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Abstract

Part A: Synthesis ofN-heterocycles with dual pharmacology for the treatment of
asthma

The most common and effective amtilammatory asthma treatment is dad out
through use of steroidsut these ca have sigificant side effects.An alternative non
steroidd oral treatment is montelukasthich targets the leukotriene inflammatory
pathway, but is less effective at controlling asthma symptoms. The asthma
inflammation pathway is complex involving many inflantoy mediatorsand it was
anticipated that a compound wittual pharmacology which impacté&dth leukotriene

and prostaglandin pathways simultaneously would yield compounds with an enhanced
ability to treat asthma. An attractivevel dual targestratey wasthe inhibition of the
5-lipoxygenase activating protein (FLAP) and antagonism of the prostaglandin D
receptor CRTh2 A combination of GlaxoSmithKline and literature SAR studies were
elaborated in the design of the target compounds, incorporatowrkpharmacophores

for FLAP inhibitors and CRTh2 antagonists. Synthetic routes towards the target
compounds were developed and their biological activiigirestthe intended targets

determined.

Part B: Synthesis of tetrahydroisoquinolines, tetrahydrobezazepines and profens

and their antimycobacterial properties

Tuberculosig(TB) is an infectious disease caused by Mycobacterium tuberculosis
pathogen. The increasing prevalence of drug resistant straistoberculosismeans
there is an urgent ndeto develop new anfiB drugs with novel modes of action.
Aporphine alkaloid natural productsand synthetic tetrahydroisoquinolindsave
demonstrated a specific amjcobacterial effect, as well ad. tuberculosisMurE
inhibitory activity. The tetrahydrisoquinoline skeleton therefore providasunique
template for the development of new anB drugs. Recently we developed
biomimetic reaction conditions for the Pict&pengler condensation of aldehydes and
amines into tethydroisoquinolines. The rd&mn is mediated by phosphate and

proceeds under mild reaction conditionBhe scope of the phosphate mediated Rictet



Spengler reaction was investigated order toaccess novel alkaloid structures and
identify new leads for mycobacterial growth inhibgor Studies into asymmetric
versions of the reaction using chiral phosphates and extending the reactitre for

construction of larger ring sizes were explored.

Another interesting class of compounds recently identified as active against
mycobacteria growth were norsteroidal antinflammatory drugs (NSAIDsysuch as
ibuprofen. Analogues of profen compoundswere synthesisedor evaluation as
mycobacterial growth inhibitors
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Part A: Synthesis ofN-heterocycles with dual pharmacology for the
treatment of asthma

1. Introduction

1.1 Asthma- definition

Asthma is a chronic inflammatory disorder of the airwalitsis typically characterised

by airflow obstruction, airway hypgesponsiveness, infiltration of inflammatory cells

to the airways and airway remodelling, rigslg in symptoms such as coughing,
wheezing, breathlessness and chest tightheShe symptoms are often triggered by
stimuli such as allergens, environmental exposure, exercise, chemical irritation, viral

illnessexnr emotional stress.

The definition ofasthma is broad andescribes a number of differeatibgroupsor
phenotypeof the disease Different phenotypegan bedefined by eithethe clinical
symptomsandresponse to treatmertr by theunderlying chemical mechanisms which
are still not fully understood. Recognising asthma as a heterogeneous disease is
important withrespect tothe development of an@ésthma drugsas drugs targeing

multiple asthmapathways or tailored to specifithenotypes could be benefictal.

Asthma isa global health mblemwhich affects over 300 million people worldwide,

and is expected to rise to 400 million by 2025 he diseas@ashigh economiccosts,

both directly for healtbare systemandfrom indirect consequences such as lost time

from work® Asthmacanhava serious | mpact on ,tadde s u/f
asthmaattackscan be fatal often arising from poorly controlled and undertreated
asthm&® Despite the availability of effective asthma treatmentsye than half of
patientsexperience poosympbm contro)’ so there remains an unmet therapeutic need

for many asthmatics.

1.2 Asthma treatment

There are two major classef asthma treatmentrugs torelieve the symptomsof

asthmaand drugs wich control the symptoms (Table .1).2 Reliever drug are



bronchodilatos which providerapidrelief from asthma attacks by stimulating widening
of the airways The most widely usetbronchodilatorsare b,-adrenoceptor gonists
anticholinergics andnethylxanthines Controller drugs are designed to prevasthma
attacks and reduce symptorng supressing the underlying inflammatory component
The mostcommoncontroller drugs arénhaled corticosteroids, whicare seen as the
gold standard of asthma treatmenilternatives include chromones andwo newer
classes of drugs introduced in the last 30 ye#rs antitlgE monoclonal antibody

omalizumab andhe antileukotrienes.

Classification | Drug type (mode of action) Examples
Reliever drugs| Short actingrihaledb,-adrenoceptor| Salbutamol
agonistgbronchodilato) Terbutaline
Methylxanthines Theophylline
(bronchodilator)
Inhaled anticholinergics Tiotropiumbromide
(bronchodilato) Ipratropium bromide
Controller Corticosteroids Fluticasone propionate
drugs (anti-inflammatory Fluticasone furoate

Prednisolone
Long acting inhaledb,-adrenoceptor| Salmeterol

agonists lpronchodilato) Formoterol
Chromones Sodium cromoglycate
(anti-inflammatory Nedocromil sodium
Anti-immunoglobin EAnti-IgE) Omalizumab
(anti-inflammatory
Anti-leukotrienes Montelukast
(anti-inflammatory Zafirlukast

Zileuton

Table 1.1. Reliever and controlledrugs used fothetreatment of asthma

Inhaled corticosteroidprovide the most effective antiffammatory asthma treatment,
helping toreduce symptoms arttie risk d asthma attackandimprove lung functior?
For examplefluticasonefuroate (Figure 11) acts as a glucocorticoid receptor agonist
and wasapprovedby the FDAfor clinical use in 200 for allergic rhinitis and in 2014

for oncedaily asthma treatmeff Combination inhalers of corticosteroids and long



acting b-adrenoceptoragonists(e.g. salmeterolfluticasong can also provide highly
effective asthma contrdt Inhaled corticosteroids are relatively safe for patients with
mild to moderate asthma, as ttheig is delivered directly into the lungs laver doses
can be used. dcal side effectssuch as oral candidiasis and dysphoo#n be
problematicbut rare*? For patients with more seveasthmathe long termuse ofhigh
doses of inhaledorticosterads can lead tside effectsuch asataracts, glaucoma and
osteoporosisand aother problem is poorompliance with inhaled corticosterojds
leading tothe poor control of symptom¥’ Oral treatments argenerally preferrecbut
oral corticosteroidssuch as prednisolone (Figure.l) are only usedto treat severe
asthmafor short period of time due to serioussystemic side effect®r adverse
reactions andarenot suitableasdaily controller drug.

Fluticasone furoate (GlaxoSmithKline) Prednisolone
Mwt = 538.6 Mwt = 360.4
calc LogP (ACD) = 4.0 calc LogP (ACD)=1.5

Figure 1.1. Anti-aghma drugs corticosteoids.

Anti-leukotriene drugs such as montelukast, zafirlukast and zileuton (FigR)rare
alternatives to inhaled corticosteroids. The -#aukotrienes target a specific
inflammatory pathway or mediator and block part of th8ammatory response.
Montelukastwas one of the first nesteroid oral treatmentsvailable to asthma
patients With its good safety profiland few side effect# is now widely usedas a
daily controller drug. However when compared with inhaled cawsteroids, amnti
leukotrienes are less effective in controlling astmymptomsand aregenerally used in
combination with other therapiés.



HO  NH,

Montelukast (Merck) OH Zileuton (Abbott)
Mwt = 586.2 Mwt = 236.3
calc LogP (ACD)=7.8 MeO calc LogP (ACD) = 3.7
e

O._ N
(T'T \
O N )
Me Zafirlukast (AstraZeneca)
Mwt = 575.7

calc LogP (ACD) =6.2

Figure 1.2. Anti-asthma drugsanti-leukotrienes

The monocloal IgE antibodyomalizumab waspproved forasthma treatmerity the
FDA in 2003 and the EU in 2009Dmalizumalis used specifically fothetreatment of
severe allergic asthmandworks bycomplexing with free immunoglobin E (IgE, a key
mediator of inflammation), whicprevents the activation dfigh affinity IgE receptas

on inflammatory cells. Since the approval of omalizumab there has been significant
development of biologic asthma therapies, in particular those targeting pro
inflammatory cytokines such as mepolizdim@eveloped byGSK), which is an amti

interleukin5 monoclonal antibody for the treatment of severe astfima

Even though therareeffective asthmarugsavailable,it has been reportetiat 5-10%
of patients have inadequately controlled symptoms desgatang controller
medications® There isstill a need to develop newantiinflammatory therapies,

particularly oral treatments which are safe and effective at controlling symptoms.

1.3 Asthma inflammation pathways
1.3.1Biosynthesis of leukotrienes

Asthma inflammatory pathwayarecomplex,and tere are a number @ompounds

involved in mediating the inflammatory response. These incladanes, lipid,



peptides, cytokines, chemokines, proteases and other small moleEatds have their
own specific eceptorsghrough which they exert their biological effect&icosanoids
are aclass of lipid mediatoinflammatory compoundsand are bioactive oxygenated
metaboites offatty acids containing 80 carborchain length. LeukotrienegLTs) and

prostaglandia (PGs) are part of the eicosanoid familgnd play a key role in
inflammatoryand allergic diseases such as astthaBoth LTs and PGsare derived
from arachidonic acid, which is released from membrane phospholipids
phospholipasem response to allergor aher cellular stimuli

The biosynthesis of leukotriengSchemesdl.1 and1.2) begins with the conversion of
arachidonic acid to the unstable epoxide leukotriene (IATA4) in a twostep
oxidation/hydrolysis process catalysed bjifdxygenase (8.0).*® The activity ofthe
5-LO enzymerequires the integral membrane proteilipbxygenase activating protein
(FLAP), which plays a role in the transfer of arachidonic acid-t®5 LTA, is rapidly
converted to either leukotriene, B.TB,) by erzymatic tydrolysis, orto leukotriene @
(LTC4) by opening of the epoxide by the thiol anion of glutathione. AisGurther
converted to LTR and LTE through amide bond cleavage of the peptide side chain.
Collectively, LTG, LTD4 and LTE, are known as cysteinjgéukotrienes (CysLTsand

all contan a thioether linkage.

Arachidonic acid

5-LO | FLAP
LTA,
LTC, synthase LTA, hydrolase
LTC, LTB,
CysLT 11D |
receptors — = BLT
LTE, receptors

Schemel.l. Biosynthesis of leukotrienekT = leukotriene5-LO = 5lipoxygenase, FLAP =5
lipoxygenasectivating protein.



— == CO,H

arachidonic acid

5-LO, FLAPl 0,

OOH
— = % CO,H
5-HpETE
O
— CO,H
LTA,
LTC, synthan/ \I;TA4 hydrolase
OH OH OH
BN A CO,H N~ CO,H
_ S—Cys—Gly S
|
LTC yGlu LTB,

Scheme 1.2Biosynthesis ofeukdrienes (LTs)from arachidonic acid

Leukotrienes are recognised by specific G protein coupled rec@B&Rs).'° The
CysLTs bind to CysLT and CysLT receptors which are involved in mediatm
bronchoconstriction, increasingascular permeability, airay edema and mucus
secretion LTB,4 binds to BLT, and BLT; receptorswith a particularly high specificity

for BLT:. BLT; is expressed in inflammatory cells and its activation mediates

chemoattractant and pioflammatory actios.

1.3.2Biosynthesis ofprostaglandins

The biosynthesis ofrpstaglandingSchemes 1.3 and 1.4) begins with the conversion of
arachidonic acido the unstableendoperoxide intermediate prostaglandin(PGH,),
caalysed by a cyclooxygenase enzymBGH is further metabolisedo a number of
biologically active mediatorsincluding prostaglandin B (PGD,), catalysed by PGD

synthase.



Arachidonic acid
L C0OX-1/COX-2

PGH,
TXA synthase PG synthases
PGD
TXA; synthase | PGF,, PGI,
\2 PGE,
PGD,
4

DP, CRTh2
receptor receptor

Scheme 1.3Biosynthesis of prostaglandinr®G = prostaglandin, TXA= Thromboxane A COX =
cyclooxygenase

O \“\E/\/\CO H
— — CO,H COX | 2
Oll- /

20, T
OH

arachidonic acid PGH,

jPGD synthase
HO

=

NN
CO,H
=

O OH
PGD,

Schene 1.4 Biosynthesis of prostaglandi, (PGD,).

PGD:; is of particular importancbecause it is the major prostaglandin produced by mast
cells, is generatenh high concentrations at sites of allergic inflammatama promotes

an inflammatory response asgated with asthma and allerdy. PGD; is a ligand for

two G protein coupled receptors, DRand CRTh2 (chemoattractant receptor
homologous molecule expressed on Th2 cells, also known as DPhe CRTh2
receptor is expressed on Th2 cells, eosinophilslEsophils, anth vitro studies have

shown PGD activation of this receptor stimulates chemotaxis of these inflammatory



cells and the release of pinflammatory Th2 cytokine$: The DR receptor is also
activated through binding PGDand mediates vasdaiion and bronchodilation. A
number of metabolites of PGDetain the ability to activate CRTh2 but only have weak
DP; activity, suggesting the effects of CRTh2 dominate, and that CRTh2 is able to bind
a more structurally diverse range of ligaftfs.

1.4 Drugstargeting the arachidonic acid pathway
1.4.1 Anti-leukotriene drugs

There are two classes of algukotriene drugs leukotriene receptor antagets
(LTRAs) and inhibitors of leukotrienbiosynthess. The LTRA montelukast (Figure
1.2) targets the GysLT: receptor and iswvidely used for the treatment of asthma.
However montelukast is not always effective in asthmatic patients,thedack of
efficacy often associated withTRAs may arise fronther mode of action to onlplock

thebiological effectof specific leukotrienes.

Alternatively, antileukotriene drugshat target 8.0 or FLAP early on irthe pathway
inhibit the formation of all G/sLTs and LTR, so could offer better efficacy compared
to LTRAs. The 5LO enzymeinhibitor zileuton (Figure 12) is currently the only
leukotriene synthesis inhibitor approved clinically for asthma treatméott, is not
widely used due to its poor safety profile and high dose requirefierffsAP is a
proteinthat isessential fothe cellular biosynthesis of leukotrieresdhence represents
an attractive target for novel amsthma drugé’ FLAP is a membrane embedded
protein that selectively bindarachidonic acid anttansfers it tahe 5LO enzyme It
hasalso been suggestédat FLAP plays a role in enhancing the activity eE® in the

oxidation/reduction sequence to convert arachidonic acid #,.ET

There are currently nd-LAP inhibitors approved fortherapeuticuse but several
compoundshave advancednto clinical trials for inflammatory diseasesincluding
asthma® Early FLAP inhibitors include thguinoline basedcompoundBAYX1005 1,
indole basedcompoundMK886 2 and a combination ofthese structuremK591 3
(Figure1.3).?” In 2007 thecrystal struaire of MK591 3 bound tohumanFLAP was
determined,revealing key binding interactionand showed thenhibitor binding site

was located inthe membrane embedded pocketsd prevented the binding of



arachidonic acid to FLAP® The crystal structure of FLARas enabledniproved
FLAP inhibitor design, andeveral compounds wittiifferent pharmacophoresuch as
benzimidazolespxadiazolesand biarylshave been publisheéd

Arachidonic acid |

X, O
Inhibit N \©v
3-LO synthesis _-CO-H

of all LTs z

/ \ 1 (BAYX1005, Bayer)

Mwt = 361.4, calc LogP (ACD) = 4.8
ICsq (LTB4) =220 nM

CKL
ﬁ

2 (MK886, Merck) 3 (MK591 Merck)
Mwt = 472.1, calc LogP (ACD) = 8.2 Mwt = 587.2, calc LogP (ACD) = 8.3
|C50 (LTB4) =3 nM |C50 (LTB4) =3 nM
IC5 (FLAP) = 23 nM ICs5¢ (FLAP) = 1.6 nM

Figure 1.3 FLAP inhibitors(ICso (FLAP) refers toa FLAP bindingassay 1Cso (LTB,) refers to the
LTBy, inhibition in human leukocytes as3ay

A series of selective FLAP inhibitors containing a core indole structure were recently
devdoped by Amia and GlaxoSmithKline (Figure 1.4The @mpoundsAM103 4 and
AMB803 5 had superior potency and pharmacokinetic and safety profilesazethfo the

indole based"LAP inhibitor MK591 3.3° The ley structural changes froMK591 3

were replacement of the quinoline pharmacophore with pyridine derivatives and
incorporaion of heteroaromatic biaryls in place of thellorobenzyl group.AM803 5
successfully completed phase | clinical studies and was advanced to phase Il trials in

asthmatic patients as an orally bioavailable FLAP inhiitor.



Stocket al. reported an @ensive structur@ctivity relationship study fothis series of
FLAP inhibitors®? focusing oncyclic moieties appended to the indole canegrder to
replace the quinoline group present in MKS®1vhich has been implicated as being
susceptible toCYP-medated bioactivation and covalent labelling of proteihe
compound AM6796 (Figure 1.4)containing a noveN-acylated(S)-indoline group
showed excellent potency at inhibiting L4 Bynthesisn human blood (16 = 154 nM)
as well as the human leukocytssay(ICso = 0.6 nM)andLT inhibition in severain
vivo models In addition, AM6796 displayedbetter solubility and aimmprovedCYP
inhibition profile compared toMK591 3, through replacement of the chlorobenzyl

groupwith a heteroaromatic biaryl group

\N (@) \ \N (@] \
N CO,H N CO,H

I AN I AN
MeO™ N7 4 (AM103) oW 5 (AM803)
Mwt = 609.8, calc LogP (ACD) = 7.3 Mwt = 637.8, calc LogP (ACD) = 8.3
ICgo (FLAP) =4.2 nM ICso (FLAP) =2.9 nM
|C50 (LTB4) =0.5nM |C50 (LTB4) =0.7nM

ij ;<s

0

By )
o N COLH
/@/\\/d 6 (AM679)

N Mwt=692.9, calc LogP (ACD)=7.5
MeO ICsg (FLAP) = 2.2 nM
|Cso (LTB4) =0.6 nM

Figure 1.4. Indole based FLAP inhibitors developed by GlaxoSmithKline and Amirg (FLAP) refers
to FLAP binding assay. Kg(LTB,) refers to the LTBinhibition in human leukocytes assay).



1.4.2 Prostaglandininhibitors and receptor antagonists

Inhibition of the synthesis of praflammatory mediator PGD(Scheme 1.3fould be
achieved by targeting enzymes COX1 and COX2 using COX inhil(ibarssteroidal
antrinflammatory drugs) However COX inhibitors have bedaundto be generally
ineffective as antiasthma drugsbecause inhibition of COX also inhibits the
biosynthesis of PGE a prostaglandin with bronchodilator propertie$herefore, to
achieve a therapeutic bendfitasthma treatmenselective inhibitiorof the biological
actions ofPGD;, is needed?

There has been much interest in the last 10 yearsdesigning small molecule
antagonists ofhe PGD, receptorCRTH2, as a target for antisthmadrugs In various
biological studies, the prmflammatory effects from activation of the CRTh2 receptor

by PG have been completely bloe## with a CRTh2 antagonistin addition, a
number of CRTh2 antagonists have entered clinical trials for the treatment of asthma,
COPD and allergic rhinitis, with promisinggof of concept resulfsand henc&CRTh2

is a validated drug targét.

The firstCRTh2 antagonist discovered was ramatrob@rigure 1.5. Ramatroban was
marketed for allergic rhinitis in Japan as arally bioavailablethromboxane receptor
antagonist. It was subsequently found to also be a potent CRTh2 receptor antagonist

andantagonises PGDnduced bronchoconstrictiofi

Arachidonic acid 5
|

H
N
o F
PGH, \
N\

W

PGD, Block the

U = tivati CO,H
activation
7 (Ramatroban, Bayer)
DP, /“CRTh2 "\ va. (l;RThz Mwt = 416.5
receptor /R receptor with an ) calc LogP (ACD) = 4.1
p— antagonist ICso (CRTh2) = 100 nM

Figure 1.5 CRTh2 antagonisamatobar{ICsovalue refers to a CRTh2 binding assay).

11



The tricyclic core of ramatrobanhasserved as a starting point for the design of more
potent ad selective CRTh2 antagonistTM Pharmademonstrateavith compound3
(TM30089 Figure 1.6 that shortening the proma acid side chain to an acetic acid
and N-methylation of ramatroban7 gave a highly potentand selectiveCRTh2
antagonist> Changes to the core indole structurearhatrobar? such as the reverse
indole 9 (MK7246), the azaindole 10, and replacement dhe sulbnamide side chain
werealso toleratedFigure 1.6)*°

\ O
N\ 11
N-s
{ O \Q\F N
N Y
kCOzH CO5H
8 (TM30089, 7TM Pharma) 9 (MK7246, Merck) 10 (Merck)
Mwt = 416.5 Mwt = 416.5 Mwt = 409.5
calc LogP (ACD) =4.3 calc LogP (ACD) = 3.8 calc LogP (ACD) = 3.1
K; (CRTh2) = 0.6 nM K; (CRTh2) = 2.5 nM K; (CRTh2)=3.4 nM

Figure 1.6. CRTh2 antagonistwith a tricyclic core K; values refeto a CRTh2 binding assay).

Another major structural class ofERTh2 antagonists are indo acetic acids
Interestingly this core structure was originally inspired by indometHékc{figure 1.7)
which is a norsteroidal antinflammatory drug(NSAID) that was discovered to be a
CRTh2 receptor agonidf. Oxagen developed a potent oyabioavailable CRTh2
antagonist OC4592 (Figure 1.7)which is areverse indole analogue bt and with a
guinoiine substituent replacing the aryl ketot@ompoundl2 progressed into phase Il
clinical trials and has been found to improve lung function andmeastbontrol in
allergic asthmatic®® A similar indole acetic acid scaffold was present in AstraZenecas
lead CRTh2 antagonisfzD1981 13 (Figure 1.7), which progressed into phase I
clinical studies for the treatment of asthma and COPD, but lacked efcaclas been

discontinued®
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A\
MeO N
\\COZH
11 (Indomethacin) 12 (OC459, Oxagen) 13 (AZD1981, AstraZeneca)
Mwt = 357.8 Mwt = 348.4 Mwt = 388.9
calc LogP (ACD) = 3.1 calc LogP (ACD)=4.4 calc LogP (ACD)=4.3
ECs5y (CRTh2 agonism) = 389 nM IC59 (CRTh2) =6 nM IC50 (CRTh2) = 4.3 nM

Figure 1.7. Indole acetic eid series of CRTh2 antagonists {§@alues refeto a CRTh2 binding assay).

Pheroxy and phenyl acetic acil are other common moti§ for CRTh2 antagonists.
Amira have optimised a series of biphenylacetic acid CRTh2 selective antagonists
(Figure 1.8) Compounds such dst and 15 were highly potent in both binding and
functional assays, and demonstrated goodvivo activity in mouse models of

inflammatory diseasefter oral dosing”

L o/\© o)
EO. N §
Nko o NJW
g Mg
O CO,H O CO,H
MeO MeO

14 (Amira) 15 (AM432, Amira)
Mwt = 501.5, calc LogP (ACD) = 6.2 Mwt = 488.6, calc LogP (ACD) = 4.0
IC50 (CRTh2) =4 nM ICs5¢ (CRTh2) =6 nM

Figure 1.8 Phenyl acetic acid based CRTh2 antagonists (i@lues refer to a CRTh2 binding assay).

7TM Pharma identified the first phenoxyacetic acid CRTh2 antagonists such as
compound16 (Figure 19) from virtual screening® A series of phenoxyacetic asid
17ac (Figure 1.9)were reported by AstraZeneca, where changes to the acetic acid side

chain were investigated. Isosteres of the carboxylic acid were not tolerated, and
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increasing steric bulkext to the carboxylic acid was also unfavourable with respect to
CRTh2 binding affinity. In general, the majority of CRTh2 antagonists in development
contain a carboxylic acid group. It is likely that this group mimics the carboxylic acid
present in PGR the natural ligand for the CRTh2 receptor.

0]

= N,< ;> O R ICs (CRTh2)
o =\ FsC O 17a CH,CO,H 0.9 nM

L 17b C(Me),CO,H 3981 nM

COZH OR 17c ‘—H_L/\(/N\N 891 nM
16 (7TM Pharma) 17a-c (AstraZeneca) HN\I\]'
Mwt = 401.2

calc LogP (ACD) = 3.9
IC50 (CRTh2) = 1.5 nM

Figure 1.9. Phenoxy acetic acibased CRTh2 antagonists {@alues refeto a CRTh2 binding assay)

A recent review ofCRTh2 antagonistlinical candidates has suggesteatreased
potency is required for CRTh2 antagonists, as receubluatedclinical candidates
have failed to producéhe efficacy required for them to be clinically useful for the

treatment of asthma or allergic disea&es.

1.4.3Dual inhibitors

Due to thecomplexity of asthma, compounds that inhibit more than one thayetthe
potential to bemore effectivetreatmens than thosdargeting a single mediatorAlso,
severalsingle targetingcompounds that have advanced to clinical development for the

treatment of asthmaave been discontinuetlie to lack of efficacy.

Amgen haverecently described the optimisation of a series of phenylacetic acid
derivatives agotentdual antagonists dioththe PGD receptorsCRTh2 and DR**

Their cinical candidateAMG853 18 (Figure 1.10) was evaluated iphase llclinical
studies for the treatment of asthimat failed to improve asthma symptoms in patients
with poorly controlled asthma and has since been discontinued. Dual CRTh2/DP

antagonists are yet to show anyiagthma benefitsver selective CRTh2 antagonists.
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Studies of a selective DRntagonist (laropiprant) have indicatidt antagonisnof the
DP; receptor does not have a therapeutic benefit for the treatmeastlofhaand
actually DR activation plays @ole in some antinflammatory responsés.

Another approacho dual inhibitionis the development afompounddhattarget both
the leukotriene and prostaglandin pathwaysSingle inhibition along one of the
pathways can cause a shift in arachidonic acetabolism to the other uninhibited
pathway, resulting in increased biosynteesif either LT or PG mediatof§.
Compounds exhibiting dual antagonism of Cysl(TTD,4 receptor in the leukotriene
pathway) and TP (TXA receptorin the prostaglandin pathway) Ve beenunder
development as anrfisthma drugs. Initially Astellas Pharmaceutical reported
compound YML58was aselective angbotentdual antagonist of LTIBTXA receptors
andin vitro functional assays demonstrated inhibition of asthmatic respdhseley
have more recentlgeported a quinline derivativel9 (Figure1.10) as an orally active
dual LTDJ/TXA, recefior antagonist® The design of compound9 was basedon
combining the lipophilic chloroquintylvinyl moiety of montelukast QysLT;
antagonistfigure 12) with a chlorobenzenesulfonamide group present in daltr¢dan
TXA, receptor antagonist However, its activity is almost 1000 fold lower at the XA
receptor, so the animflammatory effects may result mainly froemtagonism of the

CysLT; receptor.

o Cl CO,H

ZT

Cl O AN S /©/C'
Cl

NP~ -
F N N
o O
COyH
18 (AMG853, Amgen) 19 (Astellas)
Mwt = 609.5, calc LogP (ACD) = 6.2 Mwt = 649.6, calc LogP (ACD) =9.2
|C50 (CRTh2) =3 nM |C50 (LTD4) =0.4 nM
|C50 (DP1) =4 nM |C50 (TXAz) = 340 nM

Figure 1.10. Compounds with dual activity along the asthma inflammatory pathways.
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1.5 Aims of the project

Leukotriene and prostaglandin lipid mediators play important roles in the pathogenesis
of asthma and is anticipated that a compound with dual pharmacology, which impacts
both the leukotriene and prostaglandin inflammatory pathways simultaneously, would
yield compounds with an enhanced ability to treat asthma.

An attractive novel dual target combinatioms the inhibitionof FLAP to block the
synthesis ofall leukotrienes, and antagonism of the prostaglandin receptor CRTh2 to
block PGD mediated asthma responsd3ual FLAP/CRTh2 inhibitors have excellent
potential as antasthma drugs because currentbthbsingle targeting FLAP inhibitors

and CRTh2 antagonistse already in clinical development, but edty has often been

a problem. Therefore a dual inhibitor targeting both LT and PG pathways could
overcome this. In additionpany structurally diverseompounds bind to FLAP or
CRTh2. To date, many literature CRTh2 antagonists are lipophilic carboxylic acid
containing compounds, features also often found in FLAP inhibitors.

The aim of tis part of theproject wasto identify compounds that inhibit Ho
leukotriene synthesis arahtagonis€CRTh2in order to discover compounds with dual
pharmacology.Thetarget compound20 and21 (Figure 1.11were designetbased on

a combination ofreviousGlaxoSmithKline and literature SAR studieAs well as
featuring a phenylacetic acid group which is a known pharmacophore for CRTh2
antagonism, the target compounds aleoorporaéd either the polar aliphatic acyl
indoline grouppresent irthe FLAP inhibitorAM679 (6, Figure 1.4, or the smaller acyl
pyrrolidine group also identified by Stockt al as enhancing potency of FLAP
inhibition (Figure 1.12)*

Figure 1.11. Target compoundpotential dual FLARnhibitors andCRTh2antagnists
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Arachidonic acid Arachidonic acid

FLAP 5-LO
oA\

LTA, V

FLAP inhibitor

PGD,
& OH
pharmacophore u, \©/\H/
CysLTs LTB, DP, /CRTh? \ o)
receptor

CRTh2 antagonist

receptor
PloT / pharmacophore

N\

Figure 1.12 Known pharmacophores for FLAP inhibitasdCRTh2 antagonists.

The first part of the projectvas to investigatea syrhetic route towards the target
compoundsyia initial synthesis of the arylboronic estetermediate®22 (Figure1.13),
which wouldfacilitate attachment of ring By a Suzuki coupling.

Figure 1.13. Proposed synthetic route towards target compounds.

Compounds of typ&0 and 21 would then be evaluated though biologicaksays for
their activity againstieukotriene synthesis inhibitioand antagonism of th€RTh2
receptor The assayswould determine if the compounds shegvpotential FLAP
inhibitory activity by inhibiting LTB, productionand if the compounds inhileitl the
binding of PGD to the CRTh2 receptor.Compounds shoiwg dual pharmacology
could serve as an excellent starting point for further lead optimisation for novel anti

asthma drugs.
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2. Results and d@scussion

2.1 Synthesis of boronic estentermediates(ring A)
2.1.1Attempted synthesis bydirect acetylation

The first approach to the preparation of the boronic ester intermeg@ia(Egure1.13)
was via an initial N-acetylation This would allow the synthesis of the target
compound£0 and21 with R' = COCHjz (Figure 1.11), which was chosen becaBseck

et al havereported SAR studies ?-acyl indoline groupswhich led to their discovery
of the potehFLAP inhibitor 6 (Figure 1.4.%

Following a procedureeported by Kuwanet al,*® theN-acetyl indoline alcohol)-23
was synthesised over 3 steps frammmercially available §-indoline-2-carboxylic
acid §-24 (Scheme 2.1). reatment othe carboxylicacid ©)-24 with thionyl chloride
in methanol gavehe intermediate methyl ester as thgdrochloride salt. Subsequent
acetylationwith acetic anhydride, triethylamine and the addition of DM#&denable a
shorter reaction tinjeaffordedthe amide $-25 in 91% yield over 2 stepsvhich was

similar to theyield reported in the literature of 86%%.

1) SOCl,, CH;OH
reflux, 3 h LiBH,
OH o0, — N OH

N
N THF, 1t, 7 h
2) Et;N, DMAP 1,
H sN,
O Ac,0, THF /§o © (50%) /go
(S)-24 reflux, 5 h (S)-25 (S)-23

(91% 2 steps)

Scheme2.1. Synthesis ofN-acetyl indoline alcohol9)-23.

Reduction of the methyl ester moiety in compou8i45 (Scheme 2.1yas achieved
using lithium borohydride in THF at room temperature, whigzve the N-acetyl
indoline alcohol §-23in 50% vyield after purification by column chromatography. This
was a lower yield than that reported in the literature, where the samecprudsi

isolated in 74% vyield® Lithium borohydridewas used rather than lithium aluminium
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hydride because it enabldg selective reductioof estes to alcoho$ without affecting
amides however a side jduct isolated from theeaction wasridolin-2-ylmethanol® in
19% yield where theN-acetyl group had been converted to bi&l group This side
product may have formefilom the N-acetyl indoline alcoho(S)-23 through aninitial
N-O intramoleculamacyl ransfer, resulting in th®-acetylcompoundwhichwould then
be reduced to the alcohol by lithium borohydride.

The N-acetyl pyrrolidine analogueS|-26 waspreparedvia the same routever 3 steps
from readily available(S)-proline §-27 (Scheme 2.2) Esterificationand subsequent
acetylation of(S)-27 gavethe compound §)-28" in 93% yieldover two steps The
same synthesis was applied withe opposite enantiomerR)proline R)-27, where
esterification followed by acetylation afforded thé-acetyl ompound (R)-28°
Reduction of thanethyl estermoietyin compound $-28 was carried out using lithium
borohydride at a low temperatuire order to supress the formation of side products, and
this affordedthe N-acetyl pyrrolidine alcoho9)-26>% in 55% \yeld after purification by
column chromatography. It was likely that the moderate yield was die istability

of (9-26, with possibleN-O acyl transfer occurring. The use oinithyl THF as a
solvent instead of THF was found to give a better séparaf the aqueous and organic

phases during the wotilip and improve the yield difie productisolated

1) SOCl,, CH30H Q
LiBH
(Nj{[(OH reflux, 3 h N L0 1BF4 N * _OH
H A 2-MeTHF,0°C,20h _{

o 2) Et;N, DMAP o
Ac,0, THF O (55%) o
(S)-27 reflux, 3 h (S)-28 (S)-26
(R)-27 (93% 2 steps) (R)-28

Scheme2.2 Synthesis oN-acetl pyrrolidine alcohas.

The next stepn the synthesis of thboronic ester intenediateswas to activate the
alcohol as a tosylate to providegood leaving group fdahe subsequentoupling to a
pherol boronic acidderivative Tosylationof the pyrrolidine alcoholS)-26to form the
tosylate(S-29 was not as straightforward as amated(Scheme 2.3) Understandard

tosylation conditions with equimolar amounts of pyridine and tosyl chidfidble 21,
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entry 1),unreacted tosyl chlorideas recovere@42%)as well asa complex mixture of
products The reaction was repeated using excess opyridine (Table 21, entry 2)
The crude mixture of product®rmed from this reactiowere separated using column
chromatography, resultinip the isolation ofthe chloride derivative30°® in 45% yield
andthe unexpectedll-tosylate31 in 7% yield (Scheme 2)3

TsCl, base (jv <Nj\/
NN OH —%— 0=d
Ac CH2C|2 // \\ O/ 31
(S)-26 (S)—29
- J

isolated products

Scheme 2.3Attemped tosylation oflcohol(S)-26.

Entry | Base (eq) TsCl (eq) | Conditions | Results (yield after column
chromatography)
1 pyridine (1.1) 1.1 rt, 30 h Mixture®
Recovered TsCl (42%)
2 pyridine (5.0) 1.2 0°C tort, Chloride31 (45%)
20 h N-tosylate32 (7%)
3 pyridine (5.0) 2.0 0°C,4h Mixture® containing

chloride31 andN-tosylate
32 (ratio 4357)

4 2,6-lutidine (5.0) | 1.2 0°Ctorn, N-tosylate32 (10%)
15h

5 2,6-lutidine (50) | 1.2 0°Ctornt, N-tosylate32 (19%)
EtsN (1.5) 15h

Table 2.1. Attempted tosylation reactiondCrudematerialcontained a complex mixture of compounds.

