A mixture of 1.47 g of DHQ (1 eq.), 6.52 g of cesium carbonate (2 eg.) and 1

|N|14 mL of bromopropionitrile (2 eg.) in ACN was refluxed at 85 °C overnight. The

8 Ag reaction mixture was washed with water and extracted with EtOAc. The

» ~2 N2 _ o7 organic extracts were reduced under pressure and the residue was purified

@i using flash chromatography to afford the product in 82% yield, 1.64 g. Rf0.26

in 3:7 EtOAC:PET. 'H NMR (300 MHz, Chloroform-d) 6 7.30-7.18 (m, 1H,

H-Ar), 7.15 (d, J = 7.4 Hz, 1H, H-Ar), 7.06-6.76 (m, 2H, H-Ar), 4.19 (t, J = 7.2 Hz, 2H, H-8), 2.87

(dd, J = 8.7, 6.0 Hz, 2H, H-9), 2.71 (t, J = 7.2 Hz, 2H, H-5), 2.66-2.35 (m, 2H, H-6).23C NMR (101

MHz, CDCl3) 4 170.5 (C-4), 138.7 (C-Ar), 128.5 (C-Ar), 127.8 (C-Ar), 126.7 (C-Ar), 123.6 (C-Ar),
117.5 (C-Ar), 114.4(C-14), 38.3 (C-8), 31.7 (C-5), 25.4 (C-6), 16.0 (C-9).
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1-Benzyl-7-methoxy-3,4-dihydroquinolin-2(1H)-one (Compound 2Y)

A mixture of 354 mg of DHQ (1 eq.), 1.3 g of cesium carbonate (2

20 2 18 eg.) and 0.5 mL of benzyl bromide (2 eq.) in ACN was refluxed at 85

T 13147 161517 C overnight. The reaction mixture was washed with water and
12/0\@’\‘5%) extracted with EtOAc. The organic extracts were reduced under
1 v 9 pressure and the residue was purified using flash chromatography to

afford the product in 96% vyield, 511.5mg. Rf 0.27 in 3:7
EtOAC:PET. *H NMR (300 MHz, Chloroform-d) & 7.47 — 7.16 (m, 5H, H-Ar), 7.11 (d, J = 8.1 Hz,
1H, H-Ar), 6.63 — 6.32 (m, 2H, H-Ar), 5.21 (s, 2H, H-13), 3.71 (s, 3H, H-12), 2.96 (dd, J = 8.8, 5.6
Hz, 2H, H-9), 2.82 (dd, J = 8.7, 5.6 Hz, 2H, H-10).23C NMR (101 MHz, CDCl3) § 170.8 (C-8), 159.0
(C-Ar), 140.9 (C-Ar), 137.0 (C-Ar), 128.8 (C-Ar), 128.3 (C-Ar), 127.1 (C-Ar), 126.5 (C-Ar), 118.5
(C-Ar), 107.0 (C-Ar), 103.2 (C-Ar), 55.3 (C-13), 46.3 (C-12), 32.3 (C-9), 24.8 (C-10).

Tert-butyl 2-oxo0-3,4-dihydroquinoline-1(2H)-carboxylate (Compound 27)%

441.6 mg of DHQ (1 eq.) and 0.5 mL of TEA (1.1 eq.) were dissolved in 6
mL of DCM and the reaction vessel was placed in an ice-bath. 785.7 mg of

16
15 17

180YO1; (Boc)20 (1.2 eq.) and 18.3 mg DMAP (cat) were added to the mixture and
the resultant solution was allowed to warm to RT and stirred for 6 h. The
11 1 5 reaction mixture was quenched with saturated NH4Clg). The organic layer
was extracted with DCM and dried over anhydrous MgSOs4. The organic
extracts were reduced under pressure and the residue was purified using flash chromatography to
afford the product in 84% yield, 625.5 mg. Rf 0.42 in 3:7 EtOAC:PET. 'H NMR (300 MHz,
Chloroform-d) 6 7.30 — 7.12 (m, 2H, H-Ar), 7.12-6.99 (m, 1H, H-Ar), 6.94 (d, J = 8.0 Hz, 1H, H-Ar),
2.95(dd, J=8.6, 5.9 Hz, 2H, H-5), 2.66 (dd, J = 8.6, 5.8 Hz, 2H, H-6), 1.60 (s, 9H, H-15/H-16/H-17).
13C NMR (101 MHz, CDCls) & 169.4 (C-4), 151.8 (C-8), 137.1 (C-Ar), 128.0 (C-Ar), 127.3 (C-Ar),
125.9 (C-Ar), 124.1 (C-Ar), 117.0 (C-Ar), 85.0 (C-14), 32.3 (C-5), 27.7 (C-15/C-16/C-17), 25.5 (C-
6).
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3.0 Synthesis of Medium-Sized Rings