It has been established in the literature thayladion reactions using tosyl chloride and
pyridine as a base, can lead to the formation of undesired side prddiitisse include
pyridinium salts (wheregeactive tosylate produstreact with pyridine hydrochloride

formed during the reactidnresulting in a loss of the desired tosylate with the
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pyridinium salt lost during the worlep. Also, the conversiomf tosylate intothe
corresponding chlorid@roductcan be a problem, where the pyridihgdrochloride
formed during the reactioacts as the chlor@nucleophile. These side productsave
often been formed at high temperatures or whéarge excess of pyridine wased?

Attempts to sypress the formation othe chloride 30 by lowering the reaction
temperature to 0C were unsuccessful (Tablel2entry 3) and formation of both the
chloride 30 and theN-tosylate31 was detected byH-NMR spectroscopyf the crude
product Thetosylationreaction was repeatauth 2,6-lutidine as an alternativbulkier
base comparedto pyridine (Table 21, enty 4), that can supress pyridinium salt
formation®* Under these conditions, the chlori® was not formed, howevek-
tosylate31 wasstill isolatedin 10% yieldafter purification bycolumn chromatography
Addition of triethylamine to the reactio(which could react with HCI to give the
corresponding s3gltalso only yielded\N-tosylate31 but in a 19% vyield Table 21, entry
5). Since the reactions were carriedt, the synthesis of tosylat&)29 wasreportedn
a patentfrom alcohol §)-26 using tosyl chloride, triethylamine and DMAP . However

limited experimental details were provided and the yield of the product was not given.

It was possible that duringhe reaction thelesiredtosylate(S)-29 formed readily but
wasunstable and neighbouring group participation of tNeacetyl group could lead to
the formation ofcyclic intermediate32 (Scheme 2). A chloride nucleophile could
then attack to form the tride 30. It was also possible that compou®@ underwent

anN-O acyl transfer followed by sulfonation of the amine to yieldNkh®sylate31.

C,/\OH C,/<\/(3Ts O/\O

N I N _ N

/\?O .L.%O : X
(S)-26 (S)-29 32

Scheme 2.4Proposed mechanism of neighbouring group participation.

An alternative strategy, still retaining tieacetyl group (which would be useful for the
direct preparation of the boronic ester intermedidwith R* = COCH;, Figure 1.13
was to convert the alcoh¢$)-26 to the alkyl bromide33 (Scheme 2.6 The alcohd

(9-26 was treated with carbon tetrabromide and triphenylphosphine at room
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temperature, which afforded the alkyl bromifin a low yield of 5% after purification
by column chromatographyThe triphenylphosphine oxide impurities were difficult to
sepaate from the produc®3 by column chromatography. After further purification by
filtration, it was observed b{H-NMR spectroscopy #t bromide33 had rearranged to
the acetat&4.>® Brominationof alcohol ©)-26 with thionyl bromide resulted irthe
bromde product33 being isolated in dow yield (10%) and 33 was also found to be
unstable over time, rearranging to the ace3dtScheme 2.5)

SOB,, CH,Cly, 0°C to rt, 22 h
(S)-26 33

(5-10%)

0
OAOH CBry, PPhs, CH,Cls, rt, 20 h OABF J
N > N 0 + C,/\O
NH
34

Scheme 2.5Attempteal conversion of alcohol to alkyl bromide

2.12 Synthesisvia N-Boc protectionroute

An alternative synthetic approach was to prepare the boronic ester interm@@iates
(Figure1.13 with R* = Boc  Substitution of the acetyl grougf compound26 with a
Boc group,which has a lower reactivityyas expected to laliate the problem of to
O-acyl transfer and neighbouring group participatiom addition, Bartoli et al have
reported a procedure for tosylation arfi N-Boc pyrrolidine alcohol derivativevhich
afforded the tosylate product @anexcellent yield®’ Following this strategy, once the
target compoundbad beersynthesised, the Boc groupuid thenbe deprotected and

subsequenN-acetylationwould yield the target compounds with the desirbdacetyl

group.

N-Boc-prolinol 35 was synthesised bywo different methods rhethods A and B,
Scheme 26 Following literature procedures, ethod A began with reductiorof
optically pureproline (S-27 using lithium aluminium hydridéo furnishthealcohol(9)-
36in 96% yield which wasconsistent wittthe yield of 944 reported in the literaturg.
SubsequenBoc protectionusing Boc anhydride and triethylamjrieafforded N-Boc-

prolinol (§-35 in 73% vyield after purification by column chromatography Several
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methodshave been reportad the literaturdor the reducbn of optically purea-amino

acids to optically puréd-amino alcohols These include reduction withiBH, and

MesSiCl,°° NaBH, with iodine or HSQ,*! and boron reagenfé. The most routinely
used reagent fahereductionof a-amino acidss lithium aluminum hydridewhich has
been shown to proceed without racemisation aatbarbori® and successfully gavae

alcohol(S)-36 here.

Difficulties were encountered wheremoving impurities from the reduction with
lithium aluminium hydride particularly when tte reaction was scaled up %og of the
starting material §-proline  An alternative synthetic route wabkerefore used to
synthesisé-Boc-prolinol 35 following literature proceduregnethod B, Scheme 2.8’
First, (9-proline ©-27 was Boc protected using Boc anhydride and triethylamine to
give the compounddj-37in 80% yield after purification by recrystallisation. Selective
reduction of the carboxylic acishoiety in(S)-37 with borane tetralgrofuran complex
afforded the desired alcohdb)¢35 in 84% vyield, which was comparable to the yield
reported in the literature of 828. Synthesis of the enantioniermlcohol R)-35>* was

preparedusingthe same mcedurefrom optically pureproline R)-27 (Scheme 2.6)

Method A:
%OH LIAIH, THF <j\/OH Boc,O, Et,N (jVOH
H I o°Ctor refuxan N CH,Cl, 0°Ctort,20h N
(96%) (73%) o
(S)-27 (S)-36 O (s)-35
Method B:
<Nj\H/OH BocoO, EtsN (Nj\WOH BH3.THF <Nj\/OH
H CH,Cl, 0°C, 3 h THF, 0°Ctort, 3.5 h
O ' O/&O o O&O
(S)-27 7K (S)-37 (80%) 7[ (S)-35 (84%)
(R)-27 (R)-37 (77%) (R)-35 (88%)

Scheme 2.6Synthesis oN-Boc-prolinol using either method A or method B

Tosylate §)-38 wasnextprepared fronthealcohol §)-35 using a modified version &
literature proceduresing tosyl chloride and pyridingcheme 2.7}’ Tosylate §)-38

was found to beunstable if stored over long periods of time under argowd °C.
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Therefore the mesylate$)(39 and (R)-39 were preparedrom alcohols §-35 and R)-
35in quantitative yield, using mesyl chloride and triethylanfhé/esylates -39 and
(R)-39 werenoted to be stablehen stored under argam 4°C for extended periods

TsCl, pyridine (j\/ MsCl, Et;N (j\/
O.

Boc é/S\\O CHyClo, it 170 § ¢ CH,Cl2, 0°C,2h  Boc 40
(79%) (100% crude)
(S)-38 (S)-35 (S)-39
(R)-35 (R)-39

Scheme 2.7Preparation of tosylate and mesylate prolinol derivatives.

The final step in the preparation of the boronic ester intermediatea wmadeophilic
displacenent of either the tosyl group BB, or the mesyl group 89, with the phenol
boronic este40 (Scheme 2.8 Using similar conditions to those reported by Stetk
al.,** the tosylate ©)-38 andphenol40 were reacted with a carbonate base overnight at
50 °C (Table 2.2 entries 32). No reaction occurred and only starting materials were
recovered. Repeating the reaction at a higher temperattrer in reluxing acetonitrile
or in DMF at 110°C (Table 2.2, entries 34) resulted in the formation of a complex
mixture of products. Shomeég the reaction time td hoursand using acetutrile as
the solventresulted in a low yield of 12%f the desirecproduct(S-41 isolatedafter
purification by column chromatograpliyable 2.2 entry 5). The other fractions eluted
from the column carined mostly starting material$n an attempt to gtimise the yield

of the product §-41, the same reaction conins using a carbonate base were
attempted with the less bulkgnd more stablenesylateanalogue(9)-39 (Table 2.2,
entry 6) however thegjield of the product(S)-41 achieved wasow (9%).

/O
HO—< >—B (j\/
Qo AN
40 ocC
N OR el

Boc base (5 eq) (‘)
R=Ts, (S)-38 (S)-41

R = Ms, (S)-39

Scheme2.8. Coupling the tosylater mesylatevith a phenol derivative.
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Entry | R group | Base (5 eq)| Solvent Conditions Yield of (5)-41
1 Ts K2COs CH:CN 50°C, 18 h 0%?

2 Ts CsCO0s CH:CN 50°C, 18 h 0%?

3 Ts CsCOs CHsCN Reflux, 18 h 0%"°

4 Ts CsCOs DMF 110°C, 18 h 0%"

5 Ts CsCO; CHs;CN Reflux, 4 h 12%°

6 Ms CsCOs CHsCN Reflux, 18 h 9%°

Table 2.2 Reaction onditions for synthesisf®oronic ester intermedies.’Only garting materials
recovered”No starting materialbut amixture ofproductsisolated °Yield after column chromatography

One of the side products identifieithat wasformed during the phenol coupling
reactions was oxazolido#? (Scheme2.9). This product hadalso previously been
reported as being formed from a base catalysed rearrangemBRBad pyrrolidine
tosylate38.° The Boc group carbonyl can attatle electrophilic carbon and displace
the tosylate to give the cationic intermddid3. Then abstraction of a proton from one
of the tert-butyl methyl groupscan leadto the loss of @nethylpropene and the

formation of oxazolidond?2.

O ;
% reflux m \)v OTs (@] ©
(S)-38 RN\ a3 42

T E B

Scheme 2.9Proposed mechanism of thade catalysed rearrangemefitosylate38 by Curranat al.®®

In order to suppress the base catalysed rearrangetiheantder of addition of reagents
usedin the phenol coupling reactiomas investigated The basevasfirst added ¢ the
phenol derivativdo generate the phemaé followed bythe addition of mesylateS)-39
(Scheme 2.10) Optimal reaction conditions were explored using the less expensive
phenol44 as a model substrate for thbenolboronic ested0. Following a lterature

procedurethe reactios were initiallycarried out usingodium hydride in THF (Table
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2.3 entries 12).°” Theyield of product(S)-45 obtained after 24 hours was 30%, and
the yield increased only to 36% if the reaction was carried out for 4& hehich was
much lower than the yield reported in the literature of #8%€hanging the solverib

DMF and repeating the reaction @6 °C for 4 hours,resulted in theroduct §-45
which wasisolated in37% vyield (Table 2.3, entry 3). Using the same conditions but
increasing the amount of sodium hydride from 1.5 equivalents to 2 equivalents resulted
in an increase of the product yield 88% but using 3 equivalents of sodium hydride
resulted in a sligity lower yield of 62% of the product (Table 2.3, entrie$)4
Applying the optimal reaction conditions using 2 equivalents of sodium hydride in
DMF with the phenolboronic estederivative 40, resulted in isolation othe desired
boronic esteproduct §-411in a disappointing1%yield (Table 2.3 entry 6).

(TT!
T
@
IS

[

Py

I
T

Scheme 2.100ptimisation of the synthesis of boronic estempounds.

Entry | Phenol | Base Solvent | Conditions Yield (%)
1 44 NaH (1.5 eq) THF reflux, 22 h 30
2 44 NaH (1.5 eq) THF reflux, 48 h 36
3 44 NaH (1.5 eq) DMF 95°C, 4 h 37
4 44 NaH (2.0 eq) DMF 95°C,3.5h 69
5 44 NaH (3.0 eq) DMF 95°C,3.5h 62
6 40 NaH (2.0 eq) DMF 95°C,3.5h 31
7 44 tBuOK (1.1 eq) THF reflux, 27 h 30
8 44 'BUOK (1.1 eq) DMF 75°C, 6 h 70
9 40 'BUOK (1.1 eq) DMF 75°C, 6 h 25
10 40 'BUOK (2.0 eq) DMF 75°C, 6 h 46

Table 2.3 Coupling reactions of phersiith mesylatgS)-39. ®Isolated yield after purification by
column chromatography.
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The coupling reaction wasepeatedwith a different basepotassiumtert-butoxide
(Table 2.3, entries-10). It has been reported in the literature that upoigssiuntert-
butoxiderather tharsodium hydriden DMF allows lowerreactiontemperatures to be
used>’ Therefore the reaction temperatures were lowered t8C75Reactionof the
model phenol44 with mesylate §-39 in DMF at 75°C for 6 hours,gave the
corresponding product Sf-45 in 70% yield after purification by column
chromatgraphy (Table 2.3, entry 8) Applying the sameeactionconditions to the
phenolboronic esterd0 afforded the desiredoronic esteproduct §-41 in alow yield
of 25% (Table 2.3, entry 9). Repeating the reaction but increasing the amount of
potassiuntert-butoxide from 1.1 equivalents 2 equivalents resulted in tisolation of
the desired product§-41 in 46% vyield (Table 2.3, entri§0). The lower yields
achieved with the boronic ester substrate may be due to coordinatBunQi to form
a boronge complex. The samerocedureausing the optimal conditionsasrepeated for
the synthesis of the opposite enantiomiethe boronic ester intermediai®)-41, which
was isolatedn 55% yield(Scheme 2.11)

HO\©\ 1) 'BUOK (2 eq), DMF, rt, 40 min G o
N 'y
B
B-© 2) @ °¢ \©\B/O
N ~,, ~OMs

\O\f |
40 Boc  (R)-39 R-41  °

DMF, 75 °C, 6 h
(55%)

Scheme 2.11Synthesis oN-Boc protected pyrrolidinboronic ester intermediate.

The same synthetic route whdlowed to access theovel indoline N-Boc protected
boronic ester analogué$)-46 and R)-46 (Scheme 2.12 Treatment of commercially
available ind¢ine-2-carboxylic acid47 with Boc anhydride and triethylamirgave the
Boc protected compourdB in 90% yield for thgS)-enantiomet and 58% vyield for the
(R)-enantiomef® Subsequent reductiaf the carboxylic acid moietyith borane. THF
complexresultedin the isolation ofalcohol49 in 73% yield for the(S-enantiomef®

and 626 yield for the(R)-enantiomer® Conversion of the alcohal9 to mesylate50

was achieved using mesyl chloride and triethylamirfénally, displacement of the

27



mesyl group with pheal boronic estedO using potassiuntert-butoxide in DMFat 75
°C, resulted inisolation of theindoline boronic ester intermediadé, in 45% vyield for
the (§-enantiomer and 92 yield for the(R)-enantiomer

Boc,0, Et;N BH5. THF
N OH  CH,Cl, N OH  THF N OH
H 5 0°C,3h Boc 5 0°Ctort,3h Boc
(S)-47 (S)-48 (90%) (S)-49 (73%)
(R)-47 (R)-48 (58%) (R)-49 (61%)
MsCl, EtsN
CH,Cl,
0°Ctort, 2h
Qvao
Boc -
B Boc

-0 'BUOK, DMF, 75 °C, 6 h
(S)-46 (45%) ‘OT>\< (S)-50 (90% crude)
(R)-46 (52%) (R)-50 (87% crude)

Scheme 2.12Synthesis oindoline N-Boc protectedoronic ester intermediates.

2.2 Synthesis of aryledides(ring B)

In order to syrtiesise target compound® and 21 (Figure 1.1}, aryl halideswere
requiredfor Suzuki coupling to the boronic ester intermeds&t2 and46. Initially, aryl
iodides51 and52 (Figure 21), with an iodide groupnetato the acetic acid side chain
and a methyl substituent {R= CH3), were chosen as the ring B structur@hese
structural features were chosen based on literature @uatig acid CRTh2 antagets

developed by Amira (Figure 1).&nd previous GlaxoSmithKline SAR studf@s.

I ¢ X OR; !
O | 31
! A (@) ,

51 52 ¢ Rg :

Figure 2.1. Target compounds for use in Suzuki reactioayl iodides
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Aryl iodide 51 wasprepared by aromatic oxidative iodinatiorcaading to a procedure
by Skulski et al, where arenes were mosmdinated with strong electrophilic’ |
reagents? p-Tolylacetic acid53 wasreacted with iodine ansodium periodate ahe
oxidant,in a strongly acidic slution (Scheme 2.13to afford he crude aryl iodidé&1 in
69% vyield. The crude producbntained a small amount of aiddinated product as
confirmed by mass spectretry The same procedure wéslowed to synthesis¢he
corresponding methyl ester analodisein 76% yield,from methyl 2(p-tolyl)acetates5
(Scheme 2.13 Purification ofthe crudearyl iodide 51 by recrystallisationand the
crude aryl iodidanethyl esteb4 by column chromatographiesulted inapproximately
3-5% of the dtiodinated compoundnpurity remaining It was hoped that this could be
removed after the next coupling step.

OR l,, NalO,4 | OR
o) H,S0,4, AcOH, Ac,0 o
H 51: R=H (69% crude)

55: R = CHj 54: R = CHj (76%)

Scheme 2.13Aromatic iodination ofp-tolylacetic acid and its methyl ester analogue.

The g/nthesis otthe aryl iodide witha methyl grouprtho to the acetic acigide chain
was problematic due to thertho and para directng methyl group $cheme 2.1¢
Using the same iodination procedure as above méthyl 2(o-tolyl)acetates6 resulted
in a mixture ofaryl iodideregioisomerdormedin 54% yield The majorregiosomer
57 hadthe iodide grougarato the methyl groupwhilst theminor regioisomer vasthe

desiredortho iodinated product8. The regioisomers were insephi@ by column

chromatography.
o)
O I2, NalO,4 ~ I O
o)
o H,S0,, AcOH, Ac,0 i 0
56 (54%) | 57 (75:25) 58

Scheme 2.14Aromatic iodination ofnethyl 2-(o-tolyl)acette
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An alternativeproposedsynthetic route to aryl halides of typ2 and58 wasthe Arndt-
Eistert synthesis (Scheme 2)18 Commercially availale 3-bromo-2-methylbenzoic

acid 59 could be converted to the acid chloride and reacted with diazomethane to give
diazoketones0. A Wolff rearrangement in the presence of water should allow for the
formation of the homologated carboxylic acdd. This woudl yield the bromide
analogue ofcompound52, which should still be efective for the Suzuki coupling
required in the next stage of the synthesis of the target compotiwmsever it was
decided to continue the synthesfstlie target compoundsith aryl iodides51 and 54,

and obtain the series of compounds with the methyl substipaeatto the acetic acid

side chain first.

o) 0
+ N
Br op -0 Br _N"" _Ag” (cat)_Br OH
2) (CH3)3SiCHN, H,O o)

59 60 61

Scheme 2.15Possiblesynthetic route taryl bromidesvia an Amdt-Eistert synthesis.

2.3 Suzukicoupling

The boronic ester intermediategere coupled to the aryl iodide&@ a Suzuki reactioft

to generate the biaryl productsinitial Suzuki reactions were carried out with aryl
iodide 51 (Figure 2.1)containing the carboxylic acid moiety. This Walthave been
useful, as it directly generatdtie target products with the desiredarboxylic acid
attached Unfortunately, using aryl iodid&1 in the Suzukireactionsresulted in ery
low vyields of biaryl products. Therefore the methyl ester aryl iodi®4 was used,
which madethe purification of the products easiand allowed higher yiegbf products
to be generated. Howevehis alsoadded an additiai ester hydrolysis step at the end

of the synthesig order to generate the desired carboxyticia

The Suzukicoupling to formthe biaryl compoundsnvolved heating the boronic ester,
aryl iodide a palladium catalyst and a base in a suitable sol{®cheme2.16).

Reaction of theN-Boc pyrrolidine boronic ester §)-41 and aryl iodide54, under
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standard Suzuki conditionwith potassium carbonatend Pd(PPB), in a mixture of
DME/H,0 at 85 °C,* afforded thenovel biaryl product (R)-62 in 20% yield after
purification by column chromatographyTable 2.4, entry 1) The other fractions
collected from the columnontainedthe starting materialsndicating that the reaction
had not gone to completion.

| OMe
Y
54 (1.2 eq) <Nj\/o
Boc \©\ o, Pdcatayst(10mol%) Boc
B/

: base (3 eq)
(S)-#1 0] (S)-62
(R)-41 (R)-62

Scheme 2.16Suzuki coupling reaction ¢i-Boc proline boronic esteend aryl iodideb4.

Entry | Catalyst Base Solvent Conditions | Yield® [enantiomer]
1 Pd(PPB)4 K.CO; | DME/H0 85°C, 22 h | 20% [(R)-62]
(2:1)
2 Pd(dppf)C}. | KsPO, | Dioxane/HO | 85°C, 22 h | 17% crude[(R)-62]
CHCl, (4:1)
3 Pd(OAc) + | KsPOQ, | Dioxane/HO | 85°C, 48 h | 37% [(R)-62
PPh (4:1)
4 Pd(PPB)4 KsPOy | DMF 85°C, 24 h | 82% [(R)-62]
Pd(PPB)4 KsPOy | DMF 85°C, 24 h | 74% [(9-62]

Table 2.4. Suzuki coupling reaction conditiorfésolated yield after purification by column
chromatography.

To optimise theyield of the biaryl productthe use of othepalladium catalysts and
bases wasnvestigated A wide range of Pd(0) catalysts can be used for cross
couplings, or the catalyst is often added as a Pd(Il) complex which forms the active
catalytic Pd(0) speesin situ. Pd(PP§)4 is acommonly used catalyst, but others such
as PdCI(PPh),, Pd(dppf)C} and Pd(OAc) plus phosphine ligands are also efficient as
they are air stabl€’ Changing the catalyst to tiess air sensitive Pd(dppf)Giomplex

and repeating the reaction using potassium phosphate as the base in a mixture of
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dioxane/HO did not improve the yielaf the product R)-62, which was obtained in
17% crude yieldTable 2.4 entry 2). Repeating theaction with Pd(OAg)and PPk
(Table 2.4 entry 3) did result in a slightly improved yield of the crossipled product
(R)-62t0 37% but this was only achieved after the reaction was carried out over 2 days.

In the literature, poor product yields teapreviously been reported for Suzuki couplings
using aqueous basmonditionsand if the aryl boronic ester isterically hindered or
contains electron withdrawing substituenfs. This has been attributed tsteric
hinderance or hydrolytic deboronatiand has beemvercome by usingn anhydrous
base such asaRQ, in DMF.” Repeating theouplingreactionof boronic ester®)-41

with aryl iodide54 using theseeactionconditions with Pd(PPB)4 as the catgbt and
KsPQy in DMF at 85°C for 24 hoursgreatly improve the yield of the biaryl product
(R)-62 to 82% (Table 2.4entry 4). The same conditions were applied to synthesise the
oppositebiaryl enantiomer $-62in 74% vyield (Table 2.4entry 5).

The optimised Suzuki conditionsith KsPO, and Pd(PP{), in DMF werealso applied
to the synthesi®f the biarylN-Boc indoline analogueq9-63 and R)-63 which were
isolated in 80% and 70% yietdspectively(Scheme 2.1)7

[ OMe
PO

54
Pd(PPhs)s, KsPO,
N o o N ©
N" DMF, 85 °C, 24 h Noe O
B/O

OMe
(S)-46 6T>\< (S)-63 (80%) O o)

(R)-46 (R)-63 (70%)

Scheme 2.17Suzuki couplingeactionof N-Bocindoline boronic esterandaryl iodide54.

2.4 Final deprotection and acetylation steps

The final target compounds of ty@® and 21 with the nitrogen subbguent R = H
(Figure 1.11)were prepared using aeries of deprotection steps of tiNBoc

pyrrolidine compoundsSj-62 and R)-62 and the N-Boc indoline compoundsS|-63
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and R)-63. Removal of the Boc group from pyrrolidirkerivative(S)-62 under acidic
conditionswith TFA in dichloromethangieldedthe amine §-64 in quantitative yield
(Scheme 2.18) Subsequent ester hydrolysis of compour®64 with lithium
hydroxide at room temperature afforded the target compdyreb(in 84% yield.

(A e
1:1
oc 0°C-rt,1h H
OMe ’ M
(100% crude) ~ -TFA OMe
o) o)

(5)-62 (S)-64

LiOH, H,O/CHzOH/
THF (1:1:1), 1, 19 h

<j\/ (84%)
T
H

O CO,H

(S)-65

Scheme 2.18Synthesis ofarget compounsia Boc deprotection theaster hydrolysis.

An alternative method was used fitre synthesis of the opposite enantiom)-65
(Scheme 2.19) First, ester hydrolysis of compoun®){62 was accomplished with
lithium hydraxide, which was tén followed by Boc deprotection using 4 M HCI in

dioxane, to afford the target compoumt)-65in 53% yield over two steps.

1) LiOH, HyO/
@ CH3OH/THF @
N o, O (1:1:1) N o, O
Boc H
O oMe 2)4MHCI O
in dioxane COzH
0 rt, 21 h
(53% 2 steps)
(R)-62 (R)-65

Scheme 2.9. Synthesis of target compounih ester hydrolysis then Boc deprotection.
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It wasdecided to apply theoutewhich involved Boc deprotection first, followed by the
ester hydrolysisto the synthesis of the target indoline analogues. Thishegsuse the
intermediate Boc deprotected composimebuld beuseful in thepreparation of other
target compoundteaturing arN-acetyl group. Deprotection of the Boc group from the
indoline derivatives $-63 and R)-63 with TFA yielded amines§)-66 and R)-66 in
guantitative yields (Scheme 2.20Yhis wasfollowed by ester hydrolysis with lithium
hydroxide to afford the target compoun®s-67 in 48% yield, andR)-67 in 49% yield
after purification by column chromatography.

N O CH,Cl, O
Boc OM oM
e TFA e
o) o)

(S)-63 (S)-66 (100% crude)
(R)-63 (R)-66 (100% crude)

Qvao
H

Iz

LiOH, H,O/CHzOH/
THF (1:1:1), rt, 24 h

: O CO,H

(S)-67 (48%)
(R)-67 (49%)

Scheme 2.20Synthesis of indoline target compouwvid Boc deprotectiorandester hydralsis.

The final target compounds of ty@@ and21 with the nitrogen substituent;R COCH;
(Figure 1.11) were prepared kacdaylation and ester hydrolysief the pyrrolidine
compounds 9-64 and R)-64 and indoline compoundsS-66 and R)-66 (Scheme
2.21). Acetylation was achieved using acetic anhydride, triethylamine and DMAP,
which resulted in the isolation of tid-acetyl intermediates in yields between 8.
Subsequenhydrolysis of the methyl estaesulted in the formation ahe N-acetyl
pyrrolidine target compoursl(S)-68 and R)-68 in 73% and 50% yields respectively,
and theN-acetyl indoline target compoundS){69 and R)-69 in 32% and 26% yields
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after purification by column chromatographyrhe low isolated yields of the indoline
derivatives could have been improved by optimisation of the purification procedure.
During the purification by column chromatographyiedoline compounds $-69 and
(R)-69, a fraction was collected that contained a mixture of the desired product and an
impurity, but this fraction was not rgurified because enougbf the clean desired
producthadalreadybeen isolatedbr analysis in the biological assays.

1) i. EtzN, DMAP, CH,Cl,

0 i Ac,0,0°C tort, 21h .0
O 2) LIOH, H,0/CH;OH/THF O COH
o (1:1:1), 1t, 24 h

R = Q\% (S)-64 R= O\}Q (S)-68 (73%)

(R)-64 N (R)-68 (50%)
H Ac
N o (R)-66 N o (R)-69 (26%)
(0}

Scheme 2.21Synthesis oN-acetyl pyrrolidine and indoline target composnd

2.5 Leukotriene B, synthesis inhibition
2.5.1 LTB, synthesis inhibition assay

Compounds65, 67, 68 and 69 were tested by GVK Bio in a cell based assay using
human neutrophils to measure the inhibition of LEgnthesis, in order to determine
the poteny of the compound inhibiting leukotriene synthesis inhibitidnAll of the
compounds tested haddralues in the micromolar range and were inhibitors of L TB
biosynthesigTable 2.95.

' The LTR, synthesis inhibition assay was carried out by GVK Bio (GVK Biosciences, Private Limited,
Plot No. 28A, IDA Nacharam, Hyderabad00076, India). The human biological samples were sourced
ethicallyand their research use was in accord with the terms of the informed consents.
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No. R Mwt calc LogP | ICso pICso’> | BEI®
(ACD) (mv1) 2
(9-65 O\/ 3254 [3.4 1.29 5.9 18.1
>
N
H
(R)-65 3254 [3.4 0.58 6.2 19.1
LN
"/
N
H
(9-68 | 367.4 [3.2 6.64 5.2 14.2
{ I
Ac
R)-68 367.4 [3.2 3.49 5.5 15.0
(R) /N\}l
Ac

(9-67 @_}V 373.4 |46 3.48 5.5 14.7
'77{
N
H
(R)-67 Qj 373.4 |46 1.84 5.7 15.3
N "//}':
H
(9-69 @j\/ 4155 |49 0.46 6.3 15.2
>
N
Ac
(R)-69 Qj 4155 |49 0.50 6.3 15.2
N ,,//;7{

Table 2.5. LTB, synthesis inhibitory activity ®nhibition of LTB, synthesis in human neutrophils by

Enzyme Linked immunosorkent Assay (ELISA) carried out by GVK Bio. The FLAP inhibitor MK886

was used as a referermempound and had = 0.880.99 nM, plGo = 9.1. °pICso = -log(ICs(M)).
°BEI = Binding Efficiency Index= (plCs¢/ Mwt)*1000

Of the compounds testethose withthe ([R)-stereochemistry werslightly more active
than those withthe correspondingSj-stereochemistry, with the exception of the
acetyl indoline compounds3)-69 and R)-69, which had the same pigvalue of 6.3.
Analysis of the free amine compoundi® @nd67) showedthatthe pyrrolidine moiety
gave rise to a better potency than the apoading indoline analogues, for example

pyrrolidine R)-65 (plCsp = 6.2) was 3 times more potent than the indoline analdge (
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67 (pICso = 5.7). The opposite trend was observed forNkecetyl compound se6§
and69), where the indoline analogues wenere potent LTB synthesis inhibitors than
the pyrrolidines, for example indolin®)-69 (pICso = 6.3) had a 7fold better potency
than its pyrrolidine analogu®)-68 (pICsp = 5.5).

The X-ray crystal structure of FLAP bound to inhibitor MK591Figure1.3) indicated
that the binding pocket for the quinoline moiety was restdcand positioned deep
within the FLAP trimer®® Hence it wagpossible some of the differences in potency
observed between the v@us pyrrolidine and indoline groups were caused by limited
space in the binding pocket. The most potent L$thesis inhibitors were the-
acetyl indolines $-69 and R)-69 (pICsp = 6.3). These results corresponded wethe
SAR reported for theFLAP inhibitor AM679 6 (Figure 1.4), where theN-acetyl
indoline moiety enhanced the potency of LEnthesis inhibitior”

The ligand efficiency related to thedficiency per mass unit (BEI binding efficency
index)’® was calculated for each compound. One of the most potent compounds,
pyrrolidine R)-65, was a reasonably efficient inhibitor of LTBynthesis, with BEI =

19.1. This compared favourably to the efficiency of literature FLAP inhibitors in thei
capacity to inhibit LTB synthesis, such as K886 2 (Figure 1.3 with BEI = 18.1 and

AM679 6 (Figure 1.4) withBEI = 13.3%"%2

Based onstructuralsimilarities with literature FLAP inhibitors, it waseasonable to
hypothesisahat the compounds found to be LiIBynthesis inhibitors were targeting
the protein FLAP. Howeverin orderto confirm tre target additional assg would

need to be carried ostich asa FLAP binding assay.

2.5.2 Development ofin in-houseassay

An investigationinto the development adn inthousel TB, inhibition assay using mass
spectrometryor the quantification of LTBwas undertakeh This would haveallowed
for screening a largenumber of compounds at a lower cost compardtidee required

for outsourcing Development of the assay was carried out in collaboration with Dr

" The LTB, inhibition assay was carried out in collaboration with Dr Dean Willis at the UCL pharmacy
department. The development of the MS method and analysis was carriadcollialoration with Dr
Lisa D. Haigh in the UCL chemistry mass spectrometry facility.
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Willis at UCL pharmacy department.The LTB, inhibition assay was carried out
following published procedusé’ The assay involvedhe addition of the test
compound to the cells (mouse leukocytes or human neutrophils were (Gsbgme

2.22) Then the cells were stimulated with a calcium ionophore A2318@hwiberates
arachidonic acidand activates the biosthesis of leukotrienes.To terminate the
reaction, the cell supernatant was centrifuged and the supernatant extracted with a
mixture of dichloromethane and methanol containing 1% formic acid.  After
evaporation of the organic solvents, tiesultantresdue was reconstituted in methanol

for LC-MS analysis.

Cells Cells Centrifuge
incubated » stimulated - supernatant » LC-MS_
with test with calcium and extract analysis
compound ionophore LTB4

Scheme2.22 Summary of th&. TB, inhibition assay.

Key to the success of the method was developmeatnodss spectrometry method for
guantitative LTB analysis This proved to beery problenatic. A calibration curve
using LTB, purchased from SigmaAldrich was establishedwhich wasbased on LE
MS methods reported in the literatuiiéigure 2.2)"%’° From the calibration curvehe
LTB,4 quantification range was0.0810 pg/mL, however this wasiot sufficiently
sensitive Literature nethods have analysedLTB, in the ng/mL and g/mL

concentration rang€s

The mass spectrometer was operated in the ESI negative mode so thatva3B
detected as theeprotonated species [MH]". Selected ion monitoring (SIM) was used
over the mass range/z 334337, so only compounds with a mass corresponding to the
LTB4 [M - H] ion at m/z 335 would bedetected. LEMS ion chromatograms of the
standard LTB solutions containing a known concentration of LB methanol,

showed a single peak = 10 min (Figure 2.3).
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Figure 2.2 Calibration curve (range 0.68) pg/mL) of LTB,.
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Figure 2.3 LC-MS ion chromatogram at standard. TB,4 solution.

To test the LTRB inhibition assay and confirthatthe cells were producing LT;Bnce
stimulated with the calcium ionophottége assay was carried out with no test compound
added to the cellslt was expected that tHeC-MS ion chromatogram wouldhdicate
the presence dfTB, with a peak at retention time 30 min, howeverthis was not

observed angeakswith retention time at 2 and7 minuteswerenoted(Figure 2.4.
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Figure 2.4. LC-MS ion chromatogram adxtracts from calcium ionophore stimulated cells.

The stabilty of LTB,4 in the samples could have been an issti@o isomers of LTB
include 6-transLTB4 70 and 6trans12-epiLTB, 71 (Figure 2.5), which are non
enzymatic hydrolysis products of LT Abut can alsoform from isomerisatiorof LTB,4

at low pH and higliemperature® LTB, and its isomers have the safive - H] ion at

m/z 335 and so the specificity of the EX@S detection method was likely to have been a
problem. The LTB, inhibition assay was repeated with the addition of zileuton (a
known LTB, synthesignhibitor, Figure 1.2) to the cells. If the extra peaks seen in the
LC-MS ion chromatogram disappeared then it would have been likely these peaks
corresponded to isomers of L]BHowever the chromatograms obtained still showed
multiple peaks. The datiiom these experiments proved to be very unreliable and

further development of the assay wed continued

OH OH
NS
LTB,
OH
CO,H NN Y CO,H
XN OH
70 (6-trans-LTBy,) 71 (6-trans-12-epi-LTB,)

Figure 2.5. Structures o TB4 and two isomers-GansLTB, and 6trans-12-epi-LTB..
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2.6 CRTh2antagonist activity assay

Compounds5, 67, 68 and69 were tested in a CRTH&nNctionalassay by Euroscreen
FAST, for antagonist activity on recombinant human CRTf2ble 2.." Each
compound wagested at a single concentoatiof 10 uM The percentagehibition

refers to the inhibition of CRTh2 receptor activation measured by radioligandg®3 P

binding.
.0
T
O CO,H
No. R Percentage No. R Percentage
inhibition 2 inhibition 2
(9-65 14% (9-67 @_)\/ 64%
>y
Q\/ '71./—
: N
(R)-65 / \ -3% (R)-67 @_) 22%
o 2
N ’ "//}"'/—
: N
(S5-68 92% (9-69 Q_)\/ 132%
54
e y
A i
(R)-68 / \ L | 27% (R)-69 72%
N "//;Hl ',//}{
e S

Table 2.6. CRTh2 antagonist activity assay resuftaverage percentage inhibitimi CRTh2 activation
(antagonist activity) on human recombinant CRTh2 receptor, the compounds were tested at a single
concentratn of 10uM in duplicate (n = 2).

The carboxylic acid functionality was already known to be important for CRTh2
binding because the majority of literature CRTh2 antagonists contain this moiety.
Therefore, havingretained the phenylacetic acid group, tHeAR for this set of

compounds focsed on the modifications of the indole or pyrrolidine group. The assay

results revealed three clear trends. The first was $hstéreochemistry gave rise to

" The CRTh2 assay was conducted by Euroscreen (Euroscreen FAST Business Unit, Euroscreen SA, 47
Rue Adrienne Bolland, 6041 Gosselies, Belgium). The human biologicalesmere sourced ethically
and their research use was in accord with the terms of the informed consents.
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more potent antagonism than the correspondigsiereochenstry analogues. The
second trend highlighted the indoline ring was a more potent pharmacophore than the
pyrrolidine ring analogues, for example, replacement of the pyrrolidine ring)468(

with the indoline ring R)-69, improved the percentage inhibiidoy 45%. The final

trend wasthat an N-acetyl group significantly improved CRTh2 antagonism compared

to the free aminedpr example theN-acetyl pyrrolidine compoundS|-68 had a 78%
higher percentage inhibition compared to el pyrrolidine compoundS)-65.

With the current data it was only possible to concltitl the compounds shadmg
antagonistic activity at CRTh2 at 10M were (9-67, (9-68, (9-69 and R)-69. The

most potent CRTh2 antagonmsias theN-acetyl indoline $-69. Testing these fau

active compounds in a dose response screen would provide more information about the
effects of the compounds on the CRTh2 receptor at different concentrations, which
would then allow comparisons to other CRTh2 antagonists reported in the literature.

2.7 Conclusions

A novelseaiesof pyrrolidine and indoline biphenylacetic asidiere synthesised as dual
inhibitors of the leukotriene and prostaglandin inflammatory pathways, by targeting
FLAP and the CRTh2 receptor. The compounds were designed raaetbmbination

of known pharmacophores for potent FLAP inhibitors and CRTh2 antagonists.
compounds evaluatein the biological assays inhibited the synthesid ®B,, with
some alsactive CRTh2antagonists. Theompound that exhibitethe most prornising

dual pharmacology was indolin&){69, which had a plg value of 6.3 for LTRB
synthesis inhibition, and wasantagonist oCRTh2 at 10uM. Compound $-69
could provide a good starting point for lead optimisation of dual inhibitors of
leukotrienesynthesis and the CRTh2 receptor, as potentiadiaffaiimmatory drugs for

diseases such as asthma.

Future biological testing should include a FLAP binding assay to determine if this is the
target of the compounds which leads to their L' Bgnthesis intbitory activity. In
addition, doseesponse curves should be generated for the compounds that were active

against the CRTh2 receptor.
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Future medicinal ¢:emistry studiesould focus on further SAR based on the most
promising dual inhibitor $-69. Modifying aryl ring functonalities could be explored,
as well as the positioning of the acetic acid groupdification of theindoline ringto
either the indole or reverse indofe’hich are common pharmacophores for CRTh2

receptor antagonists) could also bplered.

Unfortunately the project was not able to be continued further because the required
assays to determine the bioactivities of the compounds was very expensive to outsource.
It would not have been possible to obtain the biological data for aeyommpounds

that were synthesised.
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Part B: Synthesis of tetrahydroisoquinolines, tetrahydrobenzazepines and
profens and their antimycobacterial properties

3. Intr oduction

3.1 Antimycobacterial drug discovery
3.1.1 Tuberculosis: drugs ad resistance

Tuberculosis (TB) is an infectious disease causedhBypathogerMycobacterium

tuberculosighat most commonly affects the lungs. It is a serious global health problem

that is particularly widespread in developing countries, and is thexddeading cause

of death from a single infectious agent. In 2013 it was estimbtg® million people

developed TB and 1.5 million died from the dise¥sébout one third of the
population is estimated to be infected with asymptomatic ldfentiberculosiswhere

the mycobacteria ar@able but apparently nereplicating andthe risk of reactivation

and developing infectious TB is approximately &%This is even higher in patients

with compromised immune siems such asthose with HIV infection, diabetes,

malnutrition and cancé?

The current treatment for drigysceptible TB (TB that is not drug resistant) relies on
drugs developed over 50 years agond is at least a 6 month regimen of a combination

of the four firstline anttTB drugs: isorazid 72, rifampicin 73, pyrazinamider/4 and
ethambutol’5 (Figure 3.1). A combination of drugs is used because they have different
targets and mechanisms of action (Table 3.1), which allows for the shortest treatment
time and reduces the risk of resistaremerging. Successful cure rates of over 90% for
drug-susceptible TB are achieved following the filise drugs treatmerif. Despite

this, patient adherence to the long treatment time and multiple drmbjirations can be

a problem and can result in relapse of Me tuberculosisinfection, the continuous

spread of the disease and the emergence of drug resistance.
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| ™) 72 (isoniazid)
2~ Mwt =137.1
calc LogP (ACD) =-0.9
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NG H 73 (rifampicin)

N HO Mwt = 822.9

74 (pyrazinamide) 75 (ethambutol) calc LogP (ACD) = 1.1

Mwt = 123.1 Mwt = 204.3 '

calc LogP (ACD) =-0.4  calc LogP (ACD) =-0.1

Figure 3.1Firstline antiTB drugs.

First-line drug Primary t arget M echanismof action

(year discovered)

Isoniazid (1952) Enoylacylcarrier Inhibits mycolic acid synthesis
protein reductase

Rifampicin (1963) RNA polymerase Inhibits transcription

Pyrazinamide (1954) | 30S ribosomal subunit | Inhibits transhtion, acidifies

cytoplasm
Ethambutol (1961) Arabinosyl transferaseq Inhibits arabinogalactan synthes

Table 3.1.Firstline anti-TB drugsand their targets and mechanism of action

Multi-drug resistant TB (MDR'B) is caused by mycobacteria that arsis&nt to the
two most potent firstine drugs isoniazid2 and rifampicin73. In 2013 an estimated
3.5% of new and 20.5% of previously treated TB cases were-WIB& The current
treatment for MDRTB requres a minimum of 20 months using a combination of
secondine anttTB drugs (Table 3.2). These are either less effective thanrlifiest
drugs or have serious side effectsnd include aminoglycosides, polypeptides,
fluoroquinolones, thioamides, cyclose andp-aminosalicylic acid* Recently two
new drugs were approved for use against MOBR In 2012 a diarylquinoline
compoundbedaquiline76 (Figure 3.2was approved by the FQAut for use only when
no other drugs are available due to safety cond@mn$n 2014 a nitroimidazole

delamanid77 (Figure 3.2)was approved by the European Medicines Agency and is
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undergoing clinical studi€$. Chemical scaffolds such as benzothiazinones and
oxazolidinones have also been shown to have promising potency agstwbacteria
and are in preclinical or clinical development as potential BBtdrugs.

Secondline drug Primary t arget Mechanismof action
(year discovered)
Aminoglycosides: 30S ribosomal subunit| Inhibits proten synthesis
1 Streptomycin(1944)
1 Kanamycin(1957)
Polypeptides: Ribosomal subunit Inhibits protein synthesis
q Capreomycin (1960s) | interface
Fluoroquinolones: DNA gyrase and DNA | Inhibits DNA supercoiling
{ Levofloxacin topoisomerase
1 Moxifloxacin
Thioamides: Enoylacylcarrier Inhibits mycolic acid synthesis
1 Ethionamide (1961) | protein reductase
Cycloserine (1955) D-alanine racemase | Inhibits peptidoglycan
and ligase synthesis
p-Aminosalicylic acid Dihydropteroate Inhibits folate biosynthesis
(1948) synthase
Bedaquiline (2005) ATP synthase Inhibits energy metabolism
Delamanid (2006) Unknown Inhibits mycolic acid synthesis

Table 3.2. Secondine drugs used for the treatment of tuberculosis.

@)
F300/©/ U\@\
Oﬁ(jg%”“oz
Y0 N

76 (bedaquiline) 77 (delamanid)
Mwt = 555.5 Mwt = 534.5
calc LogP (ACD) =7.6 calc LogP (ACD) =4.8

Figure 3.2.Recently approved compounds for the treatment of MIBR

The emergence of extremely drug resistant TB (XIB) has made the disease even

more difficult to treat. XDRTB is caused by mycobacteria resistant to the-lfinst
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drugs isoniazid’2 and rifampicin73, and the seconlihe drugs (a fluoroquinolone and

at least one of the injectable aminoglycosides or polypeptides). The emergence of
MDR- and XDRTB highlights the urgent need for new ahB drugs that shorten the
duration of treatment and have good efficacy and safety profiles.

TB drugs occupy a diverse emical space and often have physiochemical properties
that are not typical ofdrupi ke compounds or do n%FEorconf
example the firstline drugs include small polar molecules such as isonid2idnd
ethambutol75, but also larg and complex molecules such as rifampiéi(Figure

3.1). The secontine drug bedaquiling6 (Figure 3.2) is highly lipophilic (calc logP
(ACD) = 7.6) witha fairly high molecular weight of 555.5. The nitroimidazole group
present in delamanid7 (Figure 3.2) is essential for its antimycobacterial activity but
not typically associated with dreitke molecules. These examples highlight the
diversity in physiochemical properties of some of the most potent antimycobacterial
compounds, and it has been posed that new lead compounds should be sought from a
more chemically diverse space such as natural products and their deri¥fatives.

3.1.2 Determining antimycobacterial potency

Whole-cell (or phenotypic) screening involves testing series of compoundthdar
ability to inhibit the growth of mycobacteria and gives a measure of a compounds
antimycobacterial potency. It has proven to be a successful strategy for discovering
new antimycobacterial compounds, such as in the discovery of beda@6itisevellas

other compounds currently in clinical trials for the treatment of tubercifosiBhe

major advantage of wholeell screening is the ability to directly determine if a
compound inhibits the growth of mycobacteria at a specific concentration. In
compaison, the alternative method of target based screening (which involves testing
compounds for their ability to inhibit a specific target) can be limitethbypotencyof

a compound for a specific target not translating into whole cell antimycobacterial
activity. Whole-cell screening also offers the advantage of being able to discover novel

antimycobacterial structures with new mechanisms of action.

Tuberculosis drug discovery is challenging because of the slow growth rate and highly

infectious nature ofM. tuberculosiswhich can only be handled in specialist
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laboratories. A way to avoid these limitations is to use different mycobacterial species
as surrogatesuch asM. aurum M. smegmatier M bovisBCG. M. aurumis relatively

fast growing and nopathogenic and has been shown to have an antibiotic
susceptibility profile similar to that dfl. tuberculosis® This makesit an excellent
surrogate model fathe early stage screening of compounds antimycobacterial activity.

A whole-cell screening metlibdeveloped by the Bhakta grokpown as SPOTi (spot
culture growth inhibition assay), is a rapid and convenient high throughput assay for
determining antimycobacterial activity of large libraries of compouadd has been
used in combination witM. tubercuosis surrogates such a4. aurum® The SPOTI
method allows for the determination of the MIC (minimum inhibitory concentration) of
a compound. This is defined e minimum concentration of@mpound regired to
completely inhibit the growth of the mycobacteri@he MICis important for assessing
antimycobacterial potency of compounds in early stage dsag\kery

3.1.3 Repurposing drugs

The repurposing of drugs describes the discovery of new phamgéadlactivities for
existing or old drugs. Existing drugs already have known pharmacological, toxicity and
safety profiles, so if they are repurposed for a different disease the time and expense of
clinical development is reduc€l. This would be a majo advantage for the

development of new drugs for the treatment of infectious diseases sucitas TB.

Non-steroidal antinflammatory drugs (NSAIDs) are widely used for the treatment of
pain and inflammation but have recently been shown to also possessstintgr
antimycobacterial properties. In a study by Geldal, the NSAID oxyphenbutazone
was shown to be selectively mycobactericidal to-replicating TB%® In another study

by the Bhakta group, NSAIDs with aaylpropanoic acid structure (profens) rere
evaluated as potential atB drugs® Ibuprofen78, loxoprofen79 and carprofer80
displayed growth inhibitory properties agaimdt tuberculosisand had MICs between
40-75 pg/mL (Figure 3.3). Synthetic derivatives of ibuprofé®with substitution

the carboxylic acid moiety for either the methyl ester or an amide derivative resulted in
loss of activity or increased cytotoxicity (Figure 3.3). This suggested a free carboxylic

acid was required for antimycobacterial activity. Modifying the aromatig of
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ibuprofen 78 to the 3,5dinitro analogue resulted in an improvement of activity with
MIC = 30 pg/mL (Figure 3.3).

OH 0o OH OH
O (0]
78 (ibuprofen) 79 (loxoprofen) 80 (carprofen)
MIC = 75 ng/mL MIC = 70 ng/mL € Mic = 40 pgimlL

3,5-dinitro substitutononthe ________ |1"""--- '
aromatic ring improved potency:
MIC = 30 pg/mL

Free carboxylic acid
e
| required for activity

Figure 3.3. Antimycobacterial activit of NSAID 2-arylpropanoic acid racemat@dIC refers to he
minimum inhibitory concentration againgt tuberculosids/Rv).

Ibuprofen78, carprofen80 and the dinitro analogue of ibuprofen were also shown to
have activity against the growth of MBRB strains and could have a potential novel
mechanism of actiotompared to current TB treatments. Further SAR of the 2
arylpropanoic acids would be beneficial in the development of more potent

antimycobacterial compounds and could help with target elucidation.

3.1.4Mycobacteria efflux pumps

Mycobacteria such adl. tuberculosiscan acquire mutations iargetgenes which are
responsible for resistance to individual drdgsHowever, mutations are not the only
cause of drug resistan@e TB. Otherkey factors play a role, including intrinsic (or
natural) resistace from the permeability barrier of the cell wall and the active efflux of
drugs out of the cell. Bacterial efflux pumps are membrane proteins that can transport a
range of substrates out of the cell, and can contribute to drug resistance by either
preveriing a drug from reaching the intended target or by decreasing the concentration

1° A subinhibitory level of an antTB

of drug inside the cell to a stibhibitory leve
drug over the long treatment period represents a particular problem as it incheases t

chances of genetic mutations occurriig.
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Using compounds that are efflux pump inhibitors (EPIS) in combination witkhT&nti
drugs is a possible strategy for preventing the emergence of drug resistant TB, as well
as improving efficacy of anfiB drugs that are subject to efflu¥ EPIs include
verapamil81, chlorpromazine82, the plant alkaloid reserping3 and spectinomycin
)99

analogues4 (Figure 3.4)." These compounds are often used experimentally but there

are currently no mycobacterial efflux pump ibibors in clinical use.

e

1 (verapamil)

OM
OM
C|/©: H OH ©  OMe OMe

83 (reserpine) OMe
N~ O

82 (chlorpromazine) | 84 (spectinomycins)

Figure 3.4. Efflux pump inhibitors of mycobacteria.

Verapamil81, when used in combination with the filgte antiTB drug rifampicin73,
has been shown to reduce the MIGo#l againstM. tubeulosisin vitro compared to

100

using rifampicin73 alone.™> When verapamiB1 was used in combination with the

secondline drug bedaquiling6, an 8fold reduction in the MIC was reported, with
equally promising results observed iim vivo studies'® These tudies highlight the

important role EPIs could have in a8 drug discovery.

3.2 Tetrahydroisoquinolines
3.21 Structure and biological activity

1,2,3,4Tetrahydroisoquinoline (THIQ) derivatives are important nitrogen containing

heterocyclic compounds medicinal chemistry. These compounds are abundant in
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nature, with the THIQ ring system present in many alkaloid natural products which
display a wide range of biological and pharmaceutical activities. Alkaloid THIQ
derivatives such as morphine, emetiberberine, noscapine and tubocurarine have been
used for various pharmaceutical applications (Figure 3.5). Téebdtituted THIQ
scaffold has also been used in synthetic drugs such as solifenacin (Figure 3.5).

‘r
‘

MeO OMe

Noscapine
(antitussive, anticancer)

Emetine
(antiprotozal)

MeO
1,2,3,4-tetrahydroisoquinoline

| (THIQ) ] o

(0]
Lo B
bl
0O ~N @)
O Ay e s
OMe

Morphine Solifenacin Tubocurarine
(analgesic) (antimuscarinic) (muscle relaxant)

Figure 3.5. Tetrahydroisoquinoline derivatives and their pharmaceutical properties

THIQ derivatives are structurally diverse, ranging from the more simgleb&tituted

THIQs to more complex structures like morphine. Simple THIQs have a broad range of
bioactivities which makes them attractive targets in drug discovery. They can also be
useful precursors for the synthesis of more complex structures and therefore the

development of efficient strategies for their synthesis is important.
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3.2.2 Antimycobacerial properties

Antimycobacterial properties have been reported for both natural THIQ containing
alkaloids®® and synthetic THIQS®® The Bhakta group recently identified aporphine
alkaloids §)-leucoxine85 and 3methoxynordomesticin86 (that both contaira THIQ
moiety) that inhibited the growth of mycobacterial species incluMngovisBCG and

M. tuberculosigFigure 3.6):%

OMe
85 ((S)-leucoxine) 86 (3-methoxynordosmesticine)
Isolated from Ocotea macrophylla Isolated from Rhodostemonodaphne crenaticupula
MIC M. bovis BCG = 25 pg/mL MIC M. bovis BCG = 25 pg/mL

MIC M. tb Hs,Rv = 64 ug/mL

Figure 3.6. THIQ containing aorphine alkaloids with antimycobacterial properties.

To further eaamine the THIQ scaffold, a series oklbstitued THIQ analogues were
synthesised in the Hailes group using either a Bisd\égrieralski reaction (section
3.3.1) or a biomimetic Pictédpengler reaction (section 3.3.4) which required a
phosphate catalystndwas suitable for a variety of aldehyde and amine subsff&tes
These compounds were evaluated for their antimycobacterial properties by the Bhakta
group®® THIQs 87-90 with a 6,7dihydroxy or a éhydraxy substitution inhibited the
growth ofM. bovisBCG with MIC = 86100 ug/mL (Figure 3.7). Compourl7 (MIC

= 100 ug/mL) was the most structurally similar to the aporpi®ewhich suggested
that the methylenedioxybenzyl substituent at the @osition wa contributing to the
antimycobacterial activity. fe presence of a lipophilic chain at thel @osition also
conferred antimycobacterial activity in compou@®s(MIC = 80 ug/mL) and90 (MIC

= 100pug/mL).
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HO O HO O HO HO
HO NH NH HO NH HO NH
I B

o =

87 88 89 90

MIC = 100 ug/mL  MIC = 100 pg/mL MIC = 80 pg/mL MIC = 100 pg/mL

Figure 3.7. 1-Substituted THIQs that inhibit the growth of mycobacterial species. MIC values refer to
the concentration of compound required to inhibit the growtl.dfovisBCG in a SPOTi assay.

In the same study another series of THIQ compounds with a halogdwe &3
position, a hydroxy or methoxy group at the8(position, and a benzylic or phenyl
substituent at the -@ position were shown to inhibit the growth BF. bovis BCG
(Figure 3.8 THIQs 91 and 92 with a Sbromo8-hydroxy substitution conferred
marked antimycobacterial activitgnd the benzylic derivative2 (MIC = 20 pg/mL)
was three times more potent than the phenyl deriv&IlveMIC = 60 pg/mL). If the
hydroxy group was replaced with a methoxyuyp, such as in compour@B, the
antimycobacterial activity was retained (MIC = @@/mL) but the cytotoxicity of the
compound towards murine macrophage céRAW264.7) increased. It was also
observed that the-bromo analogu®3 conferred more potenchan either the &hloro

analogue94 (MIC = 40 ug/mL) or the 5iodo analogu®5 (MIC = 50 ug/mL).

Br Br X

Cl W OO L
OH e} OH 0 OMe 0
(g (L (L
@) @) 0]

91 92 93 X =Br, MIC = 20 ug/mL
MIC = 60 pg/mL MIC = 20 ug/mL 94 X =Cl, MIC =40 pg/mL
95 X =1, MIC =50 pg/mL

Figure 3.8 Halogenated -bubstituted THIQs that inhibit the growth of mycobacteria. MIC values refer
to the concentratioof compound required to inhibit the growthMf bovisBCG in a SPOTi assay.

53



The THIQs87, 89 and 94 were found to be specific inhibitors of mycobacteria. They
were active against other species of mycobacteria sukh asiegmatigandM. aurum

but trey were not growth inhibitors of Granegative bacteria such &s coli and P.
putida, or acidfast Rhodococcus equRHAL. This suggests these compounds target a
mechanism that is specific to mycobacteria. A number of the THIQ compounds
including 91 and 92 were shown to inhibit the MurE ligase df. tuberculosis(ICso

<111 pM), a key enzyme involved in the early stage of mycobacterial cell wall
peptidoglycan biosynthesis. There was a positive trend observed for the correlation
between the growth inhibdn of M. tuberculosis(MIC) and the inhibition of MurE
(ICsp) but it was not particularly strong. Therefore it is probable that other targets are
also involved. The results from this study highlighted the excellent potential of the
THIQ scaffold for thedevelopment of future anfiB drugs.

3.3 Synthesis of tetrahydroisoquinolines
3.3.1 BischlerNapieralski reaction

The BischlerNapieralski reaction is a frequently used method for the synthesis of 1
substituted THIQS% It involves the cyclisation of ahenylethylamidesuch as96 in

the presence of a dehydrating agent to formsaldstituted 3, 4lihydroisoquinolined?,

and in a second step this is reduced to themulistituted THIQ98 (Scheme 3.1).
Common dehydrating agents include phosphorus oxychlgF@«€kE) and phosphorus
pentoxide (POs), and the cyclisation reaction is typically carried out in refluxing
toluene or xylene. Many functional groups do not tolerate the harsh conditions needed
for the reaction and so protecting groups are often requideidh can make this

synthetic approach staptensive.

MeO MeO MeO
POC|3 NaBH4
HN @) N — = NH
\f Bischler-Napieralski

26 R cyclisation 97 R 98 R

Scheme 3L. BischlerNapieralski cyclisabn/reduction reaction for-&ubstituted THIQ synthesis.
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The intermediate 3;dihydroisoquinoline contains the C=N bond whitias the
potential to be reduced asymmetrically, yielding THIQs with a single enantiomeric
configuration at the €@ position. Metal catalysed asymmetric hydrogenation of 3,4
dihydroisoquinoline intermediates has been used for the preparation of chiras. THIQ
For example in a recent synthesis towards an antiepileptic compound, a chiral
ruthenium catalyst was used to generate the TH9QNn 87% ee (Scheme 3.3
Whilst this enantioselectity was good, itwould need to be higher for pharmaceutical
compoundsynthesis Metal catalysts used in the asymmetric synthesissafafituted
THIQs can be expensiyéave limited occurrence and are often toxid.herefore

sustainable synthetic approaches are more desirable.

MeO MeO catalyst:
O N Chiral Ru catalyst mH Ph
MeO 2 "~ MeO Y =5

HCOzH/EtsN z T
O (94%) RU-NTs
clI” |
99 N\;)‘Ph
Cl 87% ee Ph

Scheme 2. Ruthenium catalysed asymmetric hydrogenation of Bisdkgrieralski intermediates.

3.3.2 Classical PictetSpengler reaction

The PictetSpengler reaction is a widely used method for the synthesiswolbgtituted

THIQs. It was discovered in 1911 by AnPictet and Theodor Spengler who
synthesised 1,2,3#trahydroisoquinolinel100 by heating phenylethylamine and
dimethoxymethane (a formaldehyde equivalent) in hydrochloric acid (Schent&®3.3).

(N, - Mol HoLe Y7
+
NH; H™ H (40%) NH

100

Scheme 3.3The first discoered PictelSpengler reaction.
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The PictetSpengler reaction typically involves the condensation of a phenylethylamine
such as dopamine01and an aldehyde under acidic conditions to form an intermediate
iminium ion 102 (Scheme 3.4). This is followed bgyclisation through an
intramolecular electrophilic aromatic substitution to form the THIQ prodi08t

HO

+ HO
HOm )OJ\ H
+ _~NH NH
HO NH, Rr“ >y -H20 | HO [+ HO

101 102 R 103 R

Scheme 3.4Mechanism of the acid catalysed Piekgengler reaction fahe synthesis of THIQs.

One particular chllenge in synthesising THIQs using the Pi3gengler method can

be the low reactivity of the imine intermediate. To overcome this, high temperatures
and strong acidic conditions or even superacidic conditions have been used to promote
the reactionbut this limits the functional group compatabilit? Strong Bronsted acid
catalysts are commonly used including acetic acid, trifluoroacetic acid pand
toluenesulfonic acid. More recently examples of Lewis acid catalysed-Bteiler
reactions have beemeported including calcium complexes and Yb(QFfj**!
Another strategy used to enhance the electrophilicity of the intermediate imine has been

to generatd-acyliminium ions, commonly called acyl Pict8pengler reaction’s?

The PictetSpengler reaction ipromoted by phenylethylamines with electron rich
aromatic rings. Electron donating groups on the aromatic ring (such as hydroxy or
methoxy substituents) that apara or ortho to the cyclisation positioffiacilitate the
reaction by increasing the nucledlfity at the position of cyclisatioh* The
regioselectivityof a PictetSpengler reaction also depends on the electron donating
substituents on the aromatic ring. For example, for phenylethylahiih§ Scheme

3.5), cyclisation of the iminium intermedia can occur either at the positiparato the
hydroxy group to yield THIQLO5 or the positionortho to the hydroxy group to yield
THIQ 106* Generally the least sterically hindered position is the predominant site for
cyclisation (unless this positioa blocked by a substituent) resulting in THLQ5 being

the major regioisomer formed. The ratio of regioisomers can vary depending on
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reaction conditions and complete regioselectivity for the THIQ product where

cyclisation occurparato the electron donig group is often observed.

cyclisation ortho to
activating -OH group

HO NH RO
2
+ PhCHO TFA NH NH
CH,Cl,

Ph OH Ph
105 (major) 106 (minor)
ratio 105/106 = 88:12

104 cyclisation para to
activating -OH group

Scheme 3.5Regioselectivityof thePictetSpengler reaction

Despite some of the requirements for Pi§pengler reaction® has remained aseful
method for the synthesid many THIQderived natural products and biologically active

compounds.

3.3.3 PictetSpengler reaction in nature

In nature the PicteBpengler reaction is used to generate THIQ alkaloids. The enzymes
that catalyse this biosynthetic reaction are called P#peingérases. One of these
enzymes is norcoclaurine synthase (NCS) which catalyses the stereospecific
condensation of dopamink01 and 4hydroxyphenylacetaldehyde -@PAA) 107 to

give the THIQ product§-norcoclaurine108 (Scheme 3)6'*° This is an important
reaction because it is the first step in the pathway to all the benzylisoquinoline alkaloids,
which consist ofmore than 2500 known structurasd are all synthesised from the

central precursorg)-norcoclaurinel08.1

The proposed mechanism of the NCSabated PicteSpengler reactio(Scheme 3.6)
begins with the initial formation of an iminium iak09, followed by deprotonation of
the 3hydroxy group which promotes cyclisation onto the iminum mdiEty.The

resulting quinond.10is deprotonated irreverdibto form (S-norcoclaurinel08
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109 110 (S)-108

Scheme 3. Proposednechanism of th@ictet Spengler reactionatalysed by NCS.

In plants NCS catalyses the stereospecific formatiorgehgrcoclaurinel08 with the

newly created chal centre at position-@ formed exclusively in the§-configuration.

This excellent stereoselectivity has been utilised in NCS enzyme catalysis for the
synthesis of structurally divers&{THIQs, and this approach also offers a sustainable
alternativecompared to classical organic synthé&is!®*?° A limitation of enzyme
catalysis can be substrate specificity. Several aldehydes are accepted as substrates by
wild type NCS but dopamine tolerates less functionalisation which can limit its
synthetic appliations. However, evaluation of the substrate scope of NCS enzymes
remains an active area of reseanafith more detailed studies of the mechanism and

kinetics of the PicteSpenglerase NCS being reportéd.

3.3.4 Biomimetic PictetSpengler reaction

A biomimetic version of the Pict&pengler reaction mediated by phosphate catalysis in
water was reported by the Hailes grdéd.The reaction mimics the naturally occurring
reaction in plants for the synthesis of norcoclaurd®8 It was established that
dopamine 101 undergoes a Pict&pengler condensation with-HIPAA 107 in the
presence of a phosphate buffer under mild reaction conditions (pH6) 56 yield the

THIQ norcoclaurinel08 (Scheme 3.)f Phosphates were shown to have an important
role in thereaction and act as catalysts, since when the reaction was carried out in water
with no phosphate preseiss than 1% of norcoclaurid®8 wasformed. In addition,
carbonate, sulfate, borate and vanadate yielded the prda@8cwith less than 4%
convesion. Phosphates shown to catalyse the reaction included inorganic phosphates
as wel |l anonophosphate (UBIP) 8nd glucek@hosphate.
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HO. 3 HO
Buffer Conversion to 108
HOmHz buffer (0.1 M) O i [ ®R,PO, —
CH3CN HO NaH,PO, 75%
2O pH6,50°C UMP 75%
/©/\/ O Glu-1-phosphate  74%
HO 108 water <1%

Scheme 3.7Biomimetic phosphatmediatedPictetSpengler reaction.

The mild conditions used for the biomimetic reaction makes it suitable for a range of
less stable amine and aldehyde substratedin contrast to the Bischlddapieralski
reactiondoes not require the use of protecting grougewever, the phenylethylamines
require an electron donatiii@H or-NH, group at the € position in order sufficiently
activate cyclisation of the imine intermediate. A wide range of aldehydes were tolerated
in the biomimetic PictetSpenglerreaction with dopaminelO1 including aliphaic,
aromatic and benzylic aldehydes. This simple one step method is suitable for the
synthesis of structurally diverse sets of THIQ alkaloids, as demonstrated by the

synthesis of a library of compounds for screening in antimycobacterial a83ays.

A proposed mechanism of the phosphate mediated f&ptatgler reaction involves
two possible ras of the phosphate (Schemes 3.8 anjl 3EBhosphateould act as a
baseand abstract a proton from the6Chydroxygroup of the iminel1l, activating the

ring for addition to the electrophilic imingcheme 3.8) Abstraction of the proton at

position G8a of112by phosphate could thdacilitate rearomatisation to THIQ13.

Pi/‘h'
oY foN HO
mH = mH T I:Q\IH
HO S HO | HO
R ) R R
111 Pi” 112 113

Scheme3.8 Proposedole of phosphate in the biomimetic Pie&pengler reactio(Pi is inorganic
phosphate)
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Phosphate coul@lso act as a nucleophile (Scheme B#&nd attack the imind11 to

form aminophosphaté14 Subsequent deprotonation of thes Giydracy group and
rearomatisation could be facilitated by the phosphate group through the formation of a
6-membered ring intermediafd 5

/\ B Oﬂj\ii(\ ]

HO
< _NH
HO :
m*‘ jgj/\ ,'"/7<R - NH
R /0 HO
Oo.\\ O
P' 11 114 \iD O 115 P 113R
| — OH J

OH

Scheme 3.9Proposedole of phosphate in the biomimetic Pie&pengler reaction.

A recent study by the Maresh group has shtvatithe concentration of phosphate used
in the biomimetic PicteSpengler reaction can affect the regioselectivity of the
reaction*® In their one pot procedarfor the synthesis of THIQs from amino acids,
they monitored the Pict&pengler reaction between propanal and doparhiieby
HPLC for the formation of THIQ productslé and117 (Scheme 3.10

o HO _ascorbic acid
N
H)K/ HO NH, phosphate NH Ho
101 buffer (pH 7) OH

phosphate 17

NaOCH| p itfer (pH 7)
Phosphate conc. Conversion to 117
HO,C_NH; 0.01M 13.9%
H< 0.3 M 0.8%

Scheme 3.100nepot bianimetic PictetSpengler reaction from amino acids.

When a high concentration of phosphate was used (0, 3nB)THIQ 116 was formed
as the major produathere cyclisation occurregara to the electron donating hydroxy

group. Less than 1% of the reomer 117 (formed through cyclisationrtho to the
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electron donating hydroxy group) was detected by HPLC. When the reaction was
repeated at a lower phosphate concentration of 0.0th&lfomation of the minor
THIQ regioiomer117 became more significant, thiapproximately 14% conversion.

3.3.5 Asymmetric PictetSpengler reaction

The cyclisation step in the Pict8pengler reaction creates a new chiral centre atthe C
position of the THIQ product. The biological or pharmacological activity of 1
substitued THIQs is often displayed by a specific enantiomer and therefore research
into asymmetric methods for their synthesis is important for drug development.

There are a number of diastereoselective Rigpeingler reactions for the synthesis of
1-substitued THIQs using substrates containing chiral auxiliafi@ésFor example, in a
synthesis ofRR)-salsolidinel18 ap-tolylsulfinyl chiral auxiliary was used to contrifie
stereochemistry (Scheme 3)##* The PictetSpengler reaction ofN-sulfinyl
phenylethyamine 119 with acetaldehyde yielded THIQ20 in 86% de and he chiral
auxiliary was removed in the presence of hydrochloric acid ouitlracemisation.
Although diastereoselective reactions allow for the synthesis of a singlédgtituted
THIQ enantiome they can be step intensive requiring the installation and removal of

chiral auxiliaries.