3.1 Synthesis Starting from B-keto Esters

3-({[(9H-fluoren-9-yl) methoxy] carbonyl} amino)-3-phenylpropanoic acid (Compound 3A)%

7.4 g (44.9 mmol) of g-phenylalanine was dissolved in
96 mL of boiling 10% aqueous sodium carbonate
solution. 12.8g (49.4 mmol) of 9-fluorenylmethyl
chloroformate (Fmoc-Cl) was dissolved in 80 mL of

dioxane and added dropwise to the solution of f-

phenylalanine in aqueous potassium carbonate. The
reaction was left at room temperature (RT) overnight. The reaction mixture was diluted with water
and stripped three times with diethyl ether. The aqueous layer was acidified with 6 N HCI to a pH of
2 and extracted with ethyl acetate x 3. The organic extracts were dried over MgSQO4 and concentrated
in vacuo to obtain the crude product. The product was recrystallized by dissolving in hot diethyl ether
and adding petroleum ether. The product was filtered under reduced pressure and dried under vacuum.
The product was obtained as a white solid in 81 % vyield, 14 g. Rf 0.20 in 100% EtOAc. *H NMR
(300 MHz, CDCl3) & 12.70-11.70 (broad s, 1H, H-23), 7.93 (d, J = 8.6 Hz, 1H, H-17), 7.85 (d, J =
7.7 Hz, 2H, H-Ar), 7.65 (d, J = 7.6 Hz, 2H, H-Ar), 7.47-7.34 (m, 2H, H-Ar), 7.34-7.25 (m, 5H, H-
Ar), 7.25-7.11 (m, 2H, H-Ar), 4.93 (td, J = 8.5, 6.0 Hz, 1H, H-1), 4.32-4.19 (m, 2H, H-14), 4.19-
4.09 (m, 1H, H-19), 2.75-2.50 (m, 2H, H-20)
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Ethyl 1-(3-{[(9H-fluoren-9-yl)  methoxy]  carbonyl}  amino-3-phenylpropanoyl)-2-

oxocyclohexanecarboxylate (Compound 3B)*

A mixture of 0.16 mL (1 mmol) of ethyl-2-oxocyclohexane
carboxylate, 190.4 mg (2 mmol) of magnesium chloride and
0.5 mL (6 mmol) of pyridine in 7 mL of DCM was stirred at
RT for 30 min. Freshly prepared acid chloride (3 mmol) was
dissolved in 3 mL of DCM and added to the mixture. The
reaction mixture was left to stir overnight at RT. The reaction

mixture was diluted with 63 mL of DCM and washed with

63 mL of 10% HCI (aq). The aqueous layer was extracted with
three times with DCM. The combined organic extracts were dried over magnesium sulphate. The
product was purified using silica gel chromatography with ethyl acetate and petroleum ether, 5%
ethyl acetate to 15% ethyl acetate. The product was an off-white solid isolated in 23% yield, 101 mg.
Rf0.21in 3:7 EtOAc:Hexane. *H NMR (400 MHz, DMSO-ds) 8 7.83 (d, J = 7.7 Hz, 2H, H-Ar), 7.71
(dd, J=16.1, 8.5 Hz, 1H, H-11), 7.65-7.57 (m, 2H, H-Ar), 7.39-7.32 (m, 2H, H-Ar), 7.31-7.21 (m,
6H, H-Ar), 7.21-7.15 (m, 1H, H-Ar), 5.09-4.88 (m, 1H, H-10), 4.32-4.18 (m, 2H, H-31), 4.19-3.91
(m, 3H, H-16/H-17), 3.10-2.96 (m, 1H, H-9), 2.94-2.79 (m, 1H, H-9), 2.42-2.34 (m, 1H, H-4), 2.34—
2.30 (m, 1H, H-4), 2.30-2.22 (m, 1H, H-1), 2.22-2.07 (m, 1H, H-1), 1.81-1.60 (m, 2H, H-3), 1.57-
1.37 (m, 2H, H-2), 1.16 — 1.01 (m, 3H, H-32). 3C NMR (101 MHz, DMSO) & 204.9 (C-6), 201.5
(C-8), 167.6 (C-7), 155.1 (C-13), 143.8 (C-Ar), 143.7 (C-Ar), 142.7 (C-Ar), 142.7 (C-Ar), 140.6 (C-
Ar), 130.0 (C-Ar), 128.8 (C-Ar), 128.2 (C-Ar), 128.0 (C-Ar), 127.5 (C-Ar), 127.0 (C-Ar), 126.9 (C-
Ar), 126.4 (C-Ar), 126.2 (C-Ar), 125.0 (C-Ar), 120.0 (C-Ar), 74.6 (C-5), 65.2 (C-31), 61.7 (C-16),
50.0 (C-10), 46.6 (C-17), 45.9 (C-9), 40.6 (C-4), 31.6 (C-1), 25.9 (C-3), 20.8 (C-2), 13.7 (C-32).