MeO 1) CHsCHO, BF5.0Et,  MeO

m /©/ 78 °C (dr = 93:7) I;G /©/
MeO HN.. MeO - N\§
0

§ 2) chromatographic H
119 O separation of 120 ~
diastereoisomers
(81%) lHCI, EtOH, 0 °C
(92%)

NH
MeO Y

118 (R)-salsolidine
ee = >98%

Scheme 3.11Asymmetric gnthesis ofa 1-substituted THIQ using chiral auxiliary approach.
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Asymmetric organocatalysis is thase of chiral organic molecules to catalyse
enantioselective transformations. hel first enantioselectiv@rganaatalytic Pictet
Spengler reaction was reportby Taylor and Jacobsen in 2004t it was not for the
preparation of thé'HIQ scaffold, insteador the synthesis offetrahydreb-carbolines
(THBCs).'*® Their strategy involved using a chiral thiourea catalyt (a hydrogen
bond donor catalyst) and enhancing the reactivity of the imine intermediate by
generating theN-acyliminium ion, which affordedhe N-acyl THBC products122in
85-95% ee (Scheme 3.12

NH, 1) RCHO, 3A MS or Na,SO, NAC
A\ » N
2) AcCl, 2,6-lutidine, Et,0 N R

N
H Bu S H
: 122

Bu),N__~ -
(Bu), WANJ\N\ yield = 65-77%
o H H { oh ee = 85-95%
121 (5-10 mol%) \ /

Scheme 3.12Asymmetric acyl PicteSpengler reaction (R = alkyl group).

A number of chiral thiourea catalysts and chiral Bronsted phospdcid catalystsdwve

been used in the enantioselective organocatalytic FSgtengler cyclisation, but most

of these have been restricted to tryptamine derivatifeShe success of these reactions

can be attributed to the high nucleophilicity of the indole system tle indole NH can
hydrogen bond to the Bronsted acid catalyst enabling greater stereoselective control. In
comparison, the benzene ring in phenylethylamines is less nucleophilic than the indole
in tryptamine. Therefore the Pict8pengler cyclisation of mmylethylamines to
THIQs often requires higher temperatures and stronger acidic conditions which makes

the development of asymmetric versions more challenging.

Only recently the enantioselective organocatalytic approach was extended to the
synthesis of THQs by Hiemstra and coworkel%. A series of isubstituted THIQ423
(Scheme 3.13)with ee up to 86% were prepared froMi(o-nitrophenylsulfenyh
phenylethylamines124 using BINOL phosphoric acid catalysed Pict&pengler

reactions The phenylethylamine gaired a 3hydroxy substituent in order to enhance
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the reactivity of the ring. The sulfenyl moiety was crucial for enantioselectivity and to
increase reactivity of the iminium ion intermediate. A range of aliphatic aldehydes were
used in the reaction reling in the chiral THIQ product$23in yieldsof up to 95%.

catalyst: (R)-TRIP

RCHO HO

HO (R)-TRIP (5 mol%) :@@
NH  toluene, 80 °C MeO N\N
MeO NpS/ -
(S)-BINOL, AcOH

124 123

yields up to 95%
ee up to 86%

R = (substituted)-alkyl
or aryl

Scheme 3.13Enantioselective organocatalytic Pieftengler reaction. Npse=nitrophenylsulfenyl.

The Hiemstra group also used tBeantioselectivgphosploric acid catalysedPictet
Spenglerreaction to prepare-tienzyl THIQs fromN-sulfenyl phenylethylamines and
phenylacetaldehydes (Scheme 34 They achieved good yields (B5%) by
carrying out the reactions at room temperature in the presence ohg dggnt. Higher
temperatures caused decomposition and side products of the phenylacetaldehyde
substrates. UsingRj-TRIP as the catalyst led to the formation elbenzyl THIQs in

the R)-configuration with ee between &2%. After protecting group manigations

the alkaloid R)-norcoclaurine R)-108 wasisolated in 89%ee. This is opposite to the
configuration produced by the NCS Pieftenglerase enzyme in plantdich produce

the §-configuration stereoselectively.

(S)-BINOL (20 mol%) MOMO “Nps (84%) HO
toluene, MgSO,4

§ 0
/@N 66 h, rt
0,
TBSO (71%) TBSO (R)-108

89% ee

HO
m (R)-TRIP (10 mol%) :@Q HCl
MOMO Nps’ —

Scheme 3.14Enantioselective organocatalytic PieSengler reaction for-tbenzyl THIQs.
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3.4 Aqueous phosphate mediated catalysis

Water is an attractive reaction medium for organic synthesis and has a number of
advantages over traditional organic vemts including lower costs, a reduced
environmental impact and it is safe, mAmxic and norflammable!?® In nature
biosynthett reactions take place in wateand the synthesis of chiral biological
molecules via enzymatic reactions are highly steremfpe For synthetic chemists
water compatible asymmetric catalysts are attractive as a sustainable approach for the
preparation of enantiomerically pure compoutils. However, water is a strong
hydrogen bond donor/acceptor which can disrupt interacbehseen a chiral catalyst

and a substrate and significantly influence the enantioselectivity that can be achieved.
This is particularly a problem for catalysts that rely on-nowalent interactions such as
hydrogen bonding or coulombic attraction betwémm pairs. Therefore asymmetric

catalysis in agueous media is challenging.

Agueous phosphate mediated catalysis has been demonstrated for a number of reactions,
including Pictet Spengler reactionthat are promoted by phosphate bufféf? (section

3.3.4) and reactions catalysed by heterogeneous apatite catalysts featuring a phosphate
functionalised surfacE¥! In aqueous solution phosphate exists in different ionisation
states dependent on the pH of the sotu (Figure 3.9) which can influence the
catalytic activity of the phosphateln strongly acidic solution phosphoric acid is the
predominant form In strong basic conditions the fully deprotonated phosphate ion
(PO*) predominates. Under neutral, waaacidic or weakly basic conditions, mostly

hydrogen and dihydrogen phosphate forms are present.

@)

11 |1 11 |1

HO/Pg ’F?H HO™ Pgl’_?' HO™ Pg_’o' 0~ Pg_’o'

phosphoric dihydrogen hydrogen phosphate
acid phosphate phosphate

pKa1 = 2.2 O pKaz = 7.2 o) pKaz = 12.3 o)

Figure 3.9 lonisation states of phosphat&gwaluesat 25°C arefrom the CRC Handbook of Chemistry
and Physics).
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Chiral BINOL-derived phosphoric acids (Figure 3.10) have been established as an
efficient and versatile class of organocatalysts for asymmetric reattfoiitie axially

chiral biaryl (BINOL) moiety gives the catalyst its source of chirality, and the addition
of bulky substituents at the &pBositions of the biaryl improves enantioselectivity by
providing a chiral environment where the substrate is activated. Although many
BINOL-derived phosphoric acid catalysts have been developed and used for the
asymmetre synthesis of pharmaceutically useful structures, generally strictly anhydrous
conditions are required to achieve high enantioselectivities.

: ! 3 R = R groups influence stereoselectivity
o. 9O Lewis basic site

P.

SO RN
~ Bronsted acid site

R

Figure 3.10 General structure ohdral BINOL-derived phosphoric acd

In 2010 the Rueping group reported the first example of a BHd&iived phosphoric

acid catalysed asymmetric reaction in water (SchemB).531 They performed an
enantioselective hydrogenation of quinolideb using a Hantzch ester as the hydride
sourceto prepare Zubstituted tetrahydroquinolin@é26. The phosphoric acid catalyst
(R)-TRIP was proposed to induce selectivity through formation of a chiral ion pair with
the quinoline imine and directhe hydride donor to a particular face. High
enantioseletivities were observed when the reaction was carried out in water, and even
higher selectivity (ee up to 97%) was achieved in a saturated NaCl solution, despite the
fact that water i@ strong hydrogen bond donor and could disrupt interactions between
thecat al yst and substrate. This was attr
polar molecules align so that the contact surface between these molecules and water is
minimised This principle plays an important role in biological processes such as
enzme-substrate interactions. In addition, the bulky isopropyl substituents on the
catalyst created a hydrophobic pocket for the substrate to interact with the active

catalytic phosphate centre.
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Hantzsch ester m
m\ )
— catalyst (2 mol%
N R yst ( o) N R

brine, 50 °C H
125 126
R = aromatic group yields: 60-95%
ee: 83-97%

Scheme 3.15 Enantioglective hylrogenation of quinolines cayakd by a BINOLderived phosphoric
acid in water.

An emerging class of water compatible asymmetric catalysts are chiral biological
phosphates. Biological molecules are an excellent starting point for the degatopim
water compatible catalysts because they are typically highly soluble in water.
Ribonucleic acid (RNA) and deoxyribonucleic acid (DNA) have been shown to
successfully catalyse a number of cadgsanbon bond forming reactions such as Diels
Alder reations, FriedelCrafts reactions and Michael additions with high
enantioselectivity®>* DNA-based asymmetric catalysts involve the binding of a
catalytically active metal complex to the DNA through either covalent bonding or
supramolecular interactiol®> Chiral catalysts lower the energy of one diastereomeric
transition state to result in the preferential formation of a single diasenssr. The

right handed double helix structure of DNA provides the source of chirality, but the
mechanism of how it lowerthe energy of one diastereomeric transition ssat®t fully
understood and possible interactions between the DNA and the substrate include

groove binding, intercalation or interactions with the phosphate backbone.

Natural unmodified DNA as a catalylsas also been applied to aldol reactions, Henry
(nitroaldol) reactions and Michael additions in wdf&r. However, currently no
enantioselectivity has been reported for these reactions. DNA is compdsed o
nucleotides that each contain a phosphate grodpparibose sugar and a nucleobase.
These groupsare capable of various interactions that could be responsible for the
catalytic activity. For example, Wamg al., found that the catalytic activity of DNA in

the synthesis of dithioacetals from carboogimpounds could be associated with the

phosphate group” The Kumar group have reported the use of a single nucleotide as a
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catalyst for asymmetric reductive amination of keto¢(@sheme 3.16)*®* Adenosine
mono, di- and triphosphate nucleotides promotieel re&tion to give the amine product
127 in excellent yields, but for good enantioselectivity to be achieved the reactions
required anhydrous conditions It was proposed that the phosphate group of the
nucleotides played a key role in the catalytic\aisti through hydrogen bonding with

the imine inermediate.

Catalyst:
NH, adenosine diphosphate N
o f Hantzsch ester HN )

O O
ph)J\ + phosphate catalyst Ph/\ HO- P o— p 0
toluene, 4 A MS 12
7 OH OH
yield 95%
ee 81% OH OH

Scheme 3.16 Enantioselective reductive amination catalysed by a single nucleotide.

The advantages of using chiral biological phosphates such as DNA ootidedeas
catalysts are their commercial availability and their compatibility with aqueous media.
They are emerging as excellent catalysts for a number of organic transformations and

show promising ability to control the stereoselectivity of reactions.

3.5 Tetrahydro-2-benzazepines
3.5.1 Structure and biological activity

2,3,4,5Tetrahydre2-benzazepines (THBPs) are-nfembered ring analogues of
tetrahydroisoquinoline. The THBP ring system is present in both alkaloid natural
products and synthetic drugsat possess a wide range of biological activities (Figure
3.11). For example, a number Adaryllidaceaealkaloids contain the THBP structure
such as galanthamine which is an acetylcholinesterase inhibitor used for the treatment of
Al zhei mer 6 $acmantbidine whdch was tecently shown to have antimalarial
properties>® Synthetic THBP derivatives include capsazepine which is a vanilloid
receptor antagonist and BMS791325 which is undergoing clinical studies as an inhibitor

of the hepatitisC virus*°
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OH
) Haemanthidine
(antimalarial)

(THBP)

BMS791325
(antiviral)

Capsazepine

Galanthamine \ (analgesic) g

(acetylcholinesterase inhibitor)

Figure 3.11. Examples of bioactive tetrahydPebenzazepin€THBP) derivatives.

1-Substituted THBPs are inter@sgj as potential drug molecules they are closely
related to the -bubstituted THIQs, of which there areany biologically active
compounds.For SAR studieschanging the ring size from arembered ring (THIQ)
to a Fmembered ring (THBP) can lisefulbecauseonformational changes in the ring
can alter the position afie substituents and influent¢ke potency against aarget** In
addition, #membered ring THBPs may have different metabolic profiles compared to
the corresponding-hembered ring THIQs and may offer improved pharmacokinetic

properties.

3.5.2 Synthesis

Strategies reported for the synthesfsl-substituted THBPs are fairly limited. Ring
expansions have been used such as the Schmidt ring expansion followed by further
steps to incorporate @-1 substitutent onto the benzazepine riffg. More common

routes involve a cyclisation to form thenfembered ring system. Reactions such as
ring closing metathesis and a gold catalysed [2 + 5] cycloaddition have been used to
prepare isubstituted THBPs, but these involved multiple steps to prepare the required

compounds for cyclisation. The Bischlapieralski reaction (described in section
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3.3.1) has been used for cyclisation to forom&mbered rings. For examplée
activated phenylpropylamide28 was converted to the cyclic imid&9in the presence
of phosphous oxychloride at high temperatu(&creme 3.17) The imine was
subsequently reduced to yield theubstituted THBRL.30*

MeO MeO MeO
POClI;3 NaBH,
HN . =N > NH

>——:O CH3CN, reflux (81%)
128 PH (69%) 129 N

130 PP

Scheme 3L7. Synthesis o& l-substituted THBRY a BischlerNapieralski/reduction method

The PictetSpengler cyclisation (describaa section 3.3.2) has also been used for the
synthesis of THBPs. The gsclisation between phenylpropylaminé31 and
benzaldehyde deriviaes to generatd-substituted THBP432a-c has been reported,
but the reactions required high temperatures and theésyaflthe THBP products were
low (6-22%) (Scheme 38).1** It was essential for the phenylpropylamit@lto have

an electron donating hydroxy substituent to activate the ring at the pqgsitiano the

cyclisation site.

0

HO HO

R; butanol

+H —_—

HoN reflux, 10 h NH
131 2 R, 132a Ry, R, = H (22%)

132b R,, R, = OMe (6%)

132¢ Ry, = OCH,0 (13%)
R4
R,

Scheme3.18. Synthesis of substituted THBPs by a PictBpengler cyclisation.

Although#7endo tri g cyclisations are -Spenglerur ed
cyclisation to yield 7membered rings is challenging. Reported methods often rely on
using modified PicteSpengler conditions involving eith&-acyl or N-sulfonyl groups

(to increase the reactivity of the imine intermediate) and#en limited to the use of

formaldehyde. For example in the total synthesis of lycoraminénaaryllidaceae
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alkaloid, the cyclisation of compouriB3 under acidic conditions yielded THBE34,
proceedingvia anN-acyliminium intermediate (Scheme 3)1'9°

OH

HCHO

TFA
(81%)

MeO MeO ——=, Lycoramine

N
134 \

Scheme3.19. Modified PictetSpengler cyclisation in the total syntisesf lycoramine.

Cyclisation to form7-membered rings is challengingith strategies often involving
numerous steps that are not generally applicable to a wide range of substrates.
Cyclisation methodshat are compatible witbnprotected substrates, ogee under mild
conditions and do not involve stépersive procedures would be useful, since
compounds containing theslubstituted tetrahydr@-benzazepine structure show wide

ranging bioactivities and are interesting structures for medicinal chemistry.

3.6 Aims of the project

The aim of this part of the project was to synthesise a s#riesubstituted THIQs and
establish their antimycobgerial propertiesin order to further previouSAR studies
where the THIQ structure was identified as a prorgisiaw pharmacophore for aitB
drugs?® The target compounds35(Scheme 3.20were designed based on THIQs that
were previously found to show antimycobacterial activity within the Hailes and Bhakta
groups The substituents on the aromatic ring-fR) included hydroxy groupéwvhich
were previously found to influence antimycobacterial activity thet optimal position
was notestablishell and a bromide substituerfwhich waspresent inTHIQs 91-93
(Figure 3.8) and conferred &cellent antimycobacterial activity The aim was to also
investigate gbstituents at the @ position (R) such aslkyl chains, benzylic groups
functionalised groups thatoald allow for further manipulation of the THIQs to

generde new structuresThe phosphate mediated Pict8pengler reaction was chosen
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for the preparation of théarget compound®ecause this methocgkadily allows for
variations of the substituents at1C(Rs) and the aromatic ring ¢RRs) through the
choice ofamine and aldehydsarting materials (Scheme 3)20

To determine th@ntimycobacterial activity of the THIQs, the aim wasealuae the
compoundsin a number of assays by biologl collaborators, includingPOTi and
cytotoxicity assays. Compounds @hng promising antimycobacterial activity could
thenundergo further analysis for possible modes of action including an efflux pump
inhibition assaywhich has been established by the Bhakta groupaddition to the
SAR studies, two -Bubstituted THIQ®1 and 92 (Figure 3.8)that were previously
found to be excellent inhibitor®f mycobacterial growthrequired synthesis for

pharmacokinetic analysis.

! R1\: —> SAR of aromatic ) R
i i Pictet-S | !
' R | ring substituents Ictet-opengler R
2 reaction 2 0]
i L NH ‘ PN
+ R3 | R 2 Rs H
i R, 'Rs! _ SARofC-1
RRCEEERE L ® =™ substituent R4
135

Scheme3.2Q Target THIQs to be synthesised the phosphate medied PictetSpengler reaction.

The aim of the project was also to extend the use of the phosphate mediated Pictet
Spengler reaction. Previously the cyclisation reaction hachly beenused for the
construction ofacemic6-membered ring THIQs. Extendinget reaction to generate 7
membered ring analogues from readily accessible starting materials would generate a
new range of &ubstituted THBPs136 (Scheme 3.21 which may also possess
interesting antimycobacterial activitiesn addition,extending the ptsphate mediated
PictetSpengler reaction to generate optically active THIRS (Scheme 3.21) in
agueous mediaould be attractive as a synthetic tool. Therefore, the aim was to screen
chiral biological phosphates and BIN&@erived phosphoric acids asime catalysts,

and todetermine the enantiomeric excesstaf THIQ productgenerated
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N NH, Pictet-Spengler |
R1/' — )J\ _________________ > 1 —
R2” H  phosphate catalyst NH
R2136
HO
HO NH2 i Pictet-Spengler
2 >
R H chiral phosphate NH
HO phosp HO *
R
137

Scheme3.21 Phosphate mediated Pictgpengler reaction to preparereémbered ring THBPs and
optically active THIQs.

The final pat of this project was to prepare a small set of proferaryropionic

acids) for antimycobacterial screening. The aim was to improve potency compared to
the profens reported to date.The target compouls 138 and 139 (Figure 3.12) were
derivatives of ibuprofen and loxoprofen. Thesere chosen for derivatisation because
the Bhakta group foundhat they were good inhibitors of the growth dfl.
tuberculosis” Also, ibuprofen was readily available, and loxoprotenld be prepared

following literature procedures from cheap commercially available starting materials.

R OH R OH
o} o}
138

139
(ibuprofen analogues) (loxoprofen analogues)
R = NO,, NH, R = OH, NH,

Figure 3.12 Targetderivatives of ibuprofen and loxoprofe
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4. Tetrahydroisoquinolines

4.1 SAR of C-1 and aromatic ring substituents
4.1.1 Synthesis ofirst generation THIQs

The first generation of -$ubstituted THIQs incorporated various groups at the C
position, with the aim of identifyingsubstituets that conferredantimycobacterial
activity. The substituents included alkyl chains of varying length, a cyclic alkyl group
and benzylic groups (Scheme 4.1). These were selected based on the good
antimycobacterial activities previously reported for THIQthat featured a
methylenedioxybenzyl subgient and a nonyl substituente¢sion 3.2.2, Figures 3.7

and 3.8)'%

The phosphate mediated Pieggtengler reaction (described in section 3'8%Ayas
used to synthesise the THIQs (Scheme 4.1). Doparbdfewas chosen as the
phenylethylamine starting material in order to prepare THIQ compounds with-a 6,7
dihydroxy substitution pattern on the aromatic ring. Compsuieaturing this moiety
have previously shown antimycobacterial activfy. In addition, dopamind01 was
readily available and favours Pict8pengler cyclisations due to the electron rich
aromatic ring. The aldehydes used included aliphatic aldehydd€a-d and
phenylacetaldehyde derivativé40e-f.

HO KPi (0.1 M, pH6) HO

O CH4CN, 1:1
D b =
HO NHz H7 R 50°C,18h  HO HO

101 140a-f R OH R
141a-f 142a-f
R = “‘K NWK/\/ JWW A oy A
A U ﬁ%
o}
141a77% 141b 75% 141¢ 77% 141d 32%  141e 69% 141f 49%
142a 4%  142b 9% 142¢c 8% 142d 4% 142e 3% 142f 3%

Schemed.1 Synthesis of first generation THIQs (Yields = isolated yield after purification by HPLC).
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The PictetSpenglerreactions were carried out in a 1:1 mixture of potassium phosphate
buffer (pH 6) and acetonitrile at 3¢. The crude products were purified using reverse
phaseorepHPLC, eluting with wateand acetonitrileontaining 0.1% TFA The THIQ
products colleed from the HPLC purification were subsequently washed with
methanol to remove the TFA. The major THIQ produet$a-f were isolatedn yields
between 32Z77%. A small amount of the regioisoméd2a-f wereformed as a minor
product in each reaction (iksded yields 3%). The regioismers were separated
during the reversphase HPLC purification, but due to their structural similarity the
compounds eluted close together. A good separation was achieved by running the
HPLC method for an extended period the (methods desibed in Chapter 8
Therefore, in addition to the desired @lihydroxy THIQs141af, the 7,8dihydroxy
THIQs 142af were available foevaluaton for antimycobacterial activity.

The phenylacetaldehydes used in the synthesis of tse generation THIQs were
prepared using a Parikboering oxidatior*® Phenylacetaldehydes can be difficult to
prepare because they are prone to polymerisation and aldol condensations. The Parikh
Doering oxidation involves the activation of DMSO for thadation of alcohols using
sulphur trioxide, and the reaction proceeds under mild basic conditions and has been
used by Pesncgt al as a general route for the synthesis of phenylacetaldehdes.
Aldehyde 140F was prepared in two steps froommmercially available phenylacetic

acid 143 (Scheme 4.2).The phenylacetic aci@i43 underwent reduction using lithium
aluminium hydride to afford the alcohd¥4'*’ in 96% yield, followed by oxidation

using SQ.pyridine in DMSO and dichloromethane to give the aldehydéf in 51%

yield. For optimal yields the reaction temperature needed to be kepb &€, hence
dichloromethane was required as asodvent to avoid freezing of the DMSO solution.

The same oxidation rtieod was used to prepa2egm-tolyl)acetaldehydd 40e™® from
commercially available-8nethylphenethyl alcohol in 60% yield.

< :©/\I(OH LiAIH, :@/\/OH DIPEA, SO3pyr O -0
THF, g Sh DMSO/CH,Cl, <o
(96%) 15°C, 1h 140f

(51%)

Scheme4.2 Synthesis 08,4-(methylenedioxyphenylacetaldehyd®40f.
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The aldehyde 4HPAA 107*?* was also synthesised followingthe ParikhDoering
oxidationmethod (Scheme 4.3) 43% vyield. 4-HPAA 107 wasdifficult to isolate in
good yields becausée phenol moiety enhances the ability of the aldehyde to undergo
aldol condensations. It was found tlogtimal yields were achieved when purification
of the crude product by column chromatography was carried out quickig
evaporation othe solventsin vacuowas performed at room temperatuigne resulting
product107was stable when stored under argor8&t°C in acetonitrile solution The
preparedd-HPAA 107 wassubsequently used insaudy of the mechanism and kinetics

of the NCS catalysed Pict&pengleriosynthetic pathway (section 3.3.3) by Lichman

et alt?!

/@/\/OH DIPEA, SO3.pyr /@/\¢O
- o]
HO DMSO/CHQS)IZ, 15°C
(43%) 107 4-HPAA

Scheme4.3 Synthesis of 4HPAA.

4.1.2 Antimycobacterial activity of first generation THIQs

The compouds were tested for their growth inhibition f aurumusing SPOTI (spot
culture growth inhibition assaydescribed insection 3.1.2) (Table 4.19. The MIC
(minimum inhibitory concentrationyalueswere determined as the concentration at
which no growth & mycobacteria was observed. The compounds were also evaluated
for their effect on mammalian celissing a eukaryotic cell cytotoxicity resazurin assay
with murine macrophage cells RAW 264.7. The GIC (growth inhibitory concentration)
valueswere determiad as the concentration at which more than 90% inhibition of cell
viability was observed (Table 4.1). Both of these assays were carried out by biological

collaborators in the Bhakta group at Birkbgthkiversity of London

¥ The SPOTI and cytotoxity assays described in this chapter were carried out by Arundhati Maitra and
Dr Parisa N. Mortazavi in the Bhakta group hretMycobacterial Research Laboratory at Birkbeck,
University of London.
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HO
NH

R OH R
141a-f 142a-f
R group THIQ | Mwt calcLogP | MIC M. aurum | GIC RAW
(ACD) (ng/mL) 264.7 (ug/mL)
. 141a |193.3 1.72 no inhibitiorf 15.6
k 142a | 193.3 1.72 250 15.6
" 141b | 235.3 3.09 500 31.3
k/\/ 1420 | 235.3 3.09 15.6 15.6
- 141c | 277.4 4.45 125 7.8
"o 14x |277.4 | 4.45 250 15.6
o 141d | 233.3 2.27 no inhibitiorf 62.5
é 142 | 233.3 2.27 250 7.8
o 141e | 269.3 3.05 500 31.3
b/ 142 | 269.3 3.05 250 15.6
e 141f | 299.3 2.82 500 62.5
K@[? 14% | 299.3 2.82 250 31.3

Table 4.1. Antimycobacterial properties of the first generation THIQHC = lowest concentration at
which no growth of mycobacteria was observed. GIC = concentration at which more than 90% inhibition
of cell viability (RAW 264.7)was observed?Highest concentration tested was 3@@mL.

The data indicated that the &jihydroxyTHIQs with alkyl chains at the T position
(141a-c) became increasingly potent agaiNstaurumas the length of the alkyl chain
increased. For example, theethyl substituted compounti4la did not inhibit the
growth of M. aurumat a concentration of B0ug/mL, whereas the-tctyl substituted
compound14ic had a MIC = 125ug/mL. The 6,7dihydroxyTHIQ 141d with a
cyclopentyl G1 substituent did not inhibitM. aurum growth at the maximium
concentration tested (5Q@/mL), suggesting a more flexible alkghain was required
for potency. The 6;dihydroxy-THIQs 141e and141f featuring a benzylic group at the
C-1 position, both had MIC values of 5Q@/mL, so a high concentration of the

compoundvas requiredn order to inhibit mycobacterial growth.
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Previotsly within the Hailes and Bhakta groufige 6, 7dihydroxyTHIQ 141fhad been
evaluated for its activity against the growthMf bovisBCG using SPOTI, and had a
MIC of 100 pg/mL.*** In comparison with thistudy, the MIC of the same compound
141fagainstM. aurumwas significantly higher (MIC = 500g/mL). The difference in
activities was likely to arise from differences betwedn bovis BCG**® and M.
aurum™*® M. aurumis arelativelyfast growing species wheasM. bovisBCG is slow
growing and more closely related to the slow growwhguberculosis

The 7,8dihydroxyTHIQs 142 exhibited betteM. aurumgrowth inhibition compared
to the corresponding 6dihydroxyTHIQ 141regioi©omers. For example, compads
142e-f had MIC values of 25Qug/mL and the regioisomers4le-f had MICs of 500
ug/mL.  An exception to this trend was seen for the compounds with an octyl
substituent at the @ position, where the trend was reversed and thelifydroxy
derivative141c (MIC = 125ug/mL) was more active than the fg#ydroxy derivative
142c (MIC = 250pug/mL). The 7,8dihydroxyTHIQ 142bwith a pentyl chain at the-C

1 position was the most potent compound of the series with a MIC ofig5rt..

The MICs of the fist generation THIQs did not show a correlation with the calculated
LogP values (Table 4.1). The LogP values (octanol/water partition coefficient) express
the compoundsdipophilicty, and accor di ng ,tdamg absonptiomand i 6 s
permeability is rore likely when LogP is less tharf5.TB drugs often do not conform

to this rule, and a number of studies have shdvatdéndencyfor LogP to incrase
during early drug discoveryFor example in a ®riesof indolecarboxamide ariTB
compounds, the calculated@P of the initial hit compoundias4.5, and thisincreased

to 6.1 for the optimised compoufit).This may be linked to more lipophilic compounds
having improved permeability across the highly waxy mycobacterial cell t#fall.
However this was not observed this SAR study where there were significant
differences in activity betweemhe 6,7dihydroxyTHIQ and 7,8dihydroxy-THIQ
regioisomerswvhich had the ame calculated LogP values. This suggested the position
of the hydroxy groups on the aromatic ring influenced the potency, possibly through

interactions with an unknown target.

Analysis of the GIC data showed that the THIQs displayed cytotoxicity against
mammalian cell{Table 4.1) For all of the compounds the concentration that was

required to inhibit mycobacterial growth would also be toxic to mammalian cells. The
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compounds that exhibited the lowest cytotoxicity against mammalian cells (GIC = 62.5
pg/mL) were the 6,#lihydroxyTHIQs 141d and 141f. In order to be useful as
potential drug like compounds, the MICs would need tonbeh lower than the GIC
values so thaselective inhibitionfor mycobacteria growtltould be achieveavithout

the compoundbeing toxic to mammalian cells.

4.1.3 Synthesis of second generation THIQs

The most potent compound from the first generation THIQs 1d& with a pentyl
chain at position €. In order to determine if this was the optimal chain length for
antimycobacteal activity, an investigation into the propyl, butyl, hexyl and heptyl
chain lengths was carried out. The second generation THIQs with varying length alky!l
chains at the € position were prepared using the phosphate mediated-Bmtegler
reaction aslescribed for the firggeneration THIQs (Scheme 4.Zhe reaction between
dopaminel01 and the aliphatic aldehydes yielded a mixture ofditigdroxy-THIQs
145a-d as the major products and tBydroxy-THIQs 146a-d as the minor products.

HO o KPi(0.1M,pHE)Y HO
+ CH3CN, 1:1 + NH
HomHz HJ\R HO NP Ho

50°C, 18 h
101 R OH R
145a-d 146a-d
" NWK/ NWK/\ NWK/\/\ ka/\/\/
145a 45% 145b 83% 145¢c 86% 145d 85%
146a 3% 146b 5% 146¢c 10% 146d 11%

Schemed.4. Synthesis of second generation THIQs (Yields = isolated yields after purification by HPLC).

The major regioismers with a butyl4%, hexyl 145 and heptyll45d chain at theC-1
position were isolated after wversephaseprepHPLC in good yields of between 83
86%. The THIQL45a with a shorter propyl chain was isolated in a lower yield of 45%.

This was because some of the product was lost at the purification stage in order to
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ensure all of thgroduct146a was completelyseparatedrom its regioisomer The
corresponding minor regioisomet46a-d were isolated in yields of betweerl2% and
the yields increased as the length of the alkyl chain increased.

4.1.4 Antimycobacterialactivity of second generationiTHIQs

The seond generation THIQs were screened for their growth inhibitioll.ohurum
and cytotoxicity against mammalian cells (Table 4.2).

HO
NH

R OH R

145a-d 146a-d and 142b
R group THIQ Mwt calc LogP | MIC M. aurum | GIC RAW
(ACD) (Mg/mL) 264.7 (1g/mL)
- 145 207.3 | 2.18 >500° 31.3
k/ 146 207.3 | 2.18 250 15.6
e 145 221.3 | 2.63 >500° 125
k/\ 1460 221.3 | 2.63 250 15.6
MNK/\/ 1420 235.3 | 3.09 125 15.6
-~ 145 249.4 | 3.54 250 62.5
W l46ec 249.4 | 3.54 250 15.6
— 144 263.4 | 3.99 250 7.8
w 146&d 263.4 | 3.99 500 15.6

Table 4.2. Antimycobacterial properties of the second generation THiQ®highest concentration of
THIQ tested was 500g/mL. MIC = lowest concentration at which no growth of mycobacteria was
observed. GIC = concentration at which more tha# $hhibition of cell viality was observed.

The MIC values of the 6;dihydroxyTHIQs 14%a-d decreased as the length of the
alkyl chain was increased, as previously observed for the first generation compounds.
Compounddgl45a-b with the propyl and butyl chains at positionlQlid not completely

inhibit the growth ofM. aurum at the highest concentration tested (50§mL).
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Compoundsl4sc-d with a hexyl or heptyl chain at the-T postion had lower MIC
values of 250pg/mL. This suggested that increasing the lipophilicity of thé 6,

dihydroxy-THIQ compounds resulted in increased antimycobacterial activity.

The 7,8dihydroxyTHIQs 146a-d and 142 showed a different pattern of
antimycobacterial activity compared to the correspondinegdthydroxy regiasomers.
Compounds with a propyll46a or butyl 146> substituent athe G1 position had a MIC
value of 250ug/mL. Increasing the chain length to the pentyl substitid@b resulted
in a more potent compound with a decrease in the MIC tou@y28L. Increasing the
chain further to the déxyl 146c and heptyl146d substituents resulted in the MICs
increasing (MIC = 250 and 5Q@@/mL respectively).

When compound42b was screened in the first generatiammpoundsthe MIC was
determined a45.6 pg/mL againstM. aurum (Table 4.1). Howeverwhen screened

again with the second generation compounds the MIC value adhirgstrumwas 125

pg/mL (Table 4.2). To confirm the actual MIC, compoudh was synthesised again

and purified, and rested in the same assay where its MIC was found t@badimL.

Hence this was determined as the true MIC value, and although it was not as potent as it
originally seemed, THIQ42b was still the most potent compound of the series with the

lowest MIC value.

The GIC datgTable 4.2)showed that the leasttoyoxic compound to mammalian cells
was the 6,MihydroxyTHIQ 145b with a butyl G1 substituent (GIC = 12hg/mL).

All of the 7,8dihydroxyTHIQs 146ad had a GIC of 15.¢g/mL. As also seen for the

first generation THIQs, generally the GIC values winwer than the MIC values.
Therefore the concentration of THIQ required to inhibit mycobacterial growth would
also be toxic to mammalian cells. To optimise these compounds, the mammalian cell
toxicity would need to be reduced whitsthancing or at leashaintaining the level of

antimycobacterial activities.

4.1.5 Synthesis of third generation THIQs

The significant trend observed for the first and second generation THIQs was that the

7,8-dihydroxyTHIQs were generally more potent fiot. aurumgrowth inhbition than
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the 6,7dihydroxyTHIQs. Therefore the third generation compounds were designed to
focus on the activity of the aromatic ring substituents and to determine if the increase in
potency arose from the presence of a hydroxy group at posik®nor@he removal of a
hydroxy group at position 6.

The target compounds (Figure 4.1) included THIQs with a single hydroxy group at
positions G6, G7 and G8, or a 6,8dihydroxy substitutionto identify which hydroxy
substituents increased the antimyadbaal activity of the compounds. Also, THIQs
with a 5bromo8-hydroxy substitution were synthesised because this motif was
previously found within the group to confer good antimycobacterial properties
(described in section 3.2.5% All of the target compounds were designed to retain the
pentyl substituent at position - which was found to confer the highest
antimycobacterial activitin the SARstudiesonthe G1 substituent

Br
6 X HO. 6 >
HO L NH NH NH
N 8 8
OH OH

Figure 4.1 Target compounds for SAR of aromatic ring substituents.

Most of the target compounds were synthesised using the phosphate mediated Pictet
Spengler reactioff? Initial preparation of tb hydroxyphenylethylamine starting
materials was required (Scheme 4.5). These were prepared asipheveportediia

the reduction of commercially available methoxyphenylacetonitriles to the
corresponding amines, followed by demethylafi®i!® Reduction of 3
methoxyphenylacetonitrile$47 and 148 was accomplished using borane (as the THF
complex) in anhydrous tetrahydrofuran at room temperature for 24.hothe crude
products were pified by column chromatographysing triethylamine as an additive to
ensure the product remained as the uncharged free amine, tbegivenylethylamines
149'*® and 150"t in good yields (95% and 82% respectively).

Bromination of 3methoxyphenylethylamin&49 was carried out based on a literature
procedur®? and involved the slow addition of bromine in acetic acid to the
phenylethylamine at 18C (Scheme 4.5) After purificatbn of the crude product by

column chromatographyhe monebrominated compound51 was obtained in 88%
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yield. The samérominationmethod was flowed to prepareompoundsl52>® and

153"* from aminesl50and154 (amine154was commercially available)Bromination

of 3,5dimethoxyphenylethylaminel50 yielded a mixture ofthe mono and di-
brominated products (under a carefully controlled reaction temperature and using 1
equivalent of bromine) that were formed due to the activation of the ring at the positions
para to each methoxy group. Tée products were sepdesl using column
chromatographgnd the mondrominated product52wasisolated in 34% yield.

The final step was demethylation of the methoxy groups of the 3
mettoxyphenylethylamine derivativesusng boron tribromide in anhydrous
dichloromethang(Scheme 4.5)%3'® When the reactions were completeey were
guenched with methanol, and subsequent ewdlpor of the volatiles led to isolation of
the 3hydroxyphenylethylamine products55-159 as the hydrobromide salt in good
yields (89100%). This workup procedure proved to be more facile than quenching the
reactions with water, as otherwise it was difft to isolate the desired products from
the aqueous phase. The dihydroxyphenylethylaniib® was further purified by
reversephaseprepHPLC to remove any oxidised impuritiesThe phenylethylamine
155 prepared for this SAR study was also used by bio&@gollaborators in a ongot

synthesis of an§)-benzylisoquinoline alkaloid, using the enzymes transaminase (TAm)

and norcoclaurine syntha¥% (NCS) in a 6triang
BH3THF BBry _
CH,Clp
147: R1—H R, =H 149: R1-H R, = H (95%) 155: R1—H R, = H (89%)
148: R, = H, R, = OMe 150: R, = HRZ—OMe(82%) 156: R, = H, R, = OH (100%)

154: R1 = OMe R2 =H

Br2 AcOH
CH20I2
151: R, =H, R, = H (88%) 157: R1 H R, = H (93%)

152: Ry =H, R, = OMe (34%)  158: R, = H, R, = OH (59%)?
153: R;=OMe, R, =H (43%)  159: Ry = OH, R, = H (91%)

Scheme4.5 Synthesis of hydroxyphenylethylamin@solated yield of the TFA salt after HPLC.

82



The target THIQ compoundss0 and161 were prepared from the phosphate mediated
PictetSpengler reaction between phenylethylaniiB&and hexanal (Sciee 4.6). The
reaction was carried out in a mixture of potassium phosphate bpFHe6,(0.5 M) and
acetonitrileat 50°C. Two regidgsomers were generatethd were separated by reverse
phase prefdPLC. The majoproduct6-hydroxyTHIQ 160was isolated ir81% yield
and the minoproduct8-hydroxyTHIQ 161in 12% yield.

HO NH, KPi (pH 6, 0.5 M)/ HO
CH3CN, 1:1
(o]
195 HJ\/\/\ s07c.18h OH

160 (81%) 161 (12%)

Schemed.6. Synthesis of target compounti80and161with a single hydroxy group.

The target THIQ compoundi62 and 163 with a 5bromo-8-hydroxy substution were

also synthesised using the phosphate mediated Siptatigler reaction (Scheme 4.7).
The reaction between phenylethylamiiés and 159 with hexanal yielded the desired
productsl62and163in low yields 0f14% and 7%. The low yields wengost likely to
result from a combination of sterics and electronics of the intermediate imine.
Cyclisation of the imine proceeds at the more sterically hindered position to the
hydroxy group and the aromatic ring may not be sufficiently electron ta@lpromote

the cyclisationto achieve good yields Usually the positiorpara to the activating
hydroxy group would be favoured fordBtSpengler reactions buhis position was
blocked by the bromine substituent. Despite the low yieldfficient quatities of the

producs were isolatedbr the antimycobacterial activity assays.

Br
KPi (pH 6, 0.5 M)/

HO NHz o CH4CN, 1:1
+ )W > R NH
(o]
R B H 50°C, 18 h

OH
157: R=H 162: R =H (14%)
159: R = OH 163: R = OH (7%)

Scheme4.7. Synthesis of target compounds with-aromao8-hydroxy substitution.
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The 3,5-dihydroxyphenylethylamined56 and 158 were excdéent substrates for the
phosphate mediated Pict8pengler reaction (Scheme 4.8). The advantage of using
amines with a 3/&8lihydroxy substitution was that cyclisation of the intermediate imine
yielded one product and avoided a mixture of regioisomers.adtiition, both the
hydroxy substituents df56 and 158 activated the aromatic ring for cyclisation to the
same position, so although cyclisation occurred at a position which was sterically
hindered ¢rtho to a hydroxy group)the ring was sufficiently atated to achieve good
yields of the cyclised productsThe target compounil64 was isolated after reverse
phaseHPLC in an excellent yield of 95%, and the bromo analdditgsolated in 72%.

R KPi (pH 6, 0.1 M)/ i
i (pH 6, 0. HO
HO NHz2 o CH4CN, 1:1
" HW 50 °C, 18 h NH
OH OH
156: R =H 164: R = H (95%)
158: R=Br 165: R =Br (72%)

Scheme4.8 Synthesis ofdrget compounds with a 6dhydroxy substitution.

The final target compound was THIQ66 with a single hydroxy group at the-TC
position (Scheme 4.9)This compound lackedn electron donating hydroxy group in a
position which would activate the aronmating to cyclise in a Picteéspengler reaction
(see sections 3.3.2 and 3.3#)'# Therefore a BischlerNapieralski reaction
(described in section 3.3.Jasemployed torepareTHIQ 166 The synthesis began
with the preparation ofphenylethylamidel67 (Scheme 4.9). The ®@mmercially
available phenylacetonitrilé68 was reduced to amin&9'°® in 76% vyield andthen

reacted with hexanoyl chloride to form ttiesiredamide167in 90% yield.

The BischlefNapieralski cyclisation of phenylethylamid&67 required forcing
conditions (Scheme 4.9). Initially phosphorus oxychloride was employed as the
dehydrating agent and used in acetonitrile at reflux. Theseatwosddid not produce

any of the cyclised product. The solvent was changed to toluene to enable a higher
reaction temperature but also using these conditions did not yield any cyclised product.

Next, a procedure reported for the synthesis of similanethoxyTHIQs was
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folowed® A mixture of phosphorus oxychloride and phosphorus pentoxide in
refluxing xylene followed by reduction of the cyclic imine intermediate with sodium
borohydride produced a mixe of the 7methoxyTHIQ 170 and the unexpected
regioisomer émethoxyTHIQ 171 The regioisomers could not be separated by HPLC
and were isolated as a mixture in 37% vyield (rdtt¥171, 1.6.1). The desired -7
methoxyTHIQ 170 was assigned as thmajor poduct as determined bYH-NMR
spectoscopy The final step wathe demethylation of the methoxy groups using boron
tribromide to yield the hydroxyHIQs 166 and 160. These regio@mmers could be
separated by reverse phase prHl.C and the target compadiri66 was isolated in
43% yield.

/©/\CN BHa. THF m Can m
HN
THF, 1t, 24 h 0 NH2 EtN, CH,Cly  MeO \fo
(76%) (90%) 167 CgHy4

1. P,Og, POCI3
xylene, reflux, 20 h

2. NaBH,4, CH30H
(37% over 2 steps)

MeO_ s
BBr
CH2CI2 MeO
CsHq4 CsHit  _7g0c -1t CsHy4 CsH11

166 (43%) 160 (23%) oah 170 171
(1.6 : 1)

Scheme4.9. Synthesis of the target compound with-aydroxy substitution.

A mechanism for the formation of the unexpected tisgioer 171 generated in the
BischlerNapieralski reactiorhas been reportéd’ It was proposed that the use of
phosphous pentoxide would generatendrile intermediatgScheme 4.10) Attack of
the aromatic ipso carbon onto the nitiibea 5endodig cyclisation formsa spirocyclic
carbocation which rearrangts the cyclic imine with the methoxy substituent at the C

6 position.
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R MeO
-H*
N* 7 _N
MeO \_/ I MeO
R R

Scheme4.1Q Proposed mechanism by S. @obial for the formation of @nethoxy- and #Zmethoxy
THIQs undemBischlerNapieralskireactionconditions.

4.1.6 Antimycobacterial activty of third generation THIQs

The thirdgeneration THIQs were screened for their growth inhibitioMo&urumand
cytotoxicity against mammalian cells as previously described for the first and second
generation compounds (TabK.3). Analysis of the MIC values revealed three key
trends. The first trend was that a hydroxy group at #&ep0Osition (THIQ161, MIC =

250 pg/mL) enhanced the antimycobacterial activity more than a hydroxy group at
position G6 or G7 (THIQs160and 166 MICs = 500ug/mL). The second important
SAR was that despite the-&hydroxy group conferring optimal mycobacteria growth
inhibition, the presence of a hydroxy group at thé @osition was tolerated without
loss of activity. This wasdemonstratedby the comparison of inhibition data ftre 8-
hydroxyTHIQ 161 with 6,8dihydroxyTHIQ 164 which both had a MIC of 250
pg/mL. The 6,8dihydroxy-THIQ derivatives could be synthesised using the phosphate
mediated PicteSpengler reaction in excellent yisl&nd further series of compounds

containing this pharmacophore could easily be prepared for further SAR studies.

The third key trend was that the presence of a bromine substituent abthedtion on
the THIQs improved the mycobacteria growth inhibitiactivity. This was consistent
with previous studies in the group forbBomo8-hydroxy analogues of phenyl or
benzyl G1 substituted THIQsdescribed insection 3.2.2°® For example, when
comparing 8hydroxy-THIQ 161 to 5-bromo-8-hydroxyTHIQ 162 a decrease in MIC
from 250 pg/mL to 62.5ug/mL was observed. Similarly, when comparing-6,8
dihydroxyTHIQ 164to 5bromo-6,8-dihydroxyTHIQ 165 a decrease in the MIC from
250 ug/mL to 125ug/mL was observed.The most potent compound was THIG2
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(MIC = 62.5pug/mL) and was also the most lipophilic compound of the series with a
calculated LogP (ACD) of 4.16. It was possible that the higher lipophilicity of THIQ

162improved its permeability across the highlgxy mycobacterial cell watf®

THIQ Mwt calc LogP | MIC M. aurum | GIC RAW 264.7
(ACD) (Hg/mL) (Hg/mL)
HO
160 mH 219.3 | 3.42 500 62.5
CsH1
166 HOmH 219.3 | 3.42 500 125
CsHyq
161 @QH 219.3 | 3.42 250 31.3
OH CsHy4
Br
162 ©;\ 208.2 |4.16 62.5 15.6
NH
OH CsHyy
Br
163 3142 |3.81 250 31.3
HO NH
OH CsgHy4
Br
HO
165 mH 3142 381 125 31.3
HO
164 mH 235.3 [3.09 250 62.5
OH CsHyq

Table 4.3 Antimycobacterial properties of the third generation THIQBC = lowest concentration at
which no growth of mycobacteria was observed. GIC = concentratignieti more than 90% inhibition
of cell viability (RAW 264.7) was observed.

The GIC data showed that the THIQs displayed some cytotoxicity towards mammalian
cells (Table 4.3), and were therefore not selectively toxic towards mycobacterial cells.
The leas cytotoxic compound was thelgdroxyTHIQ 166 with a GIC of 125ug/mL.

The THIQs containing a bromo substitueb62 163and165) that were the most active
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against the growth oM. aurum also displayed the most cytotoxicity towards
mammalian cells (GIG 15.631.3 ug/mL). In order to be useful as potential anti
mycobacterial drugs, the concentration of the THIQs required for antimycobacterial
activity would need to bat least two foldower than the GIC values.

4.2 Efflux pump inhibition

The first, £cond and third genation THIQ compounds werescreened in a
mycobacterial efflux pump inhibition assay, to probe whether efflux pump inhibition
(described in section 3.1.4) was a possible mode of action. The screening was carried
out by biological collabrators in the Bhakta group at Birkbeck.A reaktime
fluorometric method basl on a protocol reported by Rapleset al was employedo
evaluate the efflux pump inhibition abiliof the THIQs against. aurum®*®

The assay involved the use of ethidilmomide 172 (Figure 4.2),a commonly used
efflux pump substrate® Ethidium bromidel72 has a low fluorescent signal when
outside the mycobacterial cell, but becomes strongly fluorescent once insidé ihe ce
concentration dependent manner. When the test compound and ethidium kk@tide
were added td1. aurum an increase in fluorescence over time indicated that ethidium
bromide was accumulating inside th aurum cells, suggesting that efflux pump
activity was inhibited. Two knowpotentefflux pump inhibitors (verapamBl and
chlorpromazine82, Figure 3.4) were used as positive controls. Experiments containing
only the viable mycobacterib cells and ethidium bromidel72 served as negative
controb. In order to ensure mycobacterial ceflability were unaffected a

concentration of quarter the MIC of the THIQ compounds was used in the assay.

Figure 4.2 Efflux pump substrate ethidium bromitié2

" The efflux pump inhibition assays were carried out by Arundhati Maitra and Dr Parisa N. Mortazavi in
the Bhakta group in the Mycobacterial Research Laboratory at Birkbeck, Uniwdrisiimdon.
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A number of he fir st and second generation THIQs showed mycobacterial efflux pump
inhibitory activity (Figure 4.3 shows an example of the data obtained from the efflux
inhibition assay. For the complete set of results and graphs see Appendix chapter 9).
To compare thefflux inhibitory activity of the THIQ compounds, an efflux value was
assignedusing a scale of 0 to @able 4.4) The efflux value reflected the amount of
accumulation of ethidium bromidE/2in M. aurumafter 60 mirutes(Figure 4.3). The
positive contol containing the efflux pump inhibitor verapandll had the highest
fluorescence intensity in the experiments and was assigned an efflux value of 4 (efflux
value 4 = accumulationfethidium bromide comparable witterapamil representing
compounds withpotent efflux pump inhibitory activily The negative control
containing no efflux pump inhibitor was assigned a value of O (efflux value 0 =
accumulation of ethidium bromide was not above the levels of the negative control,

representing compounds with efflux pump inhibitory activity).

| Efflux value|

= 141e

142e

141d

142d

VP control (+ve)
CPZ control (+ve)
control (-ve)

'

¥

¥

Fluorescence (arbitrary unit)

5 10 156 20 25 30 35 40 45 60 55 60

Time (min)

Figure 4.3. Effect of THIQs on the accumulation of ethidium bromidéinaurum(VP = verapamiB1
and CPZ = chlorpromazir?)
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HO

R OH R
R THIQ Efflux value | THIQ Efflux value
NWK 141a 0 142a 2
NWK/ 145a 0 146G 2
ka/\ 145 0 1460 2
MNK/\/ 141b 0 1420 2
NK/\/\ 145 1 1l46c 3
T | 0 e
T ™= 0 e
é 141d 0 14 2
T 141e 0 142 4
e 141f 0 14% 3
O
o
(@]

Table 4.4. M. aurumefflux pump inhibitory activityof the first and second generation THI@flux

values were assigned using a scale-4f @here0 = accumulation of ethidium bromide not above the

levels of the negative control, and 4 = accumulation of ethidium bromide comparabtieestfiux
pump hhibitor verapamil.

The 6,#dihydroxy-THIQs 141a-f and 145%a-d were either poor efflux pump inhibitors
or disphyed no efflux pump inhibition witbfflux values = 61 (Table 4.4) In contrast,
the data indicated that the 7d#ydroxyTHIQs were efflux pmp inhibitors. The 7,8
dihydroxy-THIQs 142a-d and 146a-d with aliphatic substituents at the Cposition had
efflux values between-2 andpromoted the accumulation of ethidium bromideMn
aurum An exception was compounii4ed which did not show any #fix pump
inhibitory activity (efflux value = 0). The 7;8ihydroxyTHIQs 142e-f containing a

benzylic C-1 substituent also showed an increase in the fluorescence intensity, and
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compoundl42 promoted the highest accumulation of ethidium bromide (effalues=

4) which was comparable to verapa®il A correlation between efflux pump activity

and the MICs of the first and second generation THIQs was not observed. The results
strongly suggested that the ®Bydroxy substitution on the THIQs was contiiing to
thewhole-cell efflux pump inhibitory activity.

The third generation THIQs were also screened in the efflux pump inhibition assay
(Table 4.5 Figure 4.4and for the complete set of results ay@phs see Appendix
Chapter 9). The data for THIQ4.60 (efflux value = 1),166 (efflux value = 4)and161
(efflux value = O)containing a single hydroxy group clearly indicated that a hydroxy
group at the € position promoted the highest accumulation of ethidium bromid in
aurum The ZhydroxyTHIQ 166 was also able to inhibit efflux slightly better than the
known efflux pump inhibitor verapamil (Figure 4.4). Interestingly, THIGL with a
single hydroxy group at the-& position (which was found to enhance the MIC values)
showed no efflux pump inhibity activity. The 6,8dihydroxy-THIQs 164 and 165
with no G7 hydroxy group also showed no efflux pump inhibitory activity. The data
indicated that the brominated 7déhydroxyTHIQ 163 (efflux value = 4) inhibited
efflux in M. aurumand suggested thatelpresence of aniBydroxy group was tolerated
without loss of efflux inhibitory activity. In comparison, a @lihydroxy substitution
pattern generally resulted in THIQs with little or no efflux inhibitory activity (Table

4.4), even though a-C hydroxysubstituent was present.

R4
R2
RS NH
R4
THIQ R1 R> Rs R4 Efflux value
160 H OH H H 1
166 H H OH H 4
161 H H H OH 0
162 Br H H OH 2
163 Br H OH OH 4
165 Br OH H OH 0
164 H OH H OH 0

Table 4.5. M. aurumefflux pump inhibitory aality of the third generation THIQs.
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Figure 4 4. Effect of third generation THIQs on the accumulation of ethidium bromitie murum(VP
= verapamilBland CPZ = chlorpromazir?)

4.3 Synergism

Using efflux pump inhibitors in combination with etirgg antiTB drugs represents a
possible strategy for preventing the emergewifcdrug resistant TB and improvirthe
efficacy of drugs that are subject to effliseésection 3.1.49% Several efflux pumps

have been identified in various species of mycobacteria that are associated with low
level drug resistance. For example, the {ire antiTB drug rifampicin73 (Figure

3.1) has been found to cause low level resistandd.ismegmatisM. aurumand M.
tuberculosis™® Also, efflux activity inM. tuberculosishas been shown to contribute to

resistance to the firdine drugs isoniazi@2 and ethambutot5.**°

The efflux pump inhibition assay resutitthe first, second and third generation THIQs
(section 42) suggested that the 7YdhydroxyTHIQs and the Sbromo-8-hydroxy
THIQ showedM. aurumefflux pump inhibitory activity Six of the THIQghatshowed
efflux pump activity wereselected for screeninmp a synergism assaffFigure 4.5)

which wascarried ot by biological collaborators at Birkbedk. In addition, the 5

' The synergism assays were carried out by Arundhati Maitra in the Bhakta group in the Mycobacterial
Research Laboratory at Birkbeck, University of London.
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bromo-8-hydroxyTHIQ 91 (Figure 4.5 was selected for screening in the synergism
assay becausewas previously demonstratéa inhibit the growth oM. bovisBCG in
the Hailes and Bhaktgroups1%°

NH NH NH
HO HO HO
OH OH OH

142b 146c 142¢
Br Br
OO O
HO HO NH NH
OH OH 0O
@ Ly ™ "oy
142e 142f o 162 91 O o>

Figure 4.5 THIQ compounds selected for synergism studies.

The THIQs were evaluated in combination with the -@fi drugs isoniazid72,
rifampicin 73 and ethambuati 75 (Figure 3.1) for their MICs againd¥l. aurumand

evaluated for possible synergistic interactions (Table 4.6).

The MIC of isoniazid72 alone was 0.93gg/mL. In the presence of THIQ62 at a
concentration of 62.5g/mL the MIC of isoniazid waseduced Zold to 0.468ug/mL.

The other THIQs that were evaluated in combination with isonid2idither did not

show any reduction in the MIC or had a negative effect on the MIC (increased to 1.875
ug/mL). It was possible that the THIQs were invohregreventing isoniazid from its

entry into the cell and/or any endogenous antitubercular mechanisms of actions.

The MIC of rifampicin73 againstM. aurumalone was 0.62Hg/mL. When rifampicin
73 was used in combination with the THIQd2, 14, 142, 162 and 91 the MIC
decreased-bold to 0.312ug/mL. Particularly noteworthy were THIQglZ (featuring
an octyl alkyl chain at the -C position) and91 (featuring a Sbromo-8-hydroxy
substitution) because the decrease in the MIC was achieved when ¢hgseunds

were used at a low concentration of Qg¢mL.
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Anti-TB drug THIQ MIC in combination/ ug/mL | Fold reduction
(MIC/ pg/mL) (THIQ conc/pg/mL) of MIC
1420 1.875 (62.5) 0
146c 1.875 (31.3) 0
Isoniazid72 14 1.875(12H 0
(MIC = 0.938) 142% 0.938 0
14% 1.875 (62.5) 0
162 0.468 (62.5) 2
91 0.938 0
1420 0.312 (15.6) 2
146c 0.625 0
Rifampicin73 14 0.312 (0.1) 2
(MIC =0.625) |142 0.312 (125) 2
14% 0.625 0
162 0.312 (0.97) 2
91 0.312 (0.1) 2
142 0.150 (125) 2
146c 0.15 (0.1) 2
Ethambutol75 142c 0.312 0
(MIC = 0.312) 142% 0.312 0
14% 0.312 0
162 0.15 (15.6) 2
91 0.312 0

Table 4.6. Effect of selected THIQs on the MIC of fiflshe anti TB drugs.

The MIC of ethambutol75 against M. aurum was 0.312pug/mL. The MIC of
ethanbutol 75 was reduced-2old when used in combination with the THIQ42 and
146c, both featuring an alkyl chain at the-XCposition. THIQ146c contributed to
lowering the MIC when used at a lower concentration ofu@/inL compared to THIQ
142b which reauired a concentration of 125y/mL. The 7,8dihydroxyTHIQs 142e
and142f featuring a benzylic € substitutent did not show any reduction in M€ of
ethambutol75. THIQ 162 with a 5bromo-8-hydroxy substitution reduced the MIC of
ethantutol 75 2-fold at alow concentration of 15.Ag/mL.

Synergism has previously been defined as when the activity of a combination of two
drugs against a given microorganism is greater than the sum of the individual activities

of each drug® A combination of two compounds is said to be synergistic when the
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FICI (fractional inhibitory concentration index) is less than or equal td®®.5The
combination of the THIQs with the anfB drugs that resulted in aféld decreasen
the MIC (compared to the MIC of the afitB drug alone) all had a FICI value of 0.5,
and could be described as acting synergistically.

THIQ 162 enhanced the activity of all three of the anB drugs tested. Other
promising THIQs included42o, 14Z and 91 which were abé to reduce the MIC of
rifampicin 73 at a low concentration, and THI®46c when used in combination with
ethambutol. These preliminary investigations have shown the potential of THIQs to
improve the activity of existing arfiB drugs, possibly througlvhole-cell efflux pump
inhibition. Evaluatingthese compounds in a synergism study udihgtuberculosis
would allow comparisons to other efflux pump inhibitors reported in the literature.

4.4 Phenol bioisosteres

Phenolic compoundsra often prone to metabolism via oxidative reactions of the
phenolic hydroxy group by cytochrome P450 enzymes, generating reactive quinones
that have been associated with toxicological is$tfesn addition, phase Il conjugation
reactions are significantetabolic pathways such as glucuronidation (glucuronic acid is
conjugated to the phenolic hydroxy group) and sulfation (sulfate is conjugated to the
hydroxy group to form a phenyl sulfat®). This can reduce the oral bioavailability of

the compounds.

The first, second and third generation THIQs all contained at least one hydroxy
substituent on the aromatic ring. Based on the SAR results, the hydroxy group appeared
to play an important role in the antimycobacterial activities of these compounds
(sections 4.2, 4.1.4 and 4.1.6). An investigation into bioisosteres (defined as groups
which have physiochemical similarities producing broadly similar biological effects) of
phenols would be useful to identify compounds that may be less susceptible to
metabolic inativation and have an improved safety profilevhilst retaining
antimycobacterial activity. This could lead to the development of more clinically

relevant drugike compounds.

The presence of a hydroxy group at th& @osition of the THIQ scaffold resel in

compounds with the best antimycobacterial activities. Therefore target bioisosteric
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analogues were designed by replacing €8 hydroxy group (Figure 4)6 THIQ 173
featured an &mino group which represents a classical bioisosteric replacement of
hydroxy group, but does affect adise properties. Alternative bioisosteres that have
been reported include methanesulfonamides or ureas, and the sulfonakhidasNbeen
shown to closely resemble the pheneHON terms of acidity and hydrogen boddnor
properties’®® Replacement of phenols with heterocyclic rings such as indoles has also
been used, as indoles can form hydrogen bonds in a similar manner to phenol hydroxy
groups-® The target compound$74-176 were designed based on these known

bioisosteric replacements (Figure 3.6

H
173: R=§—NH, 175 R= g—N\n/N\/
NH S

H
174: R={—N__ 176: R= /i-NH
//SO fé\/

0]

7

Figure 4.6. Target THIQphenolbioisosteres.

Investigating a route to prepare thea®inoTHIQ 173 was initially undertaken
(Scheme 4.11). The phosphate mediated P&pengler reactio has been shown to
extend to the use of aminophenylethylamine substrates for the preparation of amino
THIQs'* It was anticipated that using this method might yield a mixture of the
regioisomers @aminoTHIQ 177 and the desired-8minoTHIQ 173 as was observed
previously for the hydroxgTHIQ series (section 4.1.1).-Aminophenylethylamind. 78

was first prepared by hydrogenation ofniBrophenylethylamine using a Pd/C
catalyst'?> The PictetSpengler reaction between amih@8 and hexanal washen
carried out under standard conditions in a 1:1 mixture of phosphate buffer (pH 6) and
acetonitrile at 56C. After purification of the product bgverse phasgrep-HPLC, the
6-aminoTHIQ 177 was isolated in 61% yield, but unfortunately the regioisomer 8

amino-THIQ 173was not detected.
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H,N
\©/\ KPi (pH 6, 0.5 My 12N~8
NH; CH3CN, 1:1 NH
178 2 NH P
o - 50°C, 18 h NH,

HJ\/\/\ 177 (61%) 173 (0%)

Scheme4.11 Phosphate mediated Pictepengler reaction of aniline derivatives.

In an attempto block the cyclisation occurring at the positjgarato the amino group,

a bromine substituent was added at this position to ensure cyclisation occurred at the
positionortho to the amino group. The required brominated starting mateftaas

first prepared from Z&aminophenylethylaminel78 using N-bromosuccinimide in
acetonitrile (Scheme 4.1%° The PictetSpengler reaction was carried out in a 1:1
mixture of phosphate buffer (pH 6, 0.1 M) and acetonitrile &tGBcheme 4.1ZXxp.

1). After 24 hars an aliquot of the reaction mixture was analysed by mass
spectranetry. The desired -&minc-THIQ 180was not detected. A further equivalent

of hexanal was added to the reaction mixture and after 24 hours the reaction was
analysed by mass spectrometgaen. Only starting materials were detected, and none

of the desired product. The reaction was repeated under more forcing conditions at a
temperature of 86C and using a higher concentration of phosphate buffer (0.5 M), but
again noe of the desire8-aminoTHIQ 180was formed (Scheme 4.12xk 2).

Br
H,N H,N NH, OSSN
2 NBS 2 2 (1.5 eq)
NH2  CHyCN X i NH
3 Br KPi (pH 6)/CH5CN
178 CH3;0H 179 NH,
(69%) 180

Exp. KPiconc. Temp. Time

1 0.1M 50°C 24h

2 05M 80°C 24h

3 0.01M rt 24 h

4  04M rt 24 h

5 1M rt 24 h

Scheme4.12 Attemptedphosphate mediatdRictet Spengler reaction for the synthesis of THIQD.
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A further three experiments were carried out on a small scale to stadsffect of
lowering the phosphate concentration and performing the reactions at room temperature
for a longe period of time (Scheme 4.12,xg 35). These conditions were
investigated because the Maresh group have reported that for the phosphatedmedia
PictetSpengler synthesis of hydroxyHIQs, lowering the phosphate concentration and
carrying out the reaction at room temperature yielded higher amounts of products where
cyclisation occurreartho to the activating group® However under these conditions

no amineTHIQ 180 was detected when the reactions were monitored by mass
spectrometry. Mostly the starting materda9 was detected, as well as side products
which were not characterised.

In orderto determine why the Pict&pengler reaction did not occur at the position
ortho to the activating amino group, an analysis of the side products formed would be
beneficial. It was possible that the aniline was reacting with the aldehyde and forming
an imne which would increase steric hinderance at the posditimo to the aniline
group, as well as decreasing the electrophilicity of the aromatic ring. -Eimeir®
THIQs 173 and 180 would have been a good starting point for the preparation of the
phenol linisostere compoundk74and175 (Figure 4.9. Therefore further exploration

of these bioisosteres was not continued.

4.5 Lactam/lactone synthesigrom 1-substituted THIQs

Benzop]quinolizines and pyrroloisoquinolines are tricyclic THIQ derivatives.eseh
structures are found in a number alkaloids intigdschulzeines AC, (-)-trolline and
crispine Aas well asn pharmaceuticals such as tetrabenazine, and display a variety of

pharmacological activities including antibacterial actiyfjgure 4.7.

T h ellactam and -lactam rings present in compounds such as schulzeirésaAd
trolline (Figure 4.7) have previously been constructed via intramolecular cyclisation
reactions. These include a trifluorometesulfonic acid mediated imide carbonyl
activaion and cyclisation stratedy’ an acid catalysed acflictetSpengler reactidf®

and intramolecular amidation reactiofi$,and often require protecting groups for

phenolic hydroxy groups and mukiep procedures.
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MeO MeO

N N
MeO MeO
H H
(S)-(-)-Trolline (R)-(+)-Crispine A S
(antibacterial and antiviral) (anticancer)

(R)-(+)-Tetrabenazine
(vesicular monoamine
transporter inhibitor)

HO \OSO3Na

11b_N O

OH
N
OSO;3Na

Schulzeine A: (R)-C-11b, R = CH3} antidiabetic (a-glucosidase inhibitors)

Schulzeine B: (S)-C-11b, R=H antiviral (neuraminidase inhibitiors)

Schulzeine C: (R)-C-11b, R=H

Figure 4.7. Benzop]quindizine and pyrroloisoquinolinbioactivealkaloids.

It was envisioned that the phosphate mediated Pspengler reaction between a
phenylethylamine and methyidxopenanoatel81 containing an ester functional group
would yield the 1-substituted THIQ182 (Scheme 4.13). The ester functionality could
then spontaneously cyclise via an intramolecular amidation to fheni-lactam183,
generating the benzalguinolizin-4-one tricyclic structure. To explore this hypothesis,
the 3,5dihydroxyphenylethylaminel56 was chosemas the starting materidecause it
was already shown to cyclise under the phosphate mediated $etegler conditions

in excellent yields to generate a single THIQ prodseegection 4.1.5).

HO - -
NH2 b ctet-spengl
156 . .cretopenger NH . N. _O

OH
o + 0 OH OMe OH

i 182 5 | 183

H OMe
181

Scheme4.13 Potential ongpot PictetSpengler/lactamisation reaction.
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Aldehyde 181 was prepared following literature procedures (Scheme 4’44)rhe
commer ci al I|-valerdactanel84avbsl opened to the corresponding alcohol
185, and then &wern oxidation afforded aldehyd81in 31% yield over the two steps.
This yield wassignificantly lower than that reported in the literature. Toia yield

of the aldehyde was likely to have been higher but some matergalostdue to the

volatility of the aldehyde anduring purification bycolumn chromatography.

0
o H,SO, )OW (COClI),, DMSO j\/\)?\
CH3OH, 65 OC, 5h MeO OH Et3N, CH2C|2 MeO H
184 185 181

(31% over 2 steps)

Scheme4.14 Synthesis omethyl 5oxoperanode.

The phosphate mediateHictetSpengler reaction betwegrhenylethylaminel56 and

aldehydel81wascarried out at 56C overnightyielding the EsubstitutedrHIQ 182as
the major poduct and a small amount tEctam183 (Scheme 4.15). The mixtu

products was separatdy reverse phase préPLC, and THIQ 182 was isolated in
87% vyield and lactaml83 in 4% vyield. Therefore under these conditionse

cyclisation of THIQ182to the lactami83was not favoured.

0] O

e
181
NH, 8 NH  * N_ _O
KPi (0.1 M, pH 6)/CH5CN (1:1)
156 3 OH OCH;
OH 50 °C, 18 h OH
182 (87%) O 183 (4%)

Scheme4.15 PictetSpengler cyclisation of amirkb6with aldehydel81

Published procedures for lactam synthesis from esters often require basic reaction
conditions'® Taylor et al. have reported the cyshtion of amino esters to the

corresponding lactams in excellent yields when using potassium carbonate in a mixture
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of methanol and watéf® These reaction conditions were interesting because after
formaton of THIQs from the phosphateediated PicteSpemler reaction, the addition

of potassium carbonate could then facilitate lactam formation in one pot. To investigate
this, THIQ 182 was added toca mixture ofphosphate buffer (pH 6, 0.1 M) and
acetonitrile, then 1 equivalent of potassium carbonate wasda@theme 4.16). After
stirring at room temperature for 24urs,lactam183was isolated in 31% yield.

HO HO
K,COs
NH > N 0
KPi/CH3CN (1:1)
OH OMe (31%) OH
182§ 183

Scheme4.16 Lactam synthesissing basic conditions.

It was probablethat the conditions used for the construct n o -factaimiweuld lbe

able to be optimised by exploring various parameters such as the effect of pH, the
equivalents of base and the reaction temperature. However due to only having a small
amount of THIQ182remaining towards the end of the prajebe onepot synthesis of

the lactam from phenylethylamirfb6 and aldehydel81 was attempted at this stage
(Scheme 4.17). The Pict8pengler reaction was carried out under the standard
conditions and after 5 hours all of the phenylethylamiife6 stating materialhad
converted to the THIQ intermedial82 (monitored by LEMS). Subsequent addition

of potassium carbonate to the reaction mixture promotethth@misation to generate
lactam183which was isolated in 40% yieldTo improve the yieldpptimisation of the

lactamisation steprould be necessargs described above.

HO 1) KPi (0.1 M, pH 6)/ HO
o) o) . o
H, * )J\/\/U\ CH4CN (1:1), 50 °C, 5 h N. O
MeO H  2)K,COg rt, 24 h
OH 156 181 OH

183 (40%)

Scheme4.17 Onepot PictetSpengler/lactamisation reaction.
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| n addition t -lactam sywithesis ifrgra-gubstitgted THIQs, an
intramolecular cyclisation to form lactones was also explored. It was anticipated that
the phosphate mediated Picgpengler reaction between a phenylethylamine and
methyl 3oxopropanoatel86 would yield the 1-substitded THIQ 187 (Scheme 4.18).

The ester factionality could spontaneously cyclise onto the8 @ydroxy group to
produce lactond 88 generating a tricyclic structure. The synthesis of tricyclic THIQ
lactone structures such &88have not previously been reported in the literature.