87



Ethyl 4,10-dioxo-2-phenylazecane-5-carboxylate/(Z)-ethyl 4-hydroxy-10-oxo-2-phenyl-
1,2,3,6,7,8,9,10-octahydroazecine-5-carboxylate (Compound 3C)*

A mixture of 101 mg (0.2 mmol) of 3B and
0.2 mL (2 mmol) of piperidine in 2 mL of DCM
was stirred for 1 h at RT. The reaction mixture
was washed with 1 M HCI. The aqueous layer was
extracted three times with DCM. The combined
organic extracts were dried over MgSO4 and

concentrated under vacuum. The product was

purified using silica gel chromatography and isolated in 40% vyield, 58.7 mg. Rs 0.20 in 5:5
EtOAc:Hexane. 'H NMR (300 MHz, CDCls) § 12.72-12.57 (broad s, 1H, enol H-13), 8.76-8.32 (m,
1H, H-5), 7.37-7.27 (m, 4H, H-Ar), 7.27-7.18 (m, 1H, H-Ar), 5.30-5.13 (m, 1H, H-10), 4.43-4.27
(m, 1H, keto H-7), 4.13-3.98 (m, 2H, H-16), 3.26-3.13 (m, 1H, H-9), 2.65-2.50 (m, 1H, H-9), 2.41-
2.31 (m, 1H, H-4), 1.90-1.79 (m, 1H, H-4), 1.78-1.32 (m, 5H, H-1/H-2/H-3), 1.17-1.06 (m, 3H, H-
17), 1.06-0.93, (m, 1H, H-2). 13C NMR (101 MHz, DMSO) & 205.7 (C-8), 171.7 (C-7), 168.9 (C-6),
141.8 (C-Ar), 141.4 (C-Ar), 128.3 (C-Ar), 127.1 (C-Ar), 126.1 (C-Ar), 126.1 (C-Ar), 60.9 (C-16),
55.6 (C-7), 50.7 (C-10), 49.2 (C-9), 36.3 (C-4), 25.7 (C-1), 22.3 (C-3), 21.2 (C-2), 13.9 (C-17).

Ethyl 4,9-dioxo-2-phenylazonane-5-carboxylate/(Z)-ethyl 4-hydroxy-9-oxo-2-phenyl-
2,3,6,7,8,9-hexahydro-1H-azonine-5-carboxylate (Compoun d 3D)*

11 16 16
A mixture of 0.12 mL (0.8 mmol) of ethyl-2-oxocyclopentane carboxylate, 152.3 mg (1.6 mmol) of

magnesium chloride and 0.5 mL (6 mmol) of pyridine in 7 mL of DCM was stirred at RT for 30 min.
Freshly prepared acid chloride (2.4 mmol) was dissolved in 3 mL of DCM and added to the mixture.
The reaction mixture was left to stir overnight at RT. The reaction mixture was diluted with 63 mL
of DCM and washed with 63 mL of 10% HCI (aq). The aqueous layer was extracted with three times
with DCM. The combined organic extracts were dried over magnesium sulphate. The crude product
was redissolved in 8 mL of DCM and 0.8 mL of piperidine were added. The mixture was stirred for