HO — _
HO HO
NH>
Pictet-Spengler NH NH

oH 156 - T TTET - e
n OH 0] 0
U i 187 S\ve ) o 188
H 186 OMe

Scheme4.18 Potential ongoot PictetSpengler/lactonisation reaction.

Aldehydel86was prepared from the commercially available dimethyl ad&@based

on a literature procedure (Scheme 448)The'H-NMR spectrum of the crude piact
confirmed the complete conversion of starting material to the product. However the
purification of aldehydel86 was not straightforward. Purification by column
chromatography resulted in product decomposition and none of the aldEBees
isolatal. Therefore the crude product was ushiectly in the next step without

purification.

j\)o\'\/'e TFA/H,O (1:1) j\/ﬁ\
MeO 189 OMe  CH,Cl,, rt,24h  MeO 186 H

Scheme4.19 Synthesis of methyl-8xopropanoate
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The phosphate mediateBictetSpengler reaction betwegrhenylethylaminel56 and
aldehydel86 yielded the isubstitded THIQ 187 in a moderate yield of 58% (Scheme
4.20). No formation of lacton&88 was observed. Lactone formation from esters and
phenolic hydroxy groups is often promoted by acidic conditions and high
temperature$’® Therefore,THIQ 187 was stirred in dilute hydrochloric acid, but after
24 hours analysis of the reaction mixture by LS revealed thabnly starting material
was present. The THIQ87 was then dissolved in a mixture of TFA and
dichloromethane and heatat reflux, but again only the starting material was isolated
from the reaction after purification of the crude material using reverse phege p
HPLC. It was possible thdactone 188 did form using these conditions, but was
hydrolysed back to the stary materials duringeverse phase&lPLC purification or
LC-MS analysis under thaqueous conditions. Therefoagtempts to synthesise the
lactone were not continued.

O O
HO HO HO
MeOMH HCl
NH, 186 NH VA NH
Sy 156 KPi (0.1 M, pH 6) oH OMe S
ICH4CN (1:1), 50 °C, 18 h
187 § o 188

(58%)

Scheme4.2Q PictetSpengler cyclisation of amirb6with aldehydel86and attempted lactonisation.

4.6 Pharmacokinetic and pharmacodynamic properties

The THIQs 91 and 92 have previously been identified within the Hailes group as
possessing potent antimycobacterial activity and moderate selectivity for acyeaal

cells Figure 3.8, sction 3.2.2)'*> These compounds were selected for pharmacokinetic
analysis to determine their potential for progress into further drug development. THIQs
91 and 92 were prepagd using the phosphate mediated Pi€e¢ngler reaction as
previously described (Scheme 4.2but would also be possible to prepare via a
BischlerNapieralski routé® The reaction between amirE57 and @mmercially
available 2,3-(methylenedioxy)benzaldehydE0 generated the THIQ produé&l in

12% isolated yield after purification by reverse phase p#dpPLC. The reaction
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between amind57 and aldehyddl40f generatedTHIQ 92 in only 3%isolatedyield.
The PictetSpengler cyclisation can only proceatho to the electron donating hydroxy
group, and it was likely that the low yields resulted from steric hinderance around the

newly formed carbowarbon bond as well as competition with undesired side reactio

Br

KPi (0.5 M, pH 6)/
CH3CN (1:1
3CN (1:1) O NH
80°C, 21 h
(12%) OH o)
91 >
o
Br
KPi (0.5 M, pH 6)/
J\/@: \ __CHON(1:1) NH
50°C, 21 h

(3%) OH 0
OH 157 140f °) 92 O >

o)

Scheme4.21 Synthesis of THIQs for pharmacokinetic analysis.

The following assays wergerformed by Pharmidex: aqueous solubility assay,
metabolic stability assays, permeability assay and CYP450 inhibition ‘Assaie
agueous kinetic solubility of compoun€é$ and92 was measured aconcentratiorof

1 mg/mL Compound91 had a solubility of 0.31 mg/mL and compoufid had a
higher solubility of 0.82 mg/mL Both of the compounds showed encouraging aqueous

solubility, particularly THIQ92.

The metabolic stability of compoun@4 and92 were evaluated in a human microsome
stability assay and a human hepatocyte stability assay. The microsomal assay gave an
indication of whether the compounds were susceptible tsephametabolism by
measuring the amount of compound remairtingt was exposed to microsomeger

time (Figure 4.8 Compoundd2 had a shorter halffe of 9.81 min compared t81

which had a halfife of 110 min. This suggested the benzylic substita¢mosition C

1 of compoun®2 was prone to rapid metabolism.

Vii

The solubility assay, metabolic stability assays, permeability assay and CYP45@idnhitsisaywere
carried out by Pharmidex (Pharmidex Pharmaceuticalslétéfanover Street, London, W1S 1)}H
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Figure 4.8 Results from the human microsome stability assay haltlife.

The hepatocyte stability assay gave an inghcaof whether the compoundsere
susceptible to phadeand Il metabolism (Figure 4)9 The same trend as seen in the
microsome assay was also observed in the hepatocyte assay. CorBgohad a
shater haltlife of 23.2 min in comparison to compou@d (half-life = 78.6 min), and
therefore92 had a higher metabagliinstability. The hepatic extraction ratio was also
evaluated which gave an indication of the amount of drug removed when passing
through the liver, and refers to the ratio of the hepatic clearance to the blood flow. A
high hepatic extraction ratio waefined as greater than 0.35. Both compo@idand

92 had a high extraction tia of greater than 0.6, indicatingese compounds would be

rapidly metabolised by the liver.

120 -

£

21007 B 91:t,, = 78.6 min

‘= 80 - Hepatic extraction ratio
o =0.61

s 60 -
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S 401 Hepatic extraction ratio
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Figure 4.9. Results from the human hepatocyte stability assay halflife.
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The CYP450 (cytochrome P450) inhibition assay showed that com@auimthibited

the activity of CYP450 enzymes to a greater extent than com@iufichble 4.5. The

high inhibition of these enzymes by compowgfi(greater than 80% inhibition) could
be a problemas drugdrug interactions would be more likely because CYP450 oxidase
enzymes are involved in the metabolism of many commonly prescribed drugs.
Compound91 also displayed a high inhibition of CYP2C19, CYP2D6 and CYP3A4,
but a lower inhibitiorof CYP1A2 and CYP2C (inhibition less than 50%).

THIQ % Inhibition

CYP1A2 CYP2C9 CYP2C19 CYP2D6 CYP3A4
91 37% 45% 98% 81% 80%
92 81% 82% 97% 93% 93%

Table 4.7. Results from the CYP450 inhibition assay.

The Madin Darby Canine Kidney (MDCK) lkeline transfected with the human
multidrug resistani gene (MDR1) was used to study the transcellular permeability of
the compounds and to assess the effect of efflux-gly¢protein (Pgp) on compound
permeability (Table 4.8). Compourfil was moderaly permeable in the MDCK
monolayer assay (3.2 x £@m/s), while compoun@2 had a lower permeability (1.7 x

10° cm/s). The high aqueous solubility 82 and more probable hydrophilic nature
would explain its lower cellular permeability compared to poond91. The efflux
permeability ratios classified both compounds as Pgp efflux substrates. Therefore drug

efflux was occurring, which could lead to poor exposure for oral drug development.

THIQ Papp (X 10° cm/sy’ Efflux ratio Pgp substraté
A-B B-A (B-A/A-B)

91 3.2 (medium) 38.0 11.9 Yes

92 1.7 (low) 18.8 11.3 Yes

Table 4.8 Results from the MDRMDCK permeability assayP.,,= apparent permeability of a
compound for apil to basal (AB) and basal to apical {B) permeation. Permeability (B): Pap< 2
(low), Papp> 20 (high). ®Compounds with efflux ratio > 1\Bere classed as Pgp substrates.
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To evaluate any offarget activities of compounds and92, a hit profilingscreen was
contracted to and carried out by Eurofins PanldbsThe hit profiling screen indicated

any adverse activity of the compounds against 35 targets including ion channels,
adrenergic receptors, GPCRs and CYP450 enzymes (Tableghkghts the argets
where greater than 50% inhibition was observ&dr the complete lisbf targetssee
Chapter 8experimental). The compounds were tested at a single concentration of 10
UM (ICsp data was not determined) and results were for ligand binding data
(agmist/antagonist mode of action was not determined). The responses were
considered significant if greater than 50% inhibition of a target was observed.

Assay Species THIQ 92 THIQ 91
% inhibition | % inhibition

CYP450, 1A2 human 60 -
CYP450, 2C19 human 99 73
CYP450, 2C9 human 63 -
CYP450, 2D6 human 96 -
CYP450, 3A4 human 94 -
Adrenergicaia rat 83 67
Adrenergicaig rat 78 55
Adrenergicasa human 93 65
Adrenergicb; human 93 85
Adrenergicb; human 91 75
Dopamine @ human 57 -
Imidazoline b, cental rat 69 -

Opiate u(OP3, MOP) human 70 -
Serotonin BHT g human 99 -
Sigma human 86 52
Sodium channel,ite 2 rat 88 88
Transporter, arepinephrindNET) | human 72 -

Table 4.9. Results from Eurofins Panlabs hit profiling screen, showing >50#bifidm.

Both compounds displayed a number of-taffget activities, but compoun@2

dispayed significantly greater offarget activity compared to compour®d. The

viii

The hit profiling screen wagarried out byEurofins Panlabs (Eurofins Panlabs Taiwan Ltd,
Pharmacology Laboratories, 158 The Road, Peitou,dipei, Taiwan 112, Taiwan R.O.C.).
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results showed compour@? displayed a significant response in 17 of the 35 assays,
whereas compoun@1 showed a significant response for 8 out of the 35 assaddT

4.9). The widespread otarget activities on adrenergic receptors and othetaodfet
activities would need to be reduced in order to develop a promising lead compound
whilst still retaining potency against mycobacteria.

In conclusiorthe results from the pharmacokinetic analysis of THIQ cumps91 and
92 havehighlightedcompound91 asa more promising structure to develop further as
an antiTB scaffold.
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5. Tetrahydrobenzazepines and profens

5.1 Tetrahydrobenzazepine synthesis
5.1.1Cyclisation of 3,4dihydroxyphenylpropylamines

An investigation into applying thephosphate mediated Pici8pengler reaction
(described in section 3.3.4) tthe synthes of 7membered ring tetrakyo-2-
benzazepines (THBPs) was conducteihe aimwas to preparaovel ksubstituted
THBPs thatwere analogues of the-embered ring THIQs thdtave previously been
shown to possess inteséing antimycobacterial activity”

First, a synthetic route for the preparation dfiy@lroxyphenylpropylamine derivatives
was required. A number of-Rethoxyphenylpropanoic mts were commercially
available including compound491 and 192 and so thesavere used as the starting
materials (Scheme 5.1). Based on a literature procédities carboxylic acidl91was
treated with thionyl chloride to produce an acyl chloride intermediate. Thighsas
dissolved in anhydrous THF and added dropwis an excess of 28% ammonium
hydroxide solution (to ensure the acyl chloride did not hydrolyse back to the acid) at O
°C to give the amidd93in 95% yield. Amidel93 wasreduced tathe amine194'"

using lithium aluminium hydride in THF, and subsequeeimdthylation with boron
tribromide yielded the desired 3ddhydroxyphenylpropylaminel95 in quantitative

yield as the hydrobromide salt (Scheme 5.1). The demethylation step was initially
attempted using hydrobromic acid and acetic acid which had prévioeesn described

for the preparation of compouri®5*"® However it was found that it was difficult to

purify the product using this method due to excess acetic acid in the crude material.

The same synthetic route wadso applied to the synthesis dhe analogue3,5-
dihydroxyphenylpropylaminegl96 (Scheme 5.1). Commercially available carboxylic
acid 192 was converted to the amid®7"" in 54% vyield. Reduction of amidd.97 to
the amine198 followed by the demehylation step yieldedhe product196 as the

hydrobromide salt in quantitative yield
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1) SOCly, DMF ¢z,

MeOs OH  CHyCly 1t,3h MeO NH,
4 >
R 2) NH,OH, THF R
R, 0°C-rt,18h R,
191: R, = OMe, R, = H 193: R, = OMe, R, = H (95%)
192: R, =H, R, = OMe 197: R, = H, R, = OMe (54%)
LiAlH,, THF
0°-rt,5h
HO 3 MeO
) NH, BBr3, CH,Cl, I;/\ANHz
.HBr
R 3 _78°C - t, 24 h Ri
R, R,

195: R, = OH, R, = H (100%)
196: R, =H, R, = OH (100%)

194: R, = OMe, R, = H (77%)
198: R, = H, R, = OMe (48%)

Scheme 5.1Synthesis of hydroxyphenylpropylamines.

The phosphate mediated Piefgengler rea@n was initially attempted using,4
dihydroxyphenylpropylamind. 95 and phenyladaldehydel199 (Scheme 2). These
starting materials were chosen be@ti®y were close analoguesdmpamine and 4
HPAA, that are the natural substrates the enzymatic Pictebpengler reaction to
The

PictetSpenglereaction was carried out in a 1:1 mixture of 0.1 M potassium phosphate

generate the -enembered ring THIQ norcoclaurine (debed in section 3.3.3).

buffer at pH 6 and acetonitrile at 5. Analysis of the reaction mixture by @S
after 18 hours revealed the presence of mainly unréaotene starting materidl95
and a small amount of side products. The desiratihbered ring THBR0OOwas not
detected. The reaction was repeated using a higher concentration of phosphate but the

same result was observed.

KPi (0.1 M, pH6)  HO
HO - o CH5CN (1:1) O
T R — e e
HO H 50°C, 18 h

195 199

Scheme 5.2Attempted PicteSpengler reaction for the synthesis of THER.
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These initial results suggested that the formation of-meihbered ring via the
phosphate mediated Pici8pengler reaction would be significantly more challenging
than fa the analogous-6hembered ring formation. In generalmémbered rings are
more difficult to construct than the smallerd 6-membered ring analogues because of
entropic costs of the ring closure, transannular interactions and increased ring strain in
the cyclic product’® Only a limited number of Picté3pengler type cyclisations to
form 7-membered rings have previously been repofgedmplesn section 3.5.2).

Due to the instability of phenylacetaldehyde and its potential to form unwanted side
produds, further investigations into Pict8pengler reactions were carried out using
either benzaldehyde or an aliphatic aldehyde. Phenylpropylari®te and
benzaldehyde201 were reacted at 50C overnight in a 1:1 solution of potassium
phosphate buffer (pH)@&nd acetonitrile, and the effect of changing the concentration of
phosphate buffer from 0.1 to 0.5 M was explored (Table 5.1, ent®s 1In all three
experiments analysis of the crude products byME showed that mostly starting
materials were preseé When the reaction was repeated at a higher temperature of 80
°C the mass of the desired THEP2 was detected in the crude product (Table 5.1,
entry 4). However, very little product was formed and the majority of the crude mixture
consisted of the upacted starting materials. It was not possible to isolate any of the
THBP 102from this reaction

o HO
HOWNHZ . KPi (pH 6)/CHaCN, 1:1 O
H HO NH
HO 18 h
195 201 202 O

Entry Phosphate conc. | Temperature LC-MS of crude product

1 0.1 M 50°C Mixture of starting materials

2 0.25 M 50°C Mixture of starting materials

3 0.5 M 50°C Mixture of starting materials

4 0.1 M 80°C Mixture of starting materials and
mass corresponding to that
THBP 202was detected.

Table 5.1.Attemptedphosphate mediatdRictetSpengler reactigifor the syntiesis ofTHBP 202
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In parallel to investigating the PictetSpengler reactions, the alternative Bischler
Napieralski reaction (described in section 3.3.1) was usegreépare THBP 202
(Scheme 5.3). The dimethoxy analog@3 of the desired THBP202 was first
prepared according to a literature procedtiteAmidation of phenylpropylamindé94

with benzoyl chloride gavéhe amide 204 in 85% vyield. The BischleNapieralski
cyclisation of amide204 was achieved sing phosphorus oxychloride in refluxing
acetonitrile, which was followed by reduction of the intermediate imine with sodium
borohydride producing the dimethoxyHBP 203 in 92% vyield. Thiswas similar to the
yield reported in the literature of 90¥5. The dimethoxyTHBP 203 was treated with
boron tribromide in dichloromethane and once the demethylation reaction had gone to
completion water was added, however it proved difficult to extract the productiem t
agueous phase. THamall amount ofproduct which was extracted was purified by
reverse phase prefPLC to remove impuritiesand the THBP 202 was isolated in a

low yield of 11%. It is likely that a higher yield could be achieved using an alternative
work-up involving quenching the boron tribromide with methanol and evaporating the

volatiles generated.

o)
M
eO NH2 1) EtsN, CH2C|2 - MeO N
MeO 2 9 "
e 194 )J\ MeO 204
Ph

Cl

0°C-rt, 24 h 1) POCl3, CH3CN
(85%) reflux, 21 h
2) NaBH,4, CH30OH
0°C-rt,15h
Y (92% crude)

HO MeO
O 1M BBryin CH,Cl,
HO NH -78°C-r1t,20h  MeO
(11%)
O 202 203

Scheme 5.3BischlerNapieralski route tprepare THBR202

The preparation of the novetghenylTHBP 202 via the BischlerNapieralski route

indicatedthat compounds with this type of structure were accessinld therefore
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investigations into the phosphate mediated Risfengler synthesis of-dubstitued
THBPs was continued. The next PieSgengler reactions we attempted using the
more reactive and less sterically demanding aliphatic aldehyde hebé@mlTable
5.2). Thisaldehyde waselected because it would result in THBP products with a
pentyl substituent at the-C position, andhe 6-membered ring THIGanalogues with
this sulstitution displayed goodntimycobacterial properties (Chapter 4).

HO NH, Phosphate buffer/ HO-Z
co-solvent 1:1 T
195
HO + o 80 °C, 18 h HO s NH  HO A NH
A~ -
H 205 206

140b
Entry | Phosphate buffer | Co-solvent | Yield of 205° Yield of 206
1 water (no phosphatg CHsCN 0%’ 0%’
2 0.5M,pH 6 CHsCN 5% 3%
3 0.5M,pH 6 CHsOH 2% 1%

Table 5.2.PictetSpengler reactisfor the synthesisf 1-pentyt THBPs.%solated yield after HPLC.
®The mass of the THB product was not seen in thiS analysis of the crude mixture.

Phenylpropylaminel 95 and hexanal40bwere reacted at 8C in a mixture of water

and acetonitrile with no phosphate present (Table 5.2, entry 1). Analysis of the mass
spectrum of the crude product showed that there was no mass corresponding to the
THBP product, but mostly starting materigisesent. When the reaction was repeated
using the same conditions but with phosphate buffer (pH 6, 0.5 M) instead of water, the
THBP 205 was detected in the mass spectrum of the crude reaction product (Table 5.2,
entry 2). The crude product was purifieg reverse phase préPLC and two products

were isolated. The first eluted product was thedidroxy-THBP 205, formed from

the cyclisation occurringarato the activating hydroxy groy@nd was isolated in 5%
yield. The second eluted product was #9dihydroxy-THBP 206, formed from the
cyclisation occurringortho to the activating hydroxy groymnd was isolated in 3%
yield. The reaction waalsorepeated using methanol as twesolvent (Table 5.2, entry

3), but after separation of the THBRE5 and 206 using reverse phadéPLC an even
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lower yield of 2% was obtained. Therefoseetonitrile was considered to be a better

co-solvent than methanol.

In generalfor the synthesis of the alogous émembered ring THIQs vithe Pictet
Spengler reaabn, the para cyclisedTHIQs (6, 7-dihydroxy-THIQs) were formed as the
major product andhe ortho cyclised THIQs(7,8-dihydroxyTHIQs) were only formed
asa minor product (discussed in section 3.8 4.1.). It was therefore interesting
that for the membered ringsthe 8,9dihydroxy-THBP 206 was formed in a similar
guantity to the 7&lihydroxyTHBP 205, even though the yields of both the
regioisomers were very low. The &léhydroxy-THBP structure ws novel and
exploringbiological activities includig antimycobacterial activity would be interesting.

5.1.2 Cyclisation of 3,&dihydroxyphenylpropylamines

It was found for the synthesis of-rBembered ring THIQs that using 3,5
dihydroxyphenylethylamine substrates with a Mhyglactivated electron rich ring
resulted in excellenyields of the cyclisedbroduct and no regioisomer formation
(section 4.1.5). It was thereranticipated that for-membered ring synthesiasing
3,5-dihydroxyphenylpropylaminesubstrates would result in highgrelds of THBP

products.

The phosphate mediated Piefgengler reaction between amib@6 and hexanal was
carried out in a 1:1 solution of phosphate buffer at pH 6 and acetonitrile % 50
(Scheme 5.4). The 7@hydroxyTHBP 207 was isolated from this reaction in 72%
yield after purification by reversghase prefdHPLC. The reaction wathenrepeated
with different aldehydes. Using benzaldehyde provided the TREPN 26% yield,

and using phenylacetaldehyde resulted in the formation of TB@P which was
isolated in21% vyield(Scheme 5.4) These results were a significant improvement in
comparison to the reactions carried out with-@ifdlydroxyphenylpropylaminel95
where less than 5% of THBP products were isolated. This indicated that for the
cyclisation to form a7-membered ring to occur, a highly activated aromatic ring was
needed. The 3;8ihydroxy substitution on the aromatic rimg 196 would activate
position G6 towards cyclisation (by increasing the nucleophilicity at this position) more

thanthe 3,4-dihydroxy substitutioron aminel95
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HO_;
HO.3 NH, O  KPi(0.1 M, pH 6)/CH,CN, 1:1

H™ R 50 °C, 18 h R NH

T g T

207 (72%) 208 (26%) 209 (21%)

Scheme 5.4PictetSpengler reaction for the synthesis of-@di8ydroxyTHBPs. Yields refer to the
isolated yield of THBP after purification by HPLC.

The aldehyde used also affected yiedd of the 7,9dihydroxy-THBP products (Scheme

5.4). Higher yields were obtained with the aliphatic aldehyde hexanal. The lower yield
of THBP 208 when benzaldehyde was used, was possibly because the intermediate
imine was more sterically hindered byet bulky phenyl group. The lower yield of
THBP 209 when phenylacetaldehyde was used was attributed to unwanted side product
formation which lowered the amount of aldehyde available for the phosphate mediated

PictetSpengler reaction.

The novel 7,9ihydraxy-THBPs with various dubstituents would be good candidates
for antimycobacterial screening and work is ongoing to test the activities of these 7
membered ring compounds and compare them to the correspondiegnbered ring

THIQ analogues.

5.1.3Lactam synthesisfrom 1-substituted THBPs

It was previously found for the-Biembered ring THIQs that if the substituent at
position G1 contained an appropriate ester functionality, cyclisation onto the amine (N
2) produced lactam tricyclic derivatives (sectio®)4 It was proposed that a similar

reaction could occur with themembered ring THBP analogues.

The phosphate mediated Piefengler reaction between phenylpropylanii®é and
aldehydel81 at 50°C yielded THBP210 as the major product and lactéthl as the
minor product (Scheme 5.5). The products were separated using reverse phase HPLC,

and THBP210was isolated in 80% yield arldctam211in 12% vyield. In comparison,
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the PictetSpengler reaction to prepare then@mbered ring THIQ analogues yielded
the Esubstitded THIQ 182 in 87% yield andactam183in 4% vyield (Scheme 4.15).
Similar to the THIQ reaction, under the Pie&engler reaction conditions cyclisation
of THBP 210to generate the lactagilwas not favoured. However, a higher yield of
lactam211(12%) was formed compared to the THIQ analogue lad@®{4% yield).

HO

NH, KPi (0.1 M, pH6) HO HO
CH4CN (1:1
196 3 ( ) NH + N
OH 50°C, 18 h 0
+ OH OH
0 0 OMe
0, 0,
MeOJ\/\/U\H 210 (80%) 4 211 (12%)

181

Schemeb.5. PictetSpengler cyclisation of amiri®6with aldehydel81

To establish whether THBR10 could be cyclised to the lactagil under aqueous

basic conditions210wasdissolved in a phosphate buffer and acetonitrile solution and
treated with potassium carbonate (Scheme 5.6). The reaction was stirred at room
temperature and analysed byIMS to monitor the disappearance of THBEO. After

36 hours most of the THBP1LO had been converted to product. After 48 hours the LC

MS traceappeared the same as when run at 36 hours, so the reaction was stopped at this
time. Purification of the crude product by prelf’LC resulted in isot@on of lactam

211in only 29% vyield. A side product which was detected in theNLE analysis of

the reaction mixture corresponded to the hydrolysed praiiitt

HO HO HO
K,CO,
NH KPi/CH3CN (1:1) N o NH
OH 48 h, rt OH OH
0,
210 OMe (29%) 211 side product CO,H
o 212

Schemeb.6. Lactam synthesis under basic conditions.
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The <cycl i sat Haztam fiom THBB2AOwast nbt eptimiised due to only
having a small quantity of the THBPLO and the amind@96 remaining towards the end

of thePhD. However, aonepot synthesis of lactardll from phenylpropylamind. 96

and atlehyde 181 was attempted (Scheme 5.7). The Pi@&péngler reaction was
carried out under the standard conditions and after 8 hours all of the phenylpropylamine
196 had converted to the THBP intermedi2E (monitored by LEMS). Subsequent
addition of ptassium carbonate to the reaction mixture promoted the cyclisation to
form lactam211, which was isolated in 39% yield.

1) KPi (0.1 M, pH 6)/ HO
NH O 0 CH3CN (1:1), 50 °C, 8 h

+ )J\/\/U\ N O
MeO H  2)KyCOs, rt, 48 h

OH
OH 196 181

HO

211 (39%)

Schemeb.7. Onepot PictetSpengler/lactamisation reaction.

It was likely that the reaction comidns (such as pH, equivalents of base and
temperature) used for the construction ofitHactam ringin the second step of the ene
pot synthesisvould be able to be optimised in order to improve the yield of the product.
The tricyclic THBP derivative211 represents a novel structure and testing of its

antimycobacterial properties would be interesting for future studies.

5.2 Profen synthesis
5.2.1 Ibuprofen analogues

A set of analogues of the nateroidal antinflammatory drugs ibuprofe8 and
loxoprofen 79 were preparedor antimycobacterial screening. h@ Bhaka group have
previously shown profens {@rylpropionic acids) including/8 and 79 to be good
inhibitors of the growth oM. tuberculosisas well asMDR-TB strains (described in
section 3.1.3%* The target compounds includedro- and amineibuprofenderivatives

138 (Figure 3.12). These were selectieeicausea dinitro-ibuprofen derivative was
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previously shown to improve the antimycobactepatency against the growth .
tuberculosiscompared to ibuprofett.

The ritration of ibuprofen78 was carried out according to a literature procedf{ire,
using 70% nitric acid and concentrated sulfuricda¢bcheme 5.8). This afforded a
mixture of the starting materi&l8, the mono-nitrated produc13 and the dinitrated
product 214, in the ratio 3:75:22 as determined Hy-NMR spectroscopy. The di
nitrated compoun@14 was removed from the mixte usingcolumn chromatography.
This left a mixture othe monenitratedproduct213 containing approximately 5% of
the starting materialr’8. Recrystallisation from ethyl acet#texane successfully
removed the starting material to yield timeno-nitratedprodud 213in 31% yield The
nitro group addedrtho to the activatingiso-butyl group and this regioisomer was
confirmed by NMR spectroscopy.

O,N
HNO3, H,SO, CO,H 2 CO,H

0°C-rt,1.5h

CO,H
NO, NO,
Ibuprofen 78 213 (31%) side product 214

Schemeb.8. Nitration of ibuprofen.

The nitro compoun®13 was reduced tohe aniine 215 via catalytic hydrogenation
with a palladium on carbon catalyst in methanol (Scheme'®.9\fter purification by
reverse phase prapPLC, the aniline 215 was isolated as the TFA salt in 37% yield.
The ibuprofenderivatives213 and 215 will be saeened fortheir antimycobacterial
activity by biological collaborators (Bhakta group) to determine the influence of the

nitro and amin@romatic ring substituents on the antimycobacterial properties.

COH  Hy, PdiC CO,H
CH30H, 5h, rt TFA
NO, (37%) NH,
213 215

Scheme5.9. Reductim of nitro-ibuprofen.
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5.2.2 Loxoprofen analogues

In order to prepare the loxoprofen derivative target compout®% Figure 3.12), first
loxoprofen79 was synthesisedollowing a similar route to that reported by Yamakawa
et al’® Methyl esterification otommercially availabl@-(p-tolyl)propanoic acid?16
under acidic conditions gawbe methylester217in 94% vyield (Scheme 5.10, éthod

A). Compound217 was subsequently treated witkbromosuccinimide (NBS) and
azo(bis)isobutyronitril AIBN) in carba tetrachloride Heating the mixture at reflux

for 5 hours gave the bromo derivati2&8 in 84% yield after filtration of the reaction
mixture and purification of the product by column chromatography. The bromo
derivative 218 was also synthesised by aiteanative route starting from -@-
(bromomethyl)phenyl)propanoic aci®19 (Scheme 5.10 Method B). Methyl
esterification of compoun@19 by stirring at room temperature in methanol with
sulfuric acid as a catalyst yielded the bromo derivativ&l8 in 77% yield after
purification by column chromatography. A minor side product from the reaction was

182

characterised as the methoxy derivaa®,~““ which eluted as a second fraction from

the column.

Method A:

H,S0,
OMe NBS, AIBN
COZH CH3OH e
t, 24 h O CClyreflux, 5h g
94%
216 (94%) 217 (84%)
Method B: 2SO4

CH4OH

COH — s
t19h g
(T7%)

218

Schemeb.1Q Synthesis ofthe bromantermediate218for the preparation of loxoprofen.

side product 220

The bromo derivative218 was next added to a solution of ethyb®ocyclopentane
carboxylate221 in acetone in the presence of potassium carbonate (Scheme 5.11).
After heating at reflux for 16durs, the dieste222was isolated in 61% yield. Finally,

decarboxylation and hydrolysis dhe diester 222 under strong acidic conditions
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afforded loxoprofen79 in 76% yieldas a mixture of stereoisomensth NMR data

consistent with literature report¥’

O
O OMe
OMe é’zg?ﬁ
Br 0] ©
K>COg, acetone
218 reflux, 16 h COzEt 222
(61%) HCI, AcOH
reflux, 5 h
(76%)
@)
CO,H

loxoprofen 79

Schemeb.11 Synthesis of loxoprofen.

Loxoprofen79 contains two chiral centres and is used clinicalyan antinflammatory

drug asa racemic mixture of all four stereoisomers (Figure 5.1). Itis a prodrug, and in
humans is metabaed throughreduction of the ketone moiety to the corresponding
alcohol metabolites, of which there are 8 possible stereoisdfffersThe most
pharmacologically active metabolite, the5(2R,6 &)drans-alcohol223 (Figure 5.1), is
formed in larger amounts than the other stereocisomers and is also derived from the
metabolic inversion othe cis-alcohol metabolite¥® Therefore, interesting target
loxoprofen derivatives to prepare for antimycobacterial screening included compounds

accessible @ reduction of the ketone.

OH ~_OH
SULR
79 223
Loxoprofen (2S,1'R,2'S)-trans-alcohol

Figure 5.1 Prodrug loxoprofen and itsioactive alcohol metabolite.
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The ketone moiety of loxoproféf® was reduced with sodium borohydride in methanol,
which affordedthe alcoholderivative 224 in 95% yield (Scheme 5.12). Alcoh@p4

was isolated as a 3:1 mixture of thrangcis stereoisomerss determined fromH-

NMR spectroscopy dafd® Depending on theresults of the antimycobacterial
evalation of compound 224, future investigations into the preparation of single
stereoisomers may be useful. Asymmetric syntheses of single enantiomers of alcohol
224 have been reported usimither asymmetric hydrogenatid¥ or chemoenzymatic
routes involvim thereduction of the ketone with a ketoreductéSe.

) NaBH, OH
CO.H *2! *2"COzH
CH30H, rt, 2 h
%1 Ratio diastereoisomers at
79

(o)
(95%) 224 1'/2' positions = 3:1 (trans/cis)

Schemeb.12 Reduction of loxoprofen to the alcohol analogue.

The second analogue of loxoprofet® that was prepared was the novel amino
compound225 (Scheme 5.13).Reductive amination was carried out by treatment of
loxoprofen79 in methanol with ammonium acetate and sodium cyanoborohydride at
room temperatur®® Purification of the crude product by reverse phasg-ptieLC,
followed by recrystalliation afforded theamino compoun@25in 46% vyield. Similar

to the alcohoderivative 224, the aminocompound225 was isolated asa mixture of

stereoisomeri a 6:1 ratioat the H20positions determined byH-NMR spectroscopy

O NH4OAc, NaCNBHj; NH,
COZH *2' *2 COZH
CH3OH, rt, 48 h
g Ratio diastereoisomers
79

(46%) * o
225 at 1'/2' positions = 6:1

Scheme5.13 Reductive amination of loxoprofen.

A method for the asymmetric dactive amination of loxoprofed9 was alsodesirable
as it would enablthepr epar at i on Rpd r &fclrird amine2lShwhich( 2 6
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would then be able to beevaluated separatelin the antimycobacterial assays
Transaminases (TAms) have beerdith the asymmetric synthesis of chiral amines for
pharmaceutically relevant compounds. They catalyse the transfer of an amino group
(from an amine donor substrate) to a carbonyl such as a ketone, generating a chiral
amine. TheArthrobacter sp. transammase is R)-selective and has previously been
reported for the amination of ketones for compounds including steroids and 1,3
ketoamides®® The potential ofisingArthrobacterTAm for the asymmetric amination

of loxoprofen79 was tested usingRj-methylbenylamine 226 as the amine donor and

the cofactor pyridoxab phosphate (PLP) (Scheme 5.14). The production of
acetophenon227was monitoredy analytical HPLC. When the transaminase reaction
was carried oytonly a small amount of acetopheno@@7 was cetected. This
suggested that an alternatisenine donor such as mpylamine should be used, or
thatloxoprofen79 was not accepted by the enzyme as a substrate.

Arthrobacter sp. TAm
CO,H PLP, KPi (pH 8) CO,H

(2'R)-225
Ph/\ Ph)J\

(R)-226 227

Schemeb.14 Attempted R)-selective transaminase cated amination of loxoprofen

The transaminas€hromobacterium violaceufCV-TAm) has previously been shown

to accept a wide range of ketones and isSpsélective transaminasé. The amination
reaction of loxoprofer¥9 was carried out usin@€V-TAm, howerer problems were
encountered with the HPLC monitoring of the production of acetophe2®ne The

results were not reliable and would need to be repeated, however due to the limited time

avdlable at the end of the Phibis was not further investigated.

An evaluation of the antimycobacterial properties of the ibuprofen anal@jiBesnd
215 and the loxoprofen derivative®24 and 225 is currently ongoing by biological
collaboratorgBhakta group)
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6. Asymmetric phosphate mediatedPictet-Spenqgler reacton

6.1 Chiral sugar phosphates

Water is an attractive reaction medium for organic synthbsisasymmetric catalysis

in water is challenging because of its strong hydrogen bond donor/acceptor prpoperties
which can disrupt interactions between a chirablyat and a substrate. An emerging
class of water compatible asymmetric catalysts are chiral biological phosphates such as
DNA, RNA and nucleotides (described in section 3.4). Previous work published by the
Hailes group demonstrated that a range of ploat es i ncl uding t he
monophosphate (UMPR28 and glucosel-phosphate229 (Figure 6.1), acted as
efficient catalysts in the biomimetic phosphate mediated PEpengler reaction for the
synthesis of norcoclaurinkd8 (Section 3.3.4, Schean37).*?* The stereoselectivity of

the reaction was not analysed, but UREEB and glucosel-phosphate29 both contain
multiple chiral centres within the single isomer molecule which could potentially
influence the stereoselectivity. Asymmetric versions of the Psgengler reaction

have been reported for the synthesis of THIQs with a chiral centre atlhgo€ition
(described in section 3.3.5), but to date there are no examples where the reactions have

been performed in aqueous media.