1 h at RT. The reaction mixture was washed with 1 M HCI. The aqueous layer was extracted three
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times with DCM. The combined organic extracts were dried over MgSO4 and concentrated under
vacuum. The product was purified using silica gel chromatography and isolated in 60% yield over
the 2 steps, 30.5 mg. Rr 0.20 in 3:7 EtOAc:Hexane. 'H NMR (300 MHz, CDCl3) & 12.94-12.75
(broad s, 1H, enol H-11), 8.81-7.92 (m, 1H, H-5), 7.55-7.04 (m, 5H, H-Ar), 5.06 (t, J = 10.8 Hz, 1H,
H-9), 4.36-3.89 (m, 2H, H-15), 3.36-3.04 (m, 2H, keto H-6), 3.02-2.85 (m, 1H, H-8), 2.85-2.55 (m,
1H, H-8), 2.46-2.19 (m, 2H, H-4), 2.12-1.44 (m, 4H, H-2/H-3), 1.26 (t, J = 7.1 Hz, 2H, H-16), 1.20-
1.09 (m, 1H, H-186).

3.2 Synthesis Starting from Lactams

4-Phenyl-1,5-diazecane-2,6-dione (Compound 3E)®

16 A mixture of 3-valerolactam (198.3 mg, 2 mmol), DMAP (24.4 mg, 0.2 mmol)

12 17 and pyridine (1 mL, 12 mmol) in DCM (15 mL) under an argon atmosphere

70 1318 was stirred at RT for 30 mins. Next, a solution of acid chloride (3 mmol, 1.50

1 @\4 809 eq. freshly prepared) in DCM (3 mL) was added and the resulting mixture was

2 3 11 ” O 42 refluxed at 50 °C for 16 h. The mixture was then diluted with DCM (30 mL)
5

and washed with 10% ag. HCI (30 mL). The aqueous layer was then extracted
with DCM (3 x 30 mL) and the combined organic extracts dried over MgSO4 and concentrated in
vacuo. The crude material was then re-dissolved in DCM (2 mL) and DBU (0.2 mL, 1.7 mmol) was
added, followed by stirring at RT overnight, before the solvent was removed in vacuo. The compound
was purified by flash column chromatography and obtained as a solid in 12% yield, 5.2 mg. R¢ 0.01
in 6:3 EtOAc:Hexane. *H NMR (300 MHz, CDCls) 6 7.59-7.38 (broad s, 1H, H-11), 7.33-7.22 (m,
5H, H-Ar), 4.85-4.71 (m, 1H, H-10), 3.90-3.74 (m, 1H, H-9), 3.60-3.49 (m, 1H, H-9), 2.90-2.63 (m,
4H, H-1/H-4), 1.86-1.72 (m, 4H, H-2/H-3).
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1-Acryloylpiperidin-2-one (Compound 3F)%

o A mixture of acrylic acid (1 eq.), benzoyl chloride (2 eq.) and a very small

0 amount (0.0015 eq.) of hydroquinone were allowed to heat up under vacuum

11\10)2%@3 with a distillation setup. The fractions were collected at 75 °C. The freshly

70 5 4 distilled acid chloride was immediately used for the next reaction. To 2-
piperidinone (1 eq.) in dry THF under argon at 0 °C, MeMgBr (1.1 eq.) was added over 30 min. The
reaction was allowed to stir for 10 min after this. The freshly prepared acryloyl chloride (1.5 eq.) was
then added and the reaction was allowed to stir for 30 min. The reaction was washed with 10 mL
saturated ammonium chloride solution and extracted with 10 mL x 3 diethyl ether. The organic
extracts were washed with 10 mL sodium hydrogen carbonate and dried over magnesium sulphate.
The organic extracts were dried in vacuo and the product was purified using silica gel
chromatography. The product was obtained as a clear yellow oil in 23% yield, 356.9 mg. R 0.38 in
100% EtOAc. 'H NMR (300 MHz, CDCls) 6 6.91 (dd, J = 16.9, 10.3 Hz, 1H, H-10), 6.26 (d, J =
17.2 Hz, 1H, H-11), 5.63 (d, J = 9.8 Hz, 1H, H-11), 3.71-3.61 (m, 2H, H-2), 2.57-2.43 (m, 2H, H-
5), 1.86-1.68 (m, 4H, H-3/H-4). *C NMR (101 MHz, CDClIs) § 173.75 (C-6), 169.59 (C-8), 131.90
(C-10), 127.86 (C-11), 44.15 (C-2), 34.77 (C-5), 22.45 (C-4), 20.65 (C-3).

5-Benzyl-1,5-diazecane-2,6-dione (Compound 3G)®

A mixture of l-acryloylpiperidin-2-one (1eq.) and benzylamine

19 L 17 = (1 eq.) in methanol was allowed to stir under argon for4 hat RT. The

12 13 16 = reaction mixture was washed with base and extracted with EtOAc and

1Mo _24gN2 18 14 the solvent was dried over MgSO4 and reduced in vacuo. The product
’ HN6 3 8 . was purified using silica gel chromatography (EtOAc, PET and

2 4 MeOH) to obtain a white solid in 36 % yield, 204.9 mg. Rf 0.01 in

100% EtOAc. *H NMR (300 MHz, CDCls) § 7.40-7.27 (m, 5H, H-Ar), 5.24-4.98 (m, 1H, H-1), 4.85
(d, J = 14.0 Hz, 1H, H-12), 4.48 (d, J = 14.5 Hz, 1H, H-12), 4.06-3.90 (m, 1H, H-10), 3.90-3.71 (m,
1H, H-10), 3.4-3.21 (m, 1H, H-2), 3.02-2.80 (M, 1H, H-2), 2.79-2.58 (m, 1H, H-7), 2.28-2.10 (m,
3H, H-5/H-7), 2.08-1.90 (m, 1H, H-3), 1.72-1.67 (m, 1H, H-3), 1.67-1.59 (m, 1H, H-4), 1.59-1.49
(m, 1H, H-4). 3C NMR (101 MHz, CDCls) & 174.0 (C-8), 171.0 (C-6), 138.2 (C-Ar), 129.0 (C-Ar),
128.9 (C-Ar), 128.3 (C-Ar), 127.9 (C-Ar), 126.7 (C-Ar), 49.6 (C-12), 45.5 (C-10), 39.3 (C-2), 37.8
(C-5), 28.3 (C-7), 25.9 (C-4), 23.9 (C-3).
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1-(3-Bromopropyl)-3,4-dihydroquinolin-2(1H)-one (Compound 3J)

To a solution of 601 mg 3,4-dihydro-2(1H)-quinolinone in THF, 607.9 mg of

! ©\5/\/£ NaH was added and the mixture was left to stir for 30 min at RT. 8 mL of 1,3-

: 4(18 0,, dibromopropane were added and the reaction was left to stir overnight at RT.

12 Hj The reaction was quenched with water and the extracted with EtOAc. The

4 B, solvent was dried over MgSO4 and reduced in vacuo and the product purified

by column chromatography to obtain the product in 23% yield. *H NMR (300 MHz, Chloroform-d)

8 7.09-6.90 (m, 4H, H-Ar), 4.12-3.94 (m, 2H, H-12), 3.45 (t, J = 6.5 Hz, 2H, H-14), 2.88-2.80 (m,

2H, H-9), 2.64-2.56 (m, 2H, H-10), 2.30-2.11 (m, 2H, H-13). 3C NMR (151 MHz, Chloroform-d)

6 170.0 (C-8), 139.4 (C-Ar), 127.8 (C-Ar), 127.4 (C-Ar), 126.3 (C-Ar), 122.8 (C-Ar), 115.4 (C-Ar),
41.2 (C-12), 31.8 (C-14), 31.8 (C-10), 30.3 (C-9), 25.5 (C-13).

2,3,4,5,7,8-Hexahydrobenzo[f][1,5]diazecin-6(1H)-one (Compound 3L)

A mixture of 1 eq. compound 3J, 2 eq. NaNs, H20 and THF were refluxed at 80 °C
to obtain and azide which was carried forward crude. A mixture of the azide, Et,O
and PPhs was stirred at 0 °C for 1.5 h. H.O was added to the reaction mixture and it
was left to stir at RT overnight. The product was extracted with EtOAc and the

solvent was dried over MgSQO4 and reduced in vacuo. The product was purified using
silica gel chromatography (PET/EtOAc/MeOH) and obtained as a mixture with TPO.
IH NMR (300 MHz) & 8.69-8.55 (m, 1H) 7.22-6.79 (m, 4H), 4.17-3.72 (m, 2H), 3.29-2.93 (m, 2H),
2.91-2.33 (m, 4H), 2.09-1.68 (m, 2H), 0.97-0.64 (m, 1H).
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(9H-Fluoren-9-yl)methylbenzyl(3-oxo0-3-(2-0x0-3,4-dihydroquinolin-1(2H)-yl)-1-
phenylpropyl)carbamate (Compound 3M)