O
@ HO
O ¢}
11
OH OH O—IT’—OH
OH
OH OH OH
uridine 5'-monophosphate glucose-1-phosphate
228 229

Figure 6.1.St r u ct ur e -monophasphatelandgiuceBgphosphate.

A range of commercially available single isomer sugar phosphates were selected to
screen in the phosphate need PictetSpengler reaction between dopamir@l and
phenylacetaldehyde 199, generating the THIQ product230 (Table 6.1).
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PhenylacetaldehydEd was selected because it was a close analogueH&TAA 107,

the natural substrate for tidCS enzyme catadedPictetSpengler reactioiScheme

3.7, section 3.3 In contrast to 41PAA 107 (which was unstable and required
synthesisfrom the corresponding alcohdhcheme 4.3), phenylacetaldehyti® was
commercially available and more chemically stable. FistetSpengler reactions were
carried out using standard conditions in a 1:1 mixture of aqueous phosphate solution
(pH 6) and acetonitrile at 58C. After 4 hours the crude product was purified by
reverse phase prépPLC to obtain the THIQroduct230(Table 6.1).

Phosphate (0.067 M, pH 6)

HO
HO 0 ICHSCN (1:1)
N - HO
HO NHy 50 °C, 4 h

101.HCI (1 eq) 199 (1.2 eq)
Entry | Phosphate Yield® |e€ |191R
(%) (%) | ratio

1 No phosphate added o° - -

2 Potassium phosphate 64 2 51/49
3 a-D-Glucosel-phosphate 71 2 49/51
4 D-Glucose6-phosphate 69 0 50/50
5 D-Fructo®-6-phosphate 64 2 51/49
6 Ur i d rmorophbsphate (UMP) 67 2 49/51
7 Cy t i d-man@phoSpbate (CMP) 19 0 50/50
8 2®e o xyur-mahophosphdieddUMP) | 45 2 49/51
9 2®deoxyt hy-mondphosghatd(GTMP)| 69 2 49/51
10 Inosine ®monophosphate (IMP) 41 6 47/53
11 Gu a n o smonapho$pbate (GMP) 34 8 46/54
12 2®e o xygu a-monsphosghatd(GGMP) 57 6 47/53
13 Adenosmanreo blbo s#pMR t e (| 25 6 47/53
14 Adenosmanreo Bo s#pMRAt e (|43 6 53/47
15 Cyclic adenosine monophosphate (CAMP) 17 0 50/50

Table 6.1 Screening sugar phosphates in the biomimetic PRptengler reactioriisolated jeld after
purification by reverse phase HPLRLC-MS of the reaction mixture showed a very small amofint o
THIQ product had formed which was not isolat@ktermined by chiral HPLC.
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A chiral analytical HPLC method for the separation of THIQR){230 and (19-230

was developed at GSK by Dr Eric Hortense, which was then also adopted &t UCL.
The assignmentfe@nantiomers was made by comparison of a racemic sample of THIQ
230with a sample of the enantiopure§4230, which was synthesised by collaborators
via an enzymatic rout€>'?! The enantiomeric excess (ee)280was determined from

the chiral HPLC analysis.

All of the phosphates used successfully promoted the FSgiemgler cyclisation to

yield THIQ 230 (Table 6.1), highlighting the key role that the phgsate has in
mediating the reaction. When the reaction was performed without the addition of
phosphate (Table 6.1, entry 1), only negligible amounts of the pra2B@twere
detected by C-MS ard thereforet was not isolated gourified. As a positive aatrol,

the reaction was carried out using potassium phosphate as the catalyst to generate the
racemic THIQ230in 64% vyield (Table 1, entry 2). The glucose and fructose mono
phosphorylated sugars did not induce stereoselectivity in the product (TaldatBids

3-5), but were as effective in mediating the reactions as potassium phosphate,
generating THIQR30in 64-71% yields.

A set of commercially availablgyrimidine nucleotides were screened in the Pictet
Spengler reaction, including uridine, cytidin a n d t h-snonopHosphages @ @ble

6.1, entries @). These phosphates did not induce stereoselectivity in the pragluct

The isolated yields of THIQ30 were between 469% when uridine or thymidine
nucleotides were used as the phosphate sobmteeduced to 19% yield when cytidine
monophosphate was used. A set of purine nucleotides were also screened in the Pictet
Spengler reaction (Table 6.1, entries18). For these reactions the proda80 was
isolated in lower yields ranging from Z&%, but a small stereoselectivity was
observed (8% ee). An exception was when cyclic adenosine monophosphate was
used, where no stereoselectivity was observed (0% ee). The purine nucleotides that
were monep ho s phor yl goskiah (IMR, GMPhdMP5 6a nAMP,5Table

6.1, entries 1413) induced the same stereoselectivity in the product, witgh-ZB0 as

the predominant configuration. This was opposite to the stereoselectivity of the

enzymatic eaction,which gives rise to THIQs with a §)-configuration*®> When the

X Chiral HPLC analysisfor reaction entries -® and 1114 in table 6.1were performed by Dr. Eric
Hortense at GSK, Stevenage. All other chiral HPLC analysis described in chapter 6 were carried out at
UCL.
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purine nucleotide was mosmhosphor yl ap @sli taAbP) the3lH3 6
stereoisomer was favoured with a small enantiomeric excess of 6% (Table 1, entry 14).
This was oppositetbo hat o bser ved-monophtsphatel suggesititsh e 5 0
the stereoselectivity may be influenced by the position of attachment of the phosphate
group on the furanose ring.

The role of phosphate in mediating the Pk3pengler reaction has previy been

proposed agitheracting as a general base (abstracting a proton from-théy@roxy

group of the intermediate imine) or forming an intermediate aminophtsgsection

3.3.4, Schemes 3.8 and B.9 The phosdAMRA3EFigyre &.d)lipson n 506

the same face of tHeranoser i ng as t he a dAdMR 238 (Eigue6.8)u p . Il n 3
the phosphate group lies the opposite side of the furanassy to the adenine group.

Therefore, lhe intermediate imine/aminophosphgteup could be held ¢her above or

below the furanose ring which may #nfluence s
interactions between the phenyl groups of the substrate and the adagimé the

nucleotide. Interactions between catecholamines and adenine nucldntidgueous

solution have previously been demonstrated'HiNMR studies by Granoet al,

through stacking interactions between the catechol and the adenin@ ring.

The phosphate group in cAMP33 (Figure 6.2)is held in a ring in a rigid position,
which may have not allowed the intermediate imine/aminophosgiatgto form any
stabilising interactons with the adenine ring It was also possible the ionisation
properties of the phosphate moiety played a role. cA&8IPis a phosphodiester and at

pH 6 exists as the monoanion. In comparison, the other purine nucleotides screened
i ncl udMm2B1labndd-AMP&®32would have existed as a mixture of the mono

and dianionspecies

NH, NH, NH
2 | 4
(I? <N N/) <N N/) <N N/)
o 0]

HO-P-0—° HO Lo
OH 3\/—\(, Ho—ﬁ\\/—\(o !,
OH OH Q@ OH o
0=P-OH
231 5-AMP OH 232 3-AMP 233 CAMP

Figure 6.2.Structure of adenosine mautwsphates.
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DNA was also screened in the phosphate mediated fSptigler reaction (Scheme

6.1). The reaction was carried out at pHbi6pH 2.3 (the pH of the DNA when
dissolved in water). The yield of THIZBOfrom these reactions after 4 hours was lo
(6-11%). The chiral environment of the DNA helix did not induce stereoselectivity in

the product 230 (0% ee determed by chiral HPLC analysis). DNA is a
polynucl eotipdheo,spwiatt e tgheo upd of onlydraxyucl eo
group of amadjacent nucleotide. Similar to cAME33 (Figure 6.2) the phosphate group

is part of a more rigid structure than the phosphate groups presanglenucleotides

and may be less accessible to promote the Psgengler cyclisation.

DNA in water (~20 mg/mL)

HO
O /CH5CN (1:1
NHz 50 °C, 4 h

HO
99.HCI (1 eq) 199 (1.2 eq)

230.TFA

AtpH6: 11% yield}oo
At pH 2.3: 6% yield | °7° ©®

Scheme 6.1DNA (herring sperm) as the phosphate source in the biomimetic-Bjpbetgler reaction.

6.2 Modified adenosine monophosphates

The general trend found from screening chiral singtemer nucleotides as mediators

for the biominetic PictetSpengl er react i onmonophasphates h a t
induced a small enantiomeric excess in the THIQ product, which was not observed with
pyrimidine nucleotides. This suggested the stereoselectivity could be influenced by the

presence of thpurine moiety.

Purine heterocycles are larger than pyrimidines and exhibit restricted rotation about the
N-glycosidic bond, giving rise to th&/n andanti-conformations (Figure 6.3). Purine
nucleotides generally favour tlati-conformation, but theynanti equilibrium can be
altered by the addition of substituents at thé& @osition of the purine ring. For
exampl e, anreophosphata with & liromo substituent at th&pgosition has

been shown to favour theynconformation in water, due todreased steric hinderance

between the bromo group and the sugar (Figure'®3).
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NH,
N S R=H N* N

R-Y f\N — )I DR
0 _<N N/) O k\N N

|l
HO—FI>—O o Ho—|:l>—o o
OH R =Br OH
OH OH o OH OH
anti syn

Figure 6.3.Syn andanti-conformations of purine nucleotides.

In order to investigate the steric effects of thacleotide purine ring on he
stereoselectivity of the phosphate mediated RBpetngler reaction, it was decided to
prepar e anaAMP @3evgh varibus Substituents at the-8 position
following literature procedures. First;l8r o mo a d emmooophosplate BG

AMP) 234 was prepared according to a procedure by the Wagner group, where the
unpr ot ect e dAMP 23 in soditm atetate hulffevas directly modified by

the addition of a saturated aqueous bromine solution (Schemé®®%.Z)he crude
product contained small amount of residuabdium acetateandcould beused directly

in the next step without further purification.

)j: aq. Bry, )j:
\y  NaOAc buffer (0.5 M, pH 4) A\
o k > O k >—Br

I t, 24 h
Na'O-P-0 (>100% crude) HO- P o
O'Na* ONa
OH OH OH OH
231 (5-AMP) 234 (8-Br-AMP)

Scheme 6.2Synthesis of &8r-AMP.

8-Br-AMP 234 was next used in Pcatalysed cross couplings to introguaryl groups
at position C8 (Scheme 6.3). According to a procedure described by the Wagner
group, the crossoupling reactions betweerBE-AMP 234 and arylboronic acids were

carried out in waterusing acatalytic system involving the water solublgdnd TPPTS
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(triphenylphosphing , 3 arisufanid acid sodium salt) and the Pd source, sodium
tetrachloropalladate(It)>* Purification of the crude -BhenyFAMP 235 product was
initially attempted by pagsg the material through a short column of reverse phase
silica, and eluting witHPrOH/HO/NH,OH. Unfortunately this purification method
was unsuccesul, and the isolategroduct235 contained impurities. In the literature,
ion pair chromtography wasused to afford $henytAMP 235 in 82% yield*®®
Therdore for the purification of $henyFAMP 235 reverse phase préPLC was
carried out using a gradient of 0.05 M TEAB (triethylammonium bicarbonatéshga
acetonitrile as the mobile phask.was very difficult to optimise the HPLC conditions
to separate the compounds in the mixture, and minor impurities were still present in the
product as observed Byl-NMR spectroscopy. The isolated yield of compd235
was 84% but this contained impurities.

The crosscoupling methot?® was also applied to the synthesis of four noveirg-

AMP analogue236-239(Scheme 6.3). Thisolated yields ranged frod0-3%%, which

were low due to the loss of material when purifying the nucleotides by reverse phase
HPLC. The 8naphhyl-AMP analogue236 was preparedso that the effects of sterics

on the stereoselectivity of the phosphate mediated FSgengler reaction couldeb
studied. The &ryFAMP analogues237-239 featured either an electron donating
hydroxy or methoxy group or an electron withdrawing nitro group on the aryl ring, so

that electronic effects could be explored.

NH NH,
N7 N R—B(OH),, K,CO N7 N
k | \>—Br ( )2: 2 3 k | \>—R
O SN Na,PdCl,, TPPTS 0 NN
HO-P~07 o H,0,80°C,1.5h  HOR~07 o Et;N
Nt
O'Na OH (1.1-1.67 eq)
OH OH OH OH
234 (8-Br-AMP) 235239
R= §© §4‘i §4< >—0H §4< >—0Me §—< >—No2
235 84% 236 39% 237 15% 238 26% 239 10%

Scheme 6.3Synthesis of &ryl-AMP compounds
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The modi fi e dmoroghesphats nucleotidés Gvere used as the phosphate
source in the phosphate mediated Pi€eengler reaction between dopamir@l and
phenylacetaldehyd@99 (Table 6.2). The reactions wererformed using standard
conditions of a 1:1 mixture of the aqueous phosphate solution (0.067 M, pH 6) and
acetonitrile at 50C. After 4 hours the crude product was purified by reverse phase
prepHPLC to obtain the THIQ@30, which was analysed by chiraPHiC to determine

the enantiomeric excess.

Phosphate (0.067 M, pH 6)

HOm w /CH3CN (1:1)
+
HO NH 50°C, 4 h

101.HCI (1 eq) 199 (1.2 eq)

Entry | Phosphate Yield® |eé 191R

(%) (%) ratio
1 8-Bromo-AMP 234 49 10 45/55
2 8-PhenyiAMP 235 31 10 45/55
3 8-NaphthytAMP 236 59 8 46/54
4 8-HydroxyphenyAMP 237 49 10 45/55
5 8-MethoxyphenyfAMP 238 43 12 44/56
6 8-NitrophenytAMP 239 45 14 43/57

Table6.2Scr eeni ng mo d i-nfonophdsptatésamthe biomineetic Piédgtengler reaction.
3solated yeld after purification by reverse phase HPL°Oetermined by chiral HPLC.

The mo di f i e dmorophesphated34289 mediated the Pictebpengler

reaction to generate the THIQ prod@30 in isolated yields between &9% (Table

6.2). The enantiomeric excess of prodR80 for these reactionwas between-84%,

with (1R)-230 as the predominant configuration. These were slightly higher than the
stereoselectivity i nducendnofhgsphatd (6% eenfabdedi f i ed a
6.1). Sterics appeared to have little effect on the stereosedlectikor example, the-8

phenytAMP analogue35and the 8naphthyfAMP analogue236gave rise t@ similar

enantiomeric excess dhe product230 (Table 6.2, entries-3). Gomparing AMP

derivatives237, 238 and239(Table 6.2, entries-8) showed that thelectron donating
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or electron withdrawing substituent attached to the phenyl ring at-8y@d3itionalso
had little effect on the stereoselectivity.

Overall t he mo-tonfphosptiatea dideinducas a small stBréoselectivity
in the phosphate ediated PicteSpengler reaction between dopamida®l1l and
phenylacetaldehyd&99. Although the enantiomeric excess values of the pro2s@t
were too small to make the reaction useful, it was still interesting that only the purine
5 -@nonophosphate nucledes were able to induce this stereoselectivity for tHe-(1
stereoisomerlt may be possible to increase the stereoselectivity in future investigations
by exploring thereaction conditionssuch aghe effects of temperature, reaction time
and the amouraf nucleotide added to the reaction.

6.3 BINOL phosphaic acids

BINOL-derived phosphoric acids are a versatile class of organocatalysts for asymmetric
reactions and have been used ithe PictetSpengler reactiout only under strictly
anhydrous coditions (section 3.3.5).The phosphoric acid R)-TRIP (Figure 6.4) has
successfully been utilised as an asymmetric catalyst in agueous media for the
enantioselective hydrogenation of quinolines (section 3.4). A structurally simpler
analogue of R)-TRIP, was compound40 (Figure 6.4) which was screened in the
phosphate nated PictetSpengler reactiom order to determine if BINOL phosphoric
acids were able to promote the reaction. Phosphoric2&ldvas selected because it
was readily available, wheas R)-TRIP was expensive from commercial sources or

would have required a multistep synthesis.

Figure 6.4.Structure of BINOLderived phosphoric acids
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The PictetSpengler reaction waaitially performed using a 1:1 imture of an aqueous
solution of phosphoric aci(5)-240(0.1 M, pH 6) and acetonitrileTable 6.3, entry 1)

After 30 hoursthe crude product was purified by reverse phase HReGeratinghe

THIQ 230in 33% isolated yield A problem that was encoungéer when carrying out

the reaction was that phosphoric a¢®+240was not completely soluble in water, and
the accurate preparation of the 0.1 M solution at pH 6 was difficult. It was encouraging
however that the THIQ produ2B80was isolated from the agetion.

Hom j\@ (S)-240 (0.1 M, pH 6)
+
NHz co-solvent, 50 °C

HO
101.HCI (1 eq) 199 (1.2 eq) 230.TFA
Entry Ag. phosphoric acid((S-240)/ Time (h) Yield (%)
co-solvent, ratio
1 (9-240acetonitrile, 1:1 30 33
2 (9-240(no casolvent) 4 0
3 (9-24Qacetonitrile, 2:1 4 0
4 (9-24Qacetonitrile, 1:1 4 0
5 (9-24Qacetonitrile, 1:2 4 0
6 (9-240methanol, 2:1 4 0
7 (9-240methanol, 1:1 4 0
8 (9-240methanol, 1:2 4 0
9 (9-240DMF, 2:1 4 0
10 (9-240DMF, 1:1 4 0
11 (9-240DMF, 1:2 4 0

Table 6.3. Screening BINOLderived phosphoric aci)-240in thebiomimetic PictetSpengler reaction.
4 solated yield after reverse phase HPLC.

A number of reactions were next carried out in parallel (Table 6.3, enttigks 2As the
solubility of phosphoric acidS)-240 was a problem, the esolvent was investigated
including acetonitrile, methanol and DMF, which have previously been shown to result
in high conversions when used in the biomimetic PiSengler reactiotf> The

reactions were carried out for 4 houtise(same length of time as previously used when
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investigating the stereoselectivity of the sugar phosphate mediators), with the aim of
isolating theTHIQ product230and analysing thenantiomeric excess. However, ati
of the reactions none of the deslirproduct230was isolated. This suggested that the

reactions required a longer reaction time for conversion to T28@o be achieved.

The BINOL phosphoric acidj-240was not effective at promoting the Pic&pengler
reaction and therefore was novéstigated further during this project.
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7. Conclusionsand future work

A series of isubstiuted THIQs were synthesiseaid theirantimycobacterigbroperties
evaluated againstM. aurum Most of the Z1substituted THIQs displayed
antimycdacterial activity but also exhibited high cytotoxicitiesStructure advity
relationships(regarding the compounds ability to inhibit the growthhf aurun)
revealed that THIQs featuring anh§droxy substitution were generally more potent
inhibitors than THIQs without this group. This included compounds with a &#8
7,8-dihydroxy substitution. The addition of a bromine substituent at tBepGsition

also increased the potency of the compounds, consistent with results from previous
studies:’® The 5bromo-8-hydroxyTHIQ 162 (Figure 7.1)which had al-pentyl chain

was identified as the most compound of the series (MIC =|8fr8L).

Structure activity relationships regardiMy aurumefflux pump inhbition showed that
most of the THIQs with a 7;8ihydroxy substitutiordisplayedefflux pump inhibitory
activity, whereaghe 6,7-dihydroxyTHIQs did not Among the THIQs showing efflux
pump inhibitory activity, some also slowed synergistic activity whemused in
combination with current anfiB drugs. In particular, THIQ162 was verypromising
as a synergistic drugnd enhanced the activity of all three filisie anttTB drugs tested
(isoniazid, rifampicin ad ethambutol) THIQs 142b, 146¢ 142cand 91 (Figure 7.1)
also displayed synergistic activitwhen usedin combination with rifampicin or
ethambutol at a low concentration of u@/mL. These preliminary studies highlight
the potential of the THIQ scaffold as a novel class of mycobacterial efflaxp pu

inhibitors, and provide a good starting point for further exploration of these compounds.

HO HO HO
OH OH OH
142b 146¢c Br 142c

O NH
OH 0
OH >
162 91 g

Figure 7.1.Structures of promising antimycobacterial THIQ compounds.
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The phosphate mediated Pieftengler reactiorwas an eftient method forthe
preparation of thd-substitutedTHIQs. The scope of thiseactionwas extended to the
preparation of THIQs with -substituentontainng an ester functional group, which
could be further cyclised to form a tricyclic structure tlglowa second intramolecular
lactamisation reactionThe phosphate mediated Piegengler reaction was also used
to preparea series of novel -ihembered ring THBPs. Clsation to generate-7
membered rings was more difficult thayclisation to formthe 6-membered ring
THIQs, and the substrate scope was limitedpteenylpropylaminge with a highly
activated ring (3,3lihydroxy substitution) Finally it was demonstrated that chiral
single isomer sugar phosphates promoted the phosphate mediatedSpartdgr
reaction for the preparation ofldenzytTHIQs. A study into the stereoselectivity of
these reactions demonstrated that generally the sugar phosphates did not induce
stereoselectivity. bwever purine nucleotides were able to induce a very small

steresdectivity, with the enantiomeric excess of the product THIQ betwebf%

Evaluation of the synthesised-nfembered ring THBPs and profen analogues as
potential aniTB compounds is ongoing. Future antimycobacterial testing should also
include screeing the most active THIQs such as compoub8? against M.
tuberculosis as currently the compounds have only been screened alyhiastum.
FutureMedicinal Chemistrystudies could focus on further SAR basedund the THIQ
structure including functionlisation of aromatic ring substituents. For example,
hydroxy substituents at either the6Cr G8 position could be converted to the triflate

to enable Suzuki cross couplingactions to be performed with a range of commercially

available boronic acidScheme 7.13%

HO X 1,0 Ro ™
N N - LN
“pg Pd(0), base PG

R4 R>—BX; R4

Scheme 7.1Functionalisation of THIQs via a Suzuki cross coupling reacB& = protecting group.

Also, &hydroxyTHIQs could be further functionalised with various groups at tfe C

position parato the phenol hydroxy group), such as the introduction of an acyl group
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via a triflic anhydride mediategara acylation reaction (Scheme 735. The
antimycobacterial properties of these compounds could then be compared to the 5
bromo-8-hydroxyTHIQ 162

N\ —_ N\
pg Re7COH PG
OH R4 OH Ry
R, = Ph or aliphatic group

Scheme 7.2Functionalisation of THIQs via a triflic anhydride mediated acylatifis.= protecting
group.
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8. Experimental

8.1 General experimental

All reagents and solventsere purchasedrom SigmaAldrich, Alfa Aesar, Acros and
Fisher scientific and were used as provided unless otherwise indicated
Dichloromethane, THF, diethyl ether and toluene were obtained from an anhydrous
solvent system providing high quality, oxygen free solvenistroPrefers to peoleum

ether (4060 °C fraction). For noraqueous chemistry, reactions were carried out in
ovendried glassware under a nitrogen or argon atmosphere unless otherwise indicated.
Thin layer chromatography (TL)Gwvas carried out usiniylachereyNagel Polygrarf

silica 60 polyester sheets, 0.2 mm layer thickness;shiNdicator, 40 x 80 mm plate

size. TLCplates were visualised und&fV or stained witha potassium permanganate
solution. Flash column chromatography vpesformed usindvierck silica gel 60, 40

63 um as the stationary phase.

'H and**C NMR spectra were obtainemsingeithera Bruker AMX300Q Bruker Avance
400,Bruker Avance 500 0Br uker Avance 600 spectromet e
quoted in parts per million (ppm) relative to residual solvent peaks, CHICINMR U

7.26 and*C NMR Ui 77.2) and CEOD (*H NMR 11 3.31 and"*C NMR i 49.0), using

the following abbreviations: s =rgjlet, d = doublet, t = triplet, q = quartet, m =
multiplet, br = broad. The coupling constanis\Were measured in Hertz (Hz). Where
appropriate, COSY HMQC and HMBC experiments were carried out to aid assignment.
The numbering systesnused for assigng NMR spectra for THIQ THBP and

nucleotide structures wees follows:

Melting points were determined usitige Stuart Scientific SMP11 analogue ajpatus

and are uncorrectedinfra-red spectra were obtained using akifeElmer $ectrum
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100 FFIR spectrometer or a Therm&cientific Nicolet 6700 FAIR spectrometer.
Optical rotations wereleterminedusing a PerkirElmer 343 polarimeterand wnits for
specific rotation are Iddeg cni g*. Mass spectra were obtained igsgither aFisons
VG70-SE, a Thermo Finnigan MAT 900XP, or a Waters LCT Premier XE
spectrometer.The pH meter used was a Mettleoledo model MP225.

Mass Directed AutoPreparative HPLC (MDAPMDAP was conducted on @unfire
C18 column (150 mm length x 30 mm i.d, 5 nm packing diametgrat ambient
temperaturgeluting with solvents A/BA: 0.1% v/v solution otrifluoroacetic acidin
water, B: 0.1% v/v solution dfifluoroacetic acidin acetonitrilg, according to one of
the following gradients. Gradie®t: 5-30% B in A. Gradient B: 55% B in A.
Gradient C: 3885% B in A. Gradient D: 5@9% B in A. The flow rate was 40
mL/min. The run time was 20 min unless otherwise stafBte UV detection was a
summed/averaged signal from wavelength of 210860 nm. The mass spectra were

recorded using positive mode electrospray ionisation.

Preparative HPLCMethod 1 HPLC was conducted on a Varian ProstarDionex
instrument equipped with a UVisible detector, using Bhenomenexdnyx Monolithic
semiprep C18 column (100mm lengthx 10 mmi.d.) at room temperature, eluting with
solvents A/B A: 0.1% v/v solution of trifluoroacetic acid in water, B: 0.1% v/v solution
of trifluoroacetic acid in acetonitrile). The gradient employed 5v48% B in A The
runtime was 20 min and the flow rate was 8 mL/min unless otherwise statedUV

detection wast wavelength 280 nm and 254 nm.

Preparative HPLC Mthod 2 HPLC wasconducted on a Varian Prostar Dionex
instrument equipped with a UVisible detector, usg an Acentis C18column(150mm
lengthx 21.2 mm i.d., 5um) at room temperature, eluting with solvents A/B 0.1%

v/v solution of trifluoroacetic acid in water, B: 0.1% v/v solution of trifluoroacetic acid
in acetonitrile), according to one of the dling gradients. Gradient A-55% B in A,
Gradient B:5-20% B in A, Gradient C 5-30% B in A, Gradient D: 10-15% B in A,
Gradient E:10-25% B in A,Gradient F:15% B in A. The run time was 40 min and the
flow rate was 7 mL/min unless otherwise statddhe UV detection waat wavelength
280 nm and 254 nm.
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Preparative HPLC Mthod3: HPLC was conducted on a Vari@mostarinstrument
equipped with a UWisible detector, using &upelcoDiscovery Bio Wide Por&18
column (250 mm lengthx 21.1 mmi.d., 10 ym) at room temperature, eluting with
solvents A/B (A: 0.05 M triethylammonium bicarbonate buffeB: acetonitrile),
according to one of the following gradients. Gradient A506 B in A Gradient B: 0

25% B in A Gradient C: 830% B in A,Gradient D: 860%B in A, Gradient E: €8%

B in A. The flow rate was 8 mL/min. The run time was 25 min unless otherwise stated.
The UV detection waat wavelength 254mand 214nm.

Analytical chiral HPLC Chiral HPLC analysis was performed on a Varian Prostar
instrument equipped with an autosampler and a-W$ible detector, using a Supelco
Astec Chirobiotic T2 column (250 mm length x 4.6 mm i.dond packing diameterat
ambient temperatuyesluting with an isocratic mobile phase of methanol (Oalcdétic

acid 0.2%triethylaming. The flow rate was 1 mL/minThe injection volume wa$0

buL. The run time was 40 min. Compounds were detected by UV absorbance at

wavelength 230 nm.

LC-MS UPLC analysis was performed using a Waters Acquity URLE system,

using a Zorba SB-C18 column (2.1 x 2.0 mnad., 1.8 um packing diameter), eluting

with solvents A/B (A: 0.1% v/v solution of formic acid in water, B: 0.1% v/v solution of
formic acid in acetonitrile). The flow rate was 1 mL/min, and the gradient employed
was: 0 min A: 100%, B: 0%), 4 min (A: 5%, B: 95%), 4.5 min (A: 5%, B: 95%), 5.0

min (A: 100%, B: 0%). The UV detection was at wavelength 254 nm. The mass
spectra were recorded on a single quadrupole (SQD) mass spectrometer using positive

ion electrospray ionisatiomode.

8.2(9)-1-(2-(Hydroxymethyl)indolin -1-yl)ethan-1-one ((S)-23)*°

Qj;
2
N OH

N

o)
The title compound was preparefllowing a literature proceduf®@ Lithium

borohydride (46.8ng, 2.15mmol) was added portionwise to a stirred solutionSpi25
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(254 mg, 1.16 mmol) in THF (BL) at 0°C and stirred at rt for 7 h. The reactinas
guenched byaddition of 10%HCI and extractedvith EtOAc (3 x 15 mL). The
combined organic extracts were washed wgiih NaCO;s, brine, dried Na&S(Oy), and
solvent removedin vacuo to give a yellowoil, which was purified ¥ column
chromatography (EtOAc/hexanz:1) to affordthe alcohol §)-23as a palédrownsolid
(111 mg, 50%)as a mixture of amide rotamers (ICDCk). R;0.19 (EtOAc/lexane,
2:1); mp. 99100°C; [a]p®-50. 3 ( ¢ 0 .4859Q MHE tCDEY))8;186.94i
(4H, m, 4 x Ar-H), 4.97-4.40(1H, m, 2-CH), 3.753.50(2H, m, (H,0), 3.352.57 (2H,
m, 3-CHy), 250-2.25 (H, m, CHz); mz (Cl) 192 (M + H]*, 100%; HRMS
C11H1402N, calcd 192.1025, found 192.1028

8.3 Methyl (9)-1-acetylindoline-2-carboxylate ((S)-25)*°

3
N N©
/§O O

The title compound was prepareding a modified version af literature procedur®

~

Thionyl chloride 4 mL, 54.8 mmol) was added dropwise to a stirred solution3)f (
indoline-2-carboxylic acid (3.01 g, 18.4 mmol) in methanol (8&) at 0°C. The
solution was stirrecat rt for 1 h and heated at reflux for B. The miture was
concentratedn vacuoto a brown residuewhich was washed with methanol (3 x 35
mL) and after each methanol additiconcentratedn vacuoto remove residual thionyl
chlorideto give the intermediate meth{®)-indoline2-carboxyate hydrochlorié as a
brown solid (4.37 g) which wathendissolved in THF (30 mL) and DMAP (244 mg,
1.99 mmol) and triethylamine (10 mL, 71nimol) were added After 30 min, acetic
anhydride (4.30 mL, 45.5nmol) was added to the reaction mixture &CQand stirred
atrt for 20min, then heated at reflux fortb The mixture was diluted with water (100
mL) and extracted witiEtOAc (3 x 50 mL). The combined organic extracts were
washed withl M HCI (2 x 50 mL), sat. N&Os (2 x 50 mL), brine (50 mL),passed
through ahydrophobic fritand solvent removei vacuoto give the productg)-25as a
brown solid (3.68 g, 91% as a mixture of amide rotamers (1.2:1 in CHCIR; 0.37
(hexane/EtOAc, 1:1) mp. 7577°C; [a]p®-115.6 (c 0.90, EtOH), fit®[a]o?®-48.0 (c
0.80, CHCB) ; n (50@i MHz; CDC}) 8.237.14 (3H, m, 3 X Ar-H), 7.02 (1H,tJ=7.0
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Hz, Ar-H), 5.164.91 (1H, m,2-CH), 3.763.73 (3H, m, @Hs), 3.623.10 (H, m, 3-
CH.), 2.482.17 (3H,m, COCHs); Uc (125 MHz; CDCk) 174.6 CO,CHs), 171.7 and
171.3 COCHs), 145.4 and 144.1 (A€), 133.6 and 131.2 (AE), 130.8 and 130.6 (Ar
CH), 128.5 and 127.0 and 126.8 and 126.2 (2-CAi), 120.2 and 116.6 (AEH), 64.2
and 63.0 (2XCH), 55.8 and 55.3 (OH3), 364 and 34.3 (XLHy), 27.3 and 26.5
(COCHa3); m/z(CI) 220 (M + H]*, 100%9; HRMS G:H1403N, calcd 220.0974, found
220.0965

8.4 (S)-1-(2-(Hydroxy methyl)pyrrolidin -1-yl)ethan-1-one ((9-26)>3

3
5 2

SN

o)
Lithium borohydride 760 mg, 34.9 mmol) vas added portionwise to a stirred solution
of (9-28(3.78 g, 22.1 mmol) i”-MeTHF (38 mL) at @C and stirred at 6C for 20 h.
The reactiorwas quenched bgddition ofl M HCI, then line (40 mL) and extracted
with CH,Cl, (2 x 50 mL). The aqueous @ewas adjusted to pH 11 by additiongat.
NaCO;s, thenextracted with CHCI, (2 x 50 mL). @mbined organic extracts were
washed with sat. N&Os;, brine, passed through a hydrophobic, fidnd solvent
removedin vacuoto give a yellowoil, which was pufied by column chromatography
(EtOACICH30H, 95:5) to affordhealcohol §)-26as a pale yellow oil (1.73 g, 55%@s
a mixture of amide rotamers (16:1 in CRCIR; 0.14 (EtOAc/CHOH, 95:5) [a]p® -
61.0 (c 0.90, EtOH), " [a]p -69.5 (c 1.07, EtOH) Ui (500 MHz; CDC}) 4.65 (1H,
br s, H), 4.2%4.14 (1H, m, 2CH), 3.63 (1H, ddJ = 11.0and 3.0 Hz, GHHO), 3.56
(1H, dd,J = 11.0 and8.0 Hz, CHHO), 3.533.43 (2H, m, 5CH), 2.08 (3H, s, E3),
2.061.98 (1H, m, 3CHH), 1.981.81 (2H, m, 4CH,), 1.631.55(1H, m, 3CHH); Uc
(125 MHz; CDC$) major amiderotamer, 172.1GOCHs), 67.4 CH,0), 61.2 (2CH),
49.1 (5CH,), 28.5 (3CH,), 24.4 (4CH,), 23.0 CH3); mVz (CI) 144 (M + H]", 100%);
HRMS GH140;N, calcd144.10%, found 144.1022
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8.5 Methyl acetyl-(S)-prolinate ((9-28)**

A, ©
Thionyl chloride (9.50 mL, 130 mmol) was added dropwise to a stirred solutid)-of (
proline (5.08 g, 44.1 mmol) imethanol (50 mL) at 8C. The slution was stirredht rt
for 1 handheated at reflux for 3 h. The mixture was concentrategicuoto give a
yellow oil, which was washed with methanol (3 x 20 mindaafter each methanol
addition concentratedin vacuo to remove residual thionyl chlaie, to yield the
intermediate methyl9)-prolinate hydrochloridasa yellow 0il(8.09 g) which wasthen
dissolvedin THF (60 mL) and DMAP (500 mg, 4.09 mmol)and triethylamine (25.0
mL, 179 mmol)were addedAfter 30 min,acetic anhydride (11.5 mL, 128mol) was
added to the reaction mixture af®, which wasstirred at rt for 10 min, then heated at
reflux for 3 h. The mixture was diluted with brine (130 mL) and extracted witf{CGH
(3 x50 mL). The combined organic extracts were washed with brthen(§, passed
through a hydrophobic frit, ansblvent removedn vacuoto give ayellow oil, which
was purified by colum chromatography (EtOAc) to yield the prod(g}-28 as apale
yellow oil (7.06 g, 93%), as a mixture of amide rotamers (4:1 in @DPublished
data assigns the major rotamer as the one with the acetamide carbonyl pointing towards
the esterttans).’*® R; 0.31 (EtOAc) [a]p*°-93.4 (c 0.88, EtOH)it**°[a]p?*1101.7 (c
1.00, EtOH); Uy (500 MHz; CDC4) 4.484.33 (1H, m, 2CH), 3.743.70 (3H, m,
OCHa), 3.663.44 (2H, m, 5CH,), 2.3%2.01 (2H, m, 3CH>), 2.07%1.85 (54, m, 4CH,,
COCHs3); Uc (125 MHz; CDC}) 173.0 and 172.750,CHg), 169.7 and 169.500CHg),
60.2 and 58.52-CH), 52.6 ad 52.3 OCHj3), 47.8 and 46.45%CH,), 31.5 and 29.53%
CH,), 24.8 and 22.94CH,), 22.3 (CGCH3); m/z (El) 171 M, 22%), 112 (" -
CO,CHjs, 100%; HRMS GH1303N, calcd 171.080, found 171.0883

8.6 Methyl acetyl-(R)-prolinate ((R)-28)>
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The title compound was prepared according to tloequiure described in sectiorb8
from (R)-proline (2.51 g, 21.8 mmal) The crude product was purified by column
chromatography (EtOAc) ot yield [R)-28 as an orange oil (3.49 g, 93%).
Characterisation data was identical to that328 except g]p>> +80.5 (c 0.96, EtOH).