To a solution of 824mg 3,4-dihydro-2(1H)-
quinolinone in 10 mL THF at -78 °C, 2.5 mL of n-BuLi
(2.5 M in hexanes) was added and the mixture was left
to stir for 30 min. Freshly prepared acid chloride was

10 added at 0 °C and the reaction was left to stir at RT

overnight. The reaction was quenched with 1 M HClaq)
and the extracted with EtOAc. The solvent was dried over MgSO4 and reduced in vacuo and the
product purified by silica gel chromatography (PET/EtOACc) to obtain the product in 16% Yyield.
IH NMR (300 MHz, Chloroform-d) & 7.77 (d, J = 7.7 Hz, 2H, H-Ar), 7.71-7.39 (m, 4H, H-Ar), 7.34
(d, J = 10.0 Hz, 9H, H-Ar), 7.22-6.58 (m, 7H, H-Ar), 5.52-5.09 (m, 1H, H-14), 4.80-4.42 (m, 3H,
H-28/H-29), 4.39-4.06 (m, 2H, H-19), 4.05-3.31 (m, 2H, H-12), 2.91-2.39 (m, 4H, H-9/H-10).
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4.0 SYNTHESIS OF QUINOLINONES

1,6-Dimethyl-3-phenylquinolin-2(1H)-one (Compound 4A)%

A mixture of 41 mg of N-methy! dihydroquinolinone (1 eq.), 4.2 mg
of Cu(acac). (10 mol%), 75.7 mg of NFSI (1.5 eq.) and 15.4 mg of
MeOH (3.0 eq.) in ACN was refluxed at 80 °C under argon for 24 h.

The reaction mixture was concentrated under reduced pressure and

purified by column chromatography (Hexanes/EtOAc) to afford the
product in 52% yield, 21.2 mg. Rf0.44 in 1:1 EtOAC:PET. *H NMR (300MHz, CDCl3) § 7.79-7.63
(m, 3H, H-Ar), 7.50-7.33 (m, 5H, H-Ar), 7.32-7.27 (m, 1H, H-10), 3.78 (s, 3H, H-12), 2.44 (s, 3H,
H-11).

1-Benzylquinolin-2(1H)-one (Compound 4B)®’

- A mixture of 118.7 mg of N-benzyl dihydroquinolinone (1 eq.), 236.5 mg
ij of NFSI (1.5 eq.) and 24.7 mg of CTX (20 mol%) in ACN was degassed
13

11 15 and exposed to 405 nm light for 2 h. The reaction mixture was concentrated

2 @/\%@12 under reduced pressure and purified by flash chromatography (PET/EtOAc)
1 R A9 to afford the product in 45% yield, 52.6 mg. R¢ 0.25 in 3:7 EtOAC:PET.

IH NMR (300 MHz, CDClg) 6 7.72 (d, J = 9.4 Hz, 1H, H-9), 7.53 (d, J =
7.7 Hz, 1H, H-Ar), 7.45-7.33 (m, 1H, H-Ar), 7.33-7.05 (m, 7H, H-Ar), 6.80 (d, J = 9.4 Hz, 1H, H-
10), 5.53 (s, 2H, H-11). *C NMR (101 MHz, CDCls)  162.6 (C-8), 139.8 (C-10), 139.4 (C-Ar),
136.3 (C-Ar), 130.8 (C-Ar), 128.9 (C-Ar), 128.8 (C-Ar), 127.3 (C-Ar), 126.6 (C-Ar), 122.4 (C-Ar),
121.5 (C-Ar), 121.0 (C-9), 115.1 (C-Ar), 46.0 (C-11).

6 10

2H-Chromen-2-one (Compound 4C)™

0 3 o A mixture of dihydroquinolinone (1 eq.), NFSI (1.5 eq.) and CTX (20 mol%)
4 in ACN was degassed and exposed to 405 nm light for 2 h. The reaction

7 s/ i mixture was concentrated under reduced pressure and purified by flash
chromatography (PET/EtOAc) to afford the product in 66% vyield, 192.2 mg. Rt 0.29 in 3.7
EtOAC:PET. IH NMR (300 MHz, Chloroform-d) § 8.00 (d, J = 8.0 Hz, 2H, H-Ar), 7.82-7.67 (m, 1H,

H-5), 7.65-7.55 (m, 2H, H-Ar), 7.55-7.21 (m, 1H, H-6).
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Quinolin-2(1H)-one (Compound 4D)™

A mixture of 50 mg of dihydroquinolinone, 160.8 mg of NFSI and 37.5 mg

ZI~N

3 o 11 | of [Cu(dmp).CI]CI in acetonitrile was degassed and left subjected to 450 nm

2

1©{3\/8jg with stirring overnight. The solvent was removed in-vacuo and the reaction
6 10 mixture was purified by flash chromatography (PET/EtOAC) to obtain the

product as an off-white solid in 62% yield, 30.5 mg. (75 % yield with CTX as catalyst). Rr 0.14 in

3:2 EtOAC:PET. 'H NMR (300 MHz, CDCls) 8 12.87 (s, 1H, H-7), 7.82 (d, J = 9.5 Hz, 1H, H-9),

7.62-7.35 (m, 3H, H-Ar), 7.25-7.08 (m, 1H, H-Ar), 6.73 (d, J = 9.5 Hz, 1H, H-10). 3C NMR (101

MHz, CDCl3) 8 164.8 (C-8), 141.1 (C-10), 138.5 (C-Ar), 130.7 (C-Ar), 127.8 (C-Ar), 122.7 (C-Avr),

121.3 (C-9), 119.9 (C-Ar), 116.3 (C-Ar).

1-Allylquinolin-2(1H)-one (Compound 4E)°

1 A mixture of 100 mg of N-allyl dihydroquinolinone, 236.5 mg of NFSI and

829 55 mg of [Cu(dmp).CI]CI in acetonitrile was degassed and subjected to

13N 450 nm light with stirring overnight. The solvent was removed in-vacuo and

3 o7
:@O the reaction mixture was purified by flash chromatography (PET/EtOAC) to

10 6 obtain the product in 54% yield, 50.1 mg. Rf 0.26 in 3:7 EtOAC:PET. ‘H
NMR (300 MHz, Chloroform-d) & 7.68 (d, J = 9.5 Hz, 1H, H-5), 7.62-7.41 (m, 2H, H-Ar), 7.30 (d,
J =85 Hz, 1H, H-Ar), 7.24-7.06 (m, 1H, H-Ar), 6.71 (d, J = 9.4 Hz, 1H, H-6), 5.94 (ddt, J = 16.0,
10.1, 4.8 Hz, 1H, H-14), 5.19 (d, J = 10.5 Hz, 1H, H-14), 5.06 (d, J = 17.3 Hz, 1H, H-9), 4.99-4.80
(m, 2H, H-8). 3C NMR (101 MHz, CDCls) & 162.0 (C-4), 139.5 (C-6), 139.3 (C-Ar), 131.7 (C-9),
130.6 (C-Ar), 129.1 (C-Ar), 128.8 (C-Ar), 122.2 (C-Ar), 121.6 (C-5), 120.8 (C-14), 117.0 (C-Ar),

44.6 (C-8).
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7-Phenyl-[1,3]dioxolo[4,5-g]quinolin-6(5H)-one (Compound 4F)°

A mixture of 30 mg of dihydroquinolinone, 47.3 mg of NFSI and
11 mg of [Cu(dmp).CI]CI in acetonitrile was degassed and subjected
to 450 nm light with stirring overnight. The solvent was removed in-
vacuo and the reaction mixture was purified by flash chromatography
(PET/EtOAC) to obtain the product in 32 % vyield, 8.4 mg. R¢0.10 in
3:7 EtOAC:PET. 'H NMR (300 MHz, DMSO-dg) & 11.88 (s, 1H, H-10), 7.98 (s, 1H, H-13), 7.73 (d,
J =75 Hz, 2H, H-Ar), 7.54-7.26 (m, 4H, H-Ar), 6.84 (s, 1H, H-Ar), 6.10 (s, 2H, H-8).23C NMR
(101 MHz, DMSO) 6 160.7 (C-11), 150.0 (C-Ar), 143.2 (C-Ar), 137.4 (C-13), 136.5 (C-12), 135.4
(C-Ar), 128.4 (C-Ar), 128.4 (C-Ar), 127.9 (C-Ar), 127.4 (C-Ar), 113.9 (C-Ar), 105.3 (C-Ar), 101.7
(C-Ar), 94.7 (C-8).

1-Benzyl-7-methoxyquinolin-2(1H)-one (Compound 4G)

19 A mixture of 100 mg of dihydroquinolinone, 189 mg of NFSI and
20 18

15 44 mg of [Cu(dmp).CI]CI in acetonitrile was degassed and subjected
4

1 17

to 450 nm light with stirring overnight. The solvent was removed in-

8.5 34 Ng _B13
ad m vacuo and the reaction mixture was purified by flash chromatography

1 6 12/ R (PET/EtOAC) to obtain the product in 28% vyield, 27.1 mg. Rs 0.18 in
3:7 EtOAC:PET. 'H NMR (300 MHz, Chloroform-d) & 7.56 (d, J = 9.4 Hz, 1H, H-11), 7.35 (d, J =
8.6 Hz, 1H, H-Ar), 7.25-7.04 (m, 5H, H-Ar), 6.73-6.48 (m, 3H, H-Ar//H-12), 5.42 (s, 2H, H-14),
3.63 (s, 3H, H-7).1*C NMR (101 MHz, CDCl3) & 163.0 (C-Ar), 161.7 (C-10), 141.1 (C-Ar), 139.4
(C-Ar), 136.4 (C-12), 130.1 (C-Ar), 128.9 (C-Ar), 127.3 (C-Ar), 126.7 (C-Ar), 118.4 (C-Ar), 115.2

(C-11), 110.0 (C-Ar), 99.6 (C-Ar), 55.5 (C-7), 46.1 (C-14).
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7-(Tert-butyl)-3-phenylquinolin-2(1H)-one (Compound 4H)

A mixture of 24.4 mg of dihydroquinolinone, 47.3 mg of NFSI and
11 mg of [Cu(dmp)2CI]CI in acetonitrile was degassed and
subjected to 450 nm light with stirring overnight. The solvent was
removed in-vacuo and the reaction mixture was purified by flash
chromatography (PET/EtOAC) to obtain the product in 47% yield,
11.3 mg.'H NMR (300 MHz, Chloroform-d) & 12.05 (s, 1H, H-7), 7.93 (s, 1H, H-10), 7.85 (d, J =
7.5 Hz, 2H, H-Ar), 7.56 (d, J = 8.3 Hz, 1H, H-Ar), 7.51-7.38 (m, 4H, H-Ar), 7.30 (d, J = 8.3 Hz, 1H,
H-Ar), 1.39 (s, 9H, H-19/H-20/H-21).13C NMR (101 MHz, CDCls) & 163.4 (C-8), 154.4 (C-Ar),
138.1 (C-10), 138.1 (C-9), 136.3 (C-Ar), 131.3 (C-Ar), 129.0 (C-Ar), 128.2 (C-Ar), 128.0 (C-Ar),
127.5 (C-Ar), 120.9 (C-Ar), 118.2 (C-Ar), 112.0 (C-Ar), 35.2 (C-18), 31.1 (C-19/C-20/C-21).

7-Methoxyquinolin-2(1H)-one (Compound 41)%

. A mixture of 300 mg of dihydroquinolinone (1 eq.), 819.8 mg of NFSI

8 , 34 H o1 (L5eq.) and 83.9 mg of CTX (20 mol%) in ACN was degassed and

5 exposed to 405 nm light for 2 h. The reaction mixture was concentrated

6 10 i under reduced pressure and purified by flash chromatography

(PET/EtOAC) to afford the product in 48% vyield, 141.5 mg. *H NMR (300 MHz, Chloroform-d) &

12.61 (s, 1H, H-7), 7.73 (d, = 9.4 Hz, 1H, H-9), 7.43 (d, J = 8.7 Hz, 1H, H-Ar), 7.00-6.72 (m, 2H,
H-Ar), 6.56 (d, J = 9.3 Hz, 1H, H-10), 3.90 (s, 3H, H-12).
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