8.7 9)-1-(2-(Chloromethyl)pyrrolidin -1-yl)ethan-1-one (30)>3 and (S)-(1-
tosylpyrrolidin -2-yl)methyl acetate(31).

7 |
A SO o
O 30 o 3

Compounds30 and 31 were isolated as side products from an attempted tosylation
reaction. Tosyl chloride6R0 mg, 3.25 mmol) was added portionwise to tared
solution ofalcohol (9-26 (356 mg, 2.49 mmol) and anhydrous pyridine (1.0 mL, 12.4
mmol) in CHCl, (5 mL) at 0°C. Thereaction mixture was stirred at rt for 20 h, then
diluted with CHCI, (5 mL) andwashed withwater, 1 M HC| sat. NaCOs; and brine
passed through lydrophobic frit,and solvent removeth vacuoto give amixture of
products as abright vyellow-orange oil, which were separated bylwnn
chromatography (EtOAc)The first product eluted wabke N-tosyl product3l as a pale
yellow oil (52.0 mg, %). R;0.91 (EtOAc); m.p. 5354 °C; gma/cmi® (KBr, CDCls
cast) 2986, 2971, 2886, 1741600; Uy (500 MHz; CDC}) 7.72 (2H, dJ = 8.0 Hz, 2 x
6-Ar-H), 7.31 (2H, d,J = 8.0 Hz, 2 x7-Ar-H), 4.19 (1H, ddJ = 11.0and 5.0 Hz,
CHHO), 4.10 (1H, ddJ = 11.0 and7.0 Hz, CHHO), 3.903.84 (1H, m,2-CH), 3.46
3.40 (1H, m,5-CHH), 3.193.12 (1H, m,5-CHH), 2.42 (3H, s, AICH3), 2.06 (3H, s,
COCHj3), 1.891.78 (1H, m4-CHH), 1.741.66 (1H, m,3-CHH), 1.641.53 (2H, m4-
CHH, 3-CHH) ; ¢ (12%1MHz; CDC}) 170.9 COCHg), 143.7 (ArC), 134.5 (ArQC),
129.9 (2 x #Ar-CH), 127.7 (2 x Ar-CH), 66.3 CH;0), 57.9 (2CH), 49.2 (5CH,),
28.7 (3CH,), 24.0 (4CH,), 21.6 (ArCH3), 21.0 (CQCH3); m/z (ClI) 298 (M + H]",
100%; HRMS G4H»004NS, cdcd 298.1113, found 298.181 The ®cond poduct
eluted wasthe chloride product 30 as a pale yellow 0i(181 mg, 45%). R; 0.23
(EtOAC); Uy (300 MHz; CDC}) 4.354.24 (1H, m,2-CH), 3.783.60 (2H, m, Ei.Cl),
3.553.38 (2H, m,5-CH>), 2.06 (3H, sCHj3), 2.061.80 (4H, m,3-CH,, 4-CH,); m/z
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(El) 161 (*°ChM*, 15%), 112 (M" - CH.CI, 100%; HRMS GH31,ON**Cl, calcd
161.0602found 161.0604

8.8 (§)-1-(2-(Bromomethyl)pyrrolidin -1-yl)ethan-1-one(33)

3
5 2
<NjVBr

A

0
Thionyl bromide (0.300 mL, 3.87 mmol) was added dropwise to a stirred solution of
alcohol ©§-26 (212mg, 1.48 mmol) in CkCl, (10 mL) at 0°C. The reaction miture
was stirred at rt for 22 h, therconcentrated to give a bright orange salilich was
dissolved in ethyl acetate (25 mL). The mixture was filtered to remove the precipitate.
The solvent was removed vacuoand the resultingrange oil was purifiethy column
chromatography (EtOAC) to yielthe bromide33 as a yellow oil (29.3 mg, 10%), as a
mixture ofamide rotamers (5:1 in CD§l R 0.40 (EtOAc) Uy (500 MHz; CDCY)
major rotamer4.31-4.26 (1H, m,2-CH), 3.63 (1H, ddJ = 9.5and 3.0 Hz, GHHBr),
3.55 (1H, dd,J = 9.5and 8.0 Hz, CHHBr), 3.47 (2H, m,5-CH,), 2.06 (3H, s, E3),
2.051.84 (4H, m,3-CH,, 4CH,); Uc (125 MHz; CDC}) major rotamer,170.0
(COCHg), 57.5 @-CH), 48.7 &CH,), 34.5 CHBr), 29.0 CH,), 24.0 CH,), 23.0
(CH3); m/z (CI) 208 ((®*BNM + H]*, 15%), 206 (("°Br)M + H]*, 15%); HRMS
C;H1s0N"Br, calcd 206.020, found 206.0185 The bromide33 was unstable and
rearranged to the acetaBd (pyrrolidin-2-ylmethyl actate) at room temperature as
observed byH-NMR spectroscopyvith the appearance of signals consistent with those

reported in the literatur®

8.9tert-Butyl (S)-2-(hydroxymethyl)pyrrolidine -1-carboxylate ((S-35)°’

43

><OiEZVOH

The title compound was preparefbllowing a literature procedur®. Borane
tetrahydrofuran complex (1 M, 38.0 mL, 38.0 mmol) was added dropwise to a solution
of (9-37(4.01 g,18.6 mmol) in THF (30 mL) at 8C. The solution was stirred at’C
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for 2 h, therrt for 1.5 h. The reaction mixture was cooled in an ice bath aadwatkr
(70 mL) was added The aqueous phase was extracted with Et@Ada the oganic
extracts were waed with brine sat. NaHCQ and water, dried (N&OQy) and solvent
removedin vacuoto give a yellow oil which was purified by column chromatography
(hexane/EOAC, 3:2) to yield theroduct §-35 as awhite solid(3.16 g, 84%).R; 0.43
(EtOAc/hexane, 2:3) m.p. 5455 °C (lit>® 5859 °C, EtOAQ); [a]p® -43.8 (c 1.00,
CHCH), lit>" [a]p -47.3 (c 1.00, CHG) ; u (50 MHz; CDC}k) 4.73 (1H, br sOH),
3.983.91 (1H, m, 2-CH), 3.653.54 (2H, m, &1,0), 3.473.27 (2H, m, 5-CH,), 2.03
1.96 (1H, m;3-CHH), 1.851.75 (2H, m4-CH,), 1.551.50 (1H, m3-CHH), 1.46 (9H,
s, C(MHs3)3); Uc (125MHz; CDCk) 157.3 CO,'Bu), 80.4 C(CHs)3), 67.9 CH,0), 60.3
(2-CH), 47.7 6-CH,), 28.8 3-CH.), 28.6 (CCHa)s), 24.2 @-CH,); m/z(Cl) 202 (M +
H]*, 100%9; HRMS GioH200sN, calcd 202.1443, found 202.1314

8.10tert-Butyl (R)-2-(hydroxymethyl)pyrrolidine -1-carboxylate ((R)-35)°*

(. or
A1

o)
The title compound was prepared according to the procedure described in 8e&xtion
from (R)-37 (3.99 g, 18.5mmol). The crude product was purified by column
chromatogrphy (hexand#tOAc, 3:2) to yield the produ¢R)-35 as white crystals (3.29
g, 88%). M.p. 535 °C (lit** 59-60°C, hexang NMR and MSdata identical to that of

(9-35.

8.11 (tert-Butoxycarbonyl)-(S)-proline ((9-37)°’

Ly

@)
o

The title compound 9-37 was preparedfollowing a literature procedur®.
Triethylamine (9.40 mL, 67.4 mmolyas added to a mixture df¢proline (6.43 g, 55.8
mmol) in CHCl, (130 mL) at °C. Boc anhydride (15.7 g, 71.9 mmol) in &H (6.5

mL) was added to the reaction mixture over 10 min %,0and stirred for 3 h at .
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The reaction was quenched bydang satiratedaq. citric acid (35 mL) and the organic
phase washed with brinedried (NaSQy) and solvent removeth vacuo The crude
product was dissolved in hot EtOAc, followed by addition of hexane (300 mL). The
crystallised product was collected biration to yield §)-37 as white crystal$9.58 g,
80%), as a mixture of amide rotamers (55:45 in GRQW.p. 129131°C (lit>” 135-137
°C, EtOAc/hexang [a]p?®-89.1 (c 1.00, CHG) lit***[a]p®® -92.0(c 110, CHC); Uy
(500 MHz; CDC}) 7.35(1H, br s,0H), 4.404.20 (1H, m2-CH), 3.60-3.30 (2H, m5-
CH,), 2.362.00 (2H, m, 3-CH,), 1.991.81 (2H, m, 4-CH.), 1.531.36 (9H, m,
C(CHs)3); Uc (125 MHz; CDC}) 178.8 and 175.000;H), 156.6 and 154.000,'Bu),
81.5 and 80.4C(CHs)s), 59.2 and 59.02CH), 47.1 and 46.45%CH,), 30.9 and 28.6
(3-CH,), 28.5 and 28.3 (@Hs)s), 24.4 and 23.74CH,); mvz (Cl) 216 (M + H]",
5%), 114 (M + H]" - CsH1002, 100%); HRMS GH1s04N, calcd 216.1236, found
216.1233

8.12(tert-Butoxycarbonyl)-(R)-proline ((R)-37)%%

{J.. o
ST

The title compound was prepared according to the procedure described in section 8.11,
from (R)-proline (3.02 g, 26.2 mmal) The crude prodct was purified by
recrystalligtion (EtOAc/heane) to yield the producR}-37 as white crystals (4.34 g,
77%). Characterisation data was identical to that37 except a]p* +88.0 (c 1.00,
CHCL), lit**?*[a]p* +66.5 (c 7.29, CHG).

8.13tert-Butyl (S)-2-((tosyloxy)methyl)pyrrolidine -1-carboxylate ((9-38)°’

N

17N,

Tosyl chlorice 412mg, 2.16 mmol) wasdded portionwise to solution of(S)-35 (344
mg, 1.71mmol) in CH.Cl; (3.5 mL) and anhydrous pyridine (0.80 mL) af@ The

solution was stirré at rt for 17 h after which time @recipitateformed The solution
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was diluted with CHCL (5 mL), washed with wate0.5 M HC| and brine, dried
(N&SOy) and solvent removeth vacuoto give a yellow ol, which was purified by
column chromatography (hexane/EtOAc, 4:1yitld the tosylatdS)-38 as a colourless
oil (478 mg, 79%). R; 0.38 (hexane/EtOAc, 3:1)iy (500 MHz; CDC}) broadening of
signals due to amide rotamevs/7 (2H, dJ = 8.0 Hz, 2 x AfrH), 7.33 (2H, dJ=8.0
Hz, 2 x ArH), 4.183.78 (3H, m, 2CH, CH-0), 3.403.18 (2H, m, 5CH,), 2.48 (3H, s,
Ar-CHs), 2.021.69 (4H, m, 3CH>, 4-CH>), 1.37 (H, s,C(CHz)3); m/z(ES) 378 (M +
Na]", 100%9; HRMS G/H»s0sNSNa, calcd 378.135%found 378.1361

8.14tert-Butyl (S)-2-(((methylsulfonyl)oxy)methyl)pyrrolidine -1-carboxylate ((S)-
39)65

4 3
NN
o, ©°

Triethylamine (3.20 mL, 23.0 mmol) followed by methanesulfonyl chloride (1.30 mL,
16.8 mmol) were added dropwise to a solutiothefalcoholS)-35 (3.00 g, 14.9 mmol)
in CH,Cl> (35 mL) at 0°C and stirred at 8C for 1 h andt for 1 h,after which time a
precipitate had formed. The reaction mixture was diluted withGBH40 mL), washed
with sat. NaHCQ@ (2 x 40 mL) and brine (2 x 40 mL), dried (&) and solvent
removedin vacuoto yieldthe mesylateS)-39 as a yellow oil (4.17 gl00% crudeps a
mixture of amide rotamersyhich was used without further purificationR; 0.40
(EtOAc/hexane, 2:3)[a]p® -51.9 (c 1.00, CHG); Uy (500 MHz; CDC}) broadening
of signals due to amide rotameds37-3.91 (3H, m2-CH, CH,0), 3.4%3.25 (2H, m5-
CHy), 3.00 (3H, s, 8Hg3), 2.161.76 (4H, m3-CHy, 4-CH,), 1.45 (9H, s, C(83)3); Uc
(125 MHz; CDC}) 154.7and154.2 CO,'Bu), 80.3 and79.9 (C(CHs)s), 69.8 and69.5
(CH,0), 55.8 p-CH), 47.1and46.7 6-CH,), 37.5and37.0 (CHs), 28.7and27.9 @-
CH,), 28.5 (CCHs)3), 23.8and23.0 @-CH,); m/z(Cl) 280 (M + H]", 85%), 224 [M
+ H]" - C4Hg, 100%9, 180 (M + H]" - CsHgO,, 80%); HRMS GH»,0sNS, calcd
280.1219, found 280.1212
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8.15tert-Butyl (R)-(((methylsulfonyl)oxy)methyl)pyrrolidine -1-carboxylate ((R)-

39
>< Q"'//Ojs\/
L 7%

0" o
The title compound was prepared accordinghe procedure described in sectiaf43
from (R)-35(3.23 g, 16.0mmol). The crude produciR)-39 was isolated as a yellow oil

(4.68 g, 100% crude) and used without further purification. NMR anddmt8 was
identical to that of$)-39.

8.16 tert-Butyl (S)-2-((4-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-
yl)phenoxy)methyl) pyrrolidin e-1-carboxylate ((S)-41)%%

4
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To a solution of 4hydroxyphenylboronic acid pinacobkter (411 mg, 1.87 mmol) in
DMF (2.5 mL) with molecular siees, was addedBuOK (300 mg, 2.67 mmol)
portionwise at rt, and stirred for 40 min. A solution of mesyl§e30 (347 mg, 1.24
mmol) inDMF (2.5 mL) was added dropwise ahéated at 75C for 6 h. The resulting
dark brown mixture was diluted with EtOA€5 mL) and water (25 mL). The aqueous
phase was extracted with EtOAc (2 x 20 mL). The combined organic extracts were
washed with water (4 x 20 mL),M NaOH (3 x 15 mL), brine (15 mLpassed through
a hydrophobic frit,and solvent removedh vacuoto give an orange oil, which was
purified by column chromatograplfpetrol/EtOAc, 9:1) to yieldhe boronic ester -

41 as a yellow oil 231 mg, 46%). R; 0.40 (fexane/EtOAc, 4:1);[a]p®°-35.1 (c 0.70,
CHCL); Uy (500 MHz; CDC}) broadening/splitting of ghals due to amide rotamers
7.73 (2H, dJ = 8.0 Hz, 2 x 7Ar-H), 6.91 (2H, dJ = 8.0 Hz, 2 x €Ar-H), 4.233.73
(3H, m, 2CH, CH»0), 3.503.26 (2H, m, 5CH>), 2.131.80 (4H, m, 3CH», 4-CH,),
1.47 (9H, s, C(Bs)3), 1.33 (12H, s, 2 x C(Es)2); Uc (125 MHz; CDCE) 161.4 (Ar
CO0), 154.6 CO,'Bu), 136.6 (2 x 7Ar-CH), 120.7 (ArC), 114.0 (2 x 6Ar-CH), 83.6 (2

X C(CHg),), 79.8 and 79.4G(CHs)3), 68.0 CH,0), 56.2 and 55.8 (ZH), 47.0 and 46.6
(5-CHy), 28.6 (CCH3)3), 28.1 (3CHy>), 24.9 (2 x CCH3)2), 24.0and 22.9 (4CH,); m/z
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(E|) 403 N+, 5%), 114 (M - C4Hg 1 C13H18038, 100%) HRMS szH3405NB, calcd
403.2525, found 403.2528

8.17 tert-Butyl (R)-2-((4-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-
yl)phenoxy)methyl) pyrrolidin e-1-carboxylate ((R)-41)%°®

The title compound was prepared according to the procedure described in section 8.16,
from mesylate R)-39 (809 mg, 2.90 mmol). The crude product was purified by column
chromatography (hexane/EtOAc, 9:1) yeeld the product(R)-41 as a pale yellow oil

(644 mg, 55%). NMR and MS datas identical to that of§-41.

8.18 tert-Butyl (S)-2-((4-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-
yl)phenoxy)methyl) indoline-1-carboxylate ((S)-46)

5 4
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The title compound was prepared according to the procedure described in section 8.16,
from mesylate §-50 (798 mg, 2.44 mmol). The crude product was purified by column
chromatography (hexane/EtOAc, 95:5)yteld the produc(S-46 as a pale yellow solid
(499 mg, 45% R 0.25 (fexane/EtOAc, 9:1)m.p. 122124°C; gma/cm* (CDCk cast)
2977, 2932, 1701, 1604, 15711484 1391,1361; Uy (500 MHz; CDC}) 8.107.34 (1H,

br m, ZAr-H), 7.74 (2H, dJ = 8.0 Hz, 2 x 9Ar-H), 7.237.12 (2H, m, 4Ar-H, 6-Ar-

H), 6.97 (1H, t,J = 7.5 Hz, 5Ar-H), 6.90 (2H, dJ = 8.0 Hz, 2x 8-Ar-H), 4.924.70
(A1H, m, 2CH), 4.28 (1H, ddJ = 9.0and 3.5 Hz, GHHO), 3.983.81 (1H, m, CHO),
3.34 (1H, ddJ = 16.5and 10.0 Hz, 3CHH), 3.12 (1H, ddJ = 16.5and 1.5 Hz, 3
CHH), 1.59 (9H, s, C(83)3), 1.34 (12H, s, 2 x C(85)2); Uc (125 MHz; CCl3) 161.3
(Ar-C), 152.3 CO,'Bu), 142.2 (ArC), 136.6 (2 x 9Ar-CH), 130.0 (ArC), 127.5 (4Ar-
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CH), 125.1 (6Ar-CH), 122.8 (5Ar-CH), 121.2 (ArC), 115.5 (?Ar-CH), 114.1 (2 x 8
Ar-CH), 83.6 (2 xC(CHj3),), 81.5 C(CHz)3), 67.7 CH,0), 57.8 (2CH), 31.4 (3CHy),
28.6 (CCHa)s), 24.9 (2 x CCHa3),); m/z (ES)) 474 (M + NaJ’, 80%), 352 (1" -
CsHsO,, 10099; HRMS GeH34BNOsNa, calcd 474.2428ound 474.2420

8.19 tert-Butyl (R)-2-((4-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-
yl)phenoxy)methyl) indoline-1-carboxylate ((R)-46)

O
L0
2

The title compound was prepared according to the procedure described in section 8.16,
from mesylate R)-50 (814 mg, 2.49 mmol). The crude product was purified by column
chromatography (hexane/EtOAc, 95t8)yield the produci(R)-46 as a white solid (587

mg, 52%. Characterisation data was identical to that3»46.

8.20(9)-1-(tert-Butoxycarbonyl)indoline-2-carboxylic acid ((S)-48)%®

>Z N~ OH
0/§O o

The title compound was prepared according to the procedure described in section 8.11,
from (§-indoline-2-carbaylic acid (2.00 g, 12.3 mmol). The crude product was
recrystallised (EtOAc/hexane) teeld compound(S)-48 as a pale brown soli(2.90 g,
90%) as a mixture of amide rotamers (7:4 in CECIM.p. 124126 °C (lit°® 124125

°C, EtOAc/hexang Uy (500 MHz; CDC}) 10.60 (1H, br s, &), 8.067.37 (1H, m, 7
Ar-H), 7.247.06 (2H, m, 4Ar-H, 6-Ar-H), 7.006.91 (1H, m, BAr-H), 5.0%4.78 (1H,

m, 2CH), 3.633.09 (2H, m, 3CH,), 1.681.50 (9H, m, C(@s)3); Uc (150 MHz;
CDCk) 178.4and 177.0(COH), 151.6 and 153.4CO,'Bu), 142.5and 141.3(Ar-C),
128.2and 128.0/Ar-CH), 128.9 andL27.7 (ArC), 125.0 andL24.5 (AFCH), 122.9 (Ar
CH), 114.9 andl14.7 (ArCH), 83.2 andB1.8 (C(CHs)3), 60.1 (2CH), 32.7and 31.43-
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QHz), 28.5 and28.3 (CQHg)g); m'z (ES) 262 {M - H]_, 1000/(), HRMS G 4H16NOy,
calcd 262.1079, found 262.1092.

8.21 (R)-1-(tert-Butoxycarbonyl)indoline-2-carboxylic acid ((R)-48)*°

o,

g

The title compound was preal according to the procedure described in section 8.11,
from (R)-indoline-2-carbaylic acid (1.94 g, 11.9 mmol). The crude product was
recrystallised (EtOAc/hexane) taeld compound(R)-48 as a pale brown solid (1.81 g,
58%). Characterisation data waentical to that of%)-48.

8.22tert-Butyl (S)-2-(hydroxymethyl)indoline-1-carboxylate ((S)-49)"°
5 4

6 3
>Z N~ OH
o4,

The title compound was prepared according to the procedure descripection 8.9,
from (§-48 (1.80 g, 6.84 mmol). The crude product was purified by column
chromatography (hexane/EtOAc, 4:1)ield the produc(S)-49as a yellow oil (1.24 g,
73%). R 0.43 (hexane/EtOAc, 2:1) Uy (500 MHz; CDCY4) 7.55 (1H, br s, /Ar-H),
7.197.11 (2H, m, 4Ar-H, 6-Ar-H), 6.95 (1H, tJ= 7.0 Hz, 5Ar-H), 4.694.51 (1H, m,
2-CH), 3.76 (1H, ddJ = 11.0and6.5 Hz, (HHO), 3.69 (1H, ddJ = 11.0and4.5 Hz,
CHHO), 3.33 (1H, dd,JJ = 16.0 Hzand 10.5 Hz, 3CHH), 2.952.60 (2H, m, 3CHH,
OH), 1.59 (9H, s, C(Bl3)3); Uc (150 MHz; CDCH4) 154.6 CO,'Bu), 141.8 (ArC), 130.0
(Ar-C), 127.5 (ArCH), 125.0 (ArCH), 122.9 (ArCH), 115.7 (ArCH), 82.5 C(CHy)3),

66.9 CH,0), 61.2 (2CH), 31.2 (3CH,), 28.5 (CCHa)3); miz (EI) 249 M*, 10%), 118
(M* - CgH1105, 100%) HRMS GiH190sN, calcd 249.160, found 249.1362
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8.23tert-Butyl (R)-2-(hydroxymethyl)indoline-1-carboxylate ((R)-49)"*

E ] OH

N
o4,

The title compound was prepared according to the procethseibed in section 8.9,
from (R)-48 (1.70 g, 6.46 mmol). The crude product was purified by column
chromatography (hexane/EtOAc, 4:1)yield the alcoholR)-49 as a yellow oil (0.987

g, 61%). Characterisation data was identical to tha®)e4 9.

8.24 tert-Butyl (S)-2-(((methylsulfonyl)oxy)methyl)indoline-1-carboxylate ((S)-50)

5 4

ers\/
7 2
>< A O\/S\/
V2R
O/&o o0

The title compound was prepared according to the procedure described in section 8.14,
from (9-49 (1.12 g, 4.49 mmol). The crude produ&-60 was isolated as a brown
solid (1.33 g, 90% crude), and used without further purificatiovi.p. 5055 °C;
gma/cmi* (CDCh cast) 2976, 2938, 1698603, 1484;ii4 (500 MHz; CDC}) 7.987.36
(1H, br m, ZAr-H), 7.207.14 (2H, m, 4Ar-H, 6-Ar-H), 6.96 (1H, tJ = 7.5 Hz, 5Ar-
H), 4.734.66 (1H, m, 2CH), 4.38 (1H, ddJ = 10.0and 3.5 Hz, GHHO), 4.354.30
(1H, m, CHHO), 3.37 (1H, ddJ = 16.5and10.0 Hz, 3CHH), 3.03 (1H, ddJ = 16.5
and 2.5 Hz, 3CHH), 2.89 (3H, s, S&CH3), 1.58 (9H, s, C(B3)3); Uc (150 MHz;
CDCk) 152.1 CO,'Bu), 142.1 (ArC), 129.6 (ArC), 127.8 (4Ar-CH), 125.1 (BAr-
CH), 123.1 (5Ar-CH), 115.3 (¥Ar-CH), 81.9 C(CHzs)3), 69.3 CH,0), 57.6 (2CH),
37.5 (SQCHa), 31.2 (3CH,), 28.5 (CCHa)s); m/z (El) 327 M™, 20%), 272 (" -
C4H;, 60%), 228 M* - CsH/O, 85%), 176 M™ - CsH1103S, 100%); HRMS
C15H2105NS, calcd 327.113%0und327.1134
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8.25tert-Butyl (R)-2-(((methylsulfonyl)oxy)methyl)indoline-1-carboxylate ((R)-50)

: "/,/O\ ~

>< L %
0/§O ©

The title compound was prepared according to the procedure described in section 8.14,
from (R)-49 (891 mg, 3.57 mmol). The crude prodweas isolated as a brown solid
(2.02 g, 87% crude) and used without further purificati@@haracterisation data was
identical to that of$)-50.

8.26 2-(3-lodo-4-methylphenyl)aceic acid (51)%**

I3 1 OH
The title compound waprepared based on a literature procedtir&odium periodate
(281 mg, 1.31 mmol)and powdered iodine24 mg, 0.883 mmol) wre added to a
stirred solution of glacial acetic acid (2 mL) and acetic anhydfid®l() at 5°C under
argon ConentratedH,SO, (0.90 mL, 17.7 mmol) was added slowly dropwise to the
vigorously stirred reaction mixture at®6. p-Tolylacetic acids3 (408 mg, 2.72 mmol)
was added portionwise to the reaction mixture &C%nd stirred br 1 hat rt, then
heated at 46C for 3 h, during which time the dark brown solution turned yellow. The
reaction mixture was slowly poured into an ice cold solution gSR&a(2.21 g, 17.6
mmol) in water(30 mL) and stirred for 15 min The solid was ctdcted by filtraton,
yielding the crude produ&l as a pale yellow solicbL6 mg, 69% crude).A portion of
the crude product was purified by recrystallisation (hexane) to5dives a white solid.
Uy (600 MHz; CDC}) 11.0 (1H, br s, 6), 7.73 (1H, s2-Ar-H), 7.267.15(2H, m, 5
Ar-H, 6-Ar-H), 3.57 (2H, s, B,CO,H), 2.40 (3H, s, €3) ; c(15QIMHz; CDC}) 176.9
(COzH), 140.7 4-Ar-C), 139.7 R-Ar-CH), 132.5 (-Ar-C), 129.9 (ArCH), 129.4 (Ar
CH), 101.3 B-Ar-C), 39.8 CH,CO:H), 27.8 CHs); m/z(El) 276(M*, 100%), 231 M"
- COH, 100%; HRMS GHqOql, calcd 275.9642, found 275.9646
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8.27 Methyl 2-(3-iodo-4-methylphenyl)acetate(54)

The title compound was preparadcording to the procedure described in section 8.26
from methyl esteb5 (4.55 g, 27.7 mmol). The crude yelldwown oilwas purifiedby
column chromatographypétrol/EtOAG 95:5 to yield the product4 as a pale yellow

oil (6.07 g, 76%). R; 0.27 (petrol/EtOAc, 95:5) gma/cmi® (CDCk cast)2950, 1737,
1601, 1557, 1484}, (500 MHz; CDC}) 7.73 (1H, s, 2Ar-H), 7.207.14 (2H, m, BAr-

H, 6-Ar-H), 3.69 (3H, sOCHs), 3.54 (2H, s, €,CO,CHs), 2.40 (3H, s, AICH5); Uc
(125 MHz; CDC}) 171.7 CO.CHs), 140.3 @-Ar-C), 139.6(2-Ar-CH), 133.2 (-Ar-C),
129.8, (AFCH), 129.2 (AFCH), 101.2 B-Ar-C), 52.2 OCHs), 40.0 CH.CO,CHs), 27.7
(Ar-CHs); m/z (EI) 290 M*, 80%), 231 " - CO,CHs, 100%); HRMS CioH1:0.l
calcd 289.9798, found 289.97.99

8.28 Methyl 2-(p-tolyl)acetate(55)>%°

O
To a solution op-tolylacetic acid (5.01 g, 33.4 mmol) methanol65 mL) was added
conentratedH,SO, (0.40 mL, 7.50 mmoland heated at reflux for 6.h The solution
was concentratedn vacuq and the redue dissoted in EtOAc (180 mL) and washed
with NaHCQ;, brine, dried (MgS) and solvent removeith vacuoto yield the product
55 as a palgellow oil (5.21 g, 95%) 4 (500 MHz; CDC}) 7.17 (2H, dJ=8.0 Hz, 2
X 2-Ar-H), 7.13 (2H, d,J = 8.0 Hz, 2 x3-Ar-H), 3.8 (3H, s, OGls), 3.59 (2H, s,
CH,CO,CHj3), 2.33 (3H, s, AiCH3); Uc (125 MHz; CDC}) 172.3 CO,CH;g), 136.8
(Ar-C), 131.0 (ArC), 129.4 (2 x2-Ar-CH), 129.2 (2 x3-Ar-CH), 52.1 OCH3), 40.9
(CH,CO,CHs), 21.2 (ArCHs); mvz (El) 164 M™, 3099, 105 M* - CO,CH3, 100%;
HRMS G oH120,, calcd 164.0832, found 164.0827
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8.29 Methyl 2-(o-tolyl)acetate (56)>°°

o<

o]

The title compound was prepared according to the procedure described in section 8.28,
from o-tolylacetic acid (5.04 g,386 mmol), to yield thgproduct56 as a pale yellow oil

(5.27 g, 96%).U4 (500 MHz; CDC}) 7.237.14 (4H, m, 4 x AH), 3.69 (3H, sOCH3),

3.65 (2H, s, EG,CO,CH3), 2.32 (3H, s, AICHs3); Uc (125 MHz; CDC}) 172.0
(CO,CHs), 136.9 (ArC), 132.8 (AkC), 130.4 (AFCH), 130.2 (AFCH), 127.5 (AkCH),

126.2 (AFCH), 52.1 OCHs), 391 (CH,CO,CHs), 19.7 (AFCHs): m/z (EI) 164 M*,

100%), 105 M" - CO,CHs, 60%9; HRMS GoH1,0,, calcd 164.082, found 164.0828

8.30 Methyl 2-(5-iodo-2-methylphenyl)acetate(57)*°” andmethyl 2-(3-iodo-2-

methylphenyl)acetate(58)*°®
0
h + I\@/WO\
0
0

I 57 58

The mixture of aryl iodide regioisomers were synthesised following the procedure
described in section 8.26, from methyl e€&(501 mg, 3.05 mmol). Therude brown

oil was purified by column chromatography (hexane/EtOAc, @igliling a mixtue of
inseparable regioisomes§ and58 as a colourless 0il82mg, 54% ratio 57/58 = 3:1).

R: 0.69 (hexane/EtOAc, 4:1)4 (500 MHz; CDC$) major regioisomeb7: 7.52 (1H, d,
J=1.5Hz, ArH), 7.49 (1H, dd,J= 8.0 andl.5 Hz, ArH), 6.91 (1H, dJ = 8.0 Hz, Ar

H), 3.69 (3H, s,0CH3), 3.57 (2H, s, €,COCH3), 2.25 (3H, s, ACH3), minor
regioisomers8: 7.77 (1H, d,J = 7.5 Hz, ArH), 7.15 (1H, dJ = 7.5 Hz, ArH), 6.84

(AH, t,J = 7.5 Hz, ArH), 3.71 (2H, s, B,CO,CHs), 3.69 (3H, sOCH3), 2.44 (3H,s,
Ar-CHy).
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8.31tert-Butyl (S5)-2-( ( 4(2&m@thoxy-2-oxoethyl)-2 Gnethyl-[ 1 biph&nyl]-4-
yl)oxy)methyl)pyrrolidine -1-carboxylate ((S)-62)

4 3
5 2 6
o {Je_o o
8
O/&o ONg
10 o)

9
To a solution of boronic esteg)f41 (260 mg, 0.645 mmol) in DMF (11 mL) wadded
aryl iodide 54 (250 mg, 0862 mmol) and ;RO (414 mg, 1.95 mmol). Ayon was
bubbled through the solution for 10 minTetrakis(triphenylphosphine)palladium(0)
(96.5 mg, 0.0835 mmol) was added to the reaction mixture and heatetCafB54 h.
The reaction mixture was diluted with EtOAc (100 mL) and washed with water (6 x 50
mL) and brine (50 mL), dried (phase separator) and solvent renmoweduoto give a
crude orangebrown oil, which was purified by column chromatography
(hexane/EtOAc, 9:1%0 afford the biaryl product§-62 as ayellow oil (211 mg, 74%)
Rr 0.31(hexane/EtOAc, 4:1)gmalcni’ (CDChk cast)2973,174Q 1691, 1609, 1516,
(600 MHz; CDC4) broadening/splitting of signals due to amide rotam&rgs7.19
(3H, m, 2 x7-Ar-H, 9-Ar-H), 7.15 (1H, dJ = 8.0 Hz,10-Ar-H), 7.12 (1H, s8-Ar-H),
6.97 (2H, d,J = 7.0 Hz, 2 x6-Ar-H), 4.253.76 (3H, m,2-CH, CH,0), 3.69 (3H, s,
OCHs3), 3.62 (2H, s, €G,CO,CHg), 3.483.29 @H, m, 5-CHy), 2.25 (3H, s, AICH3),
2.12-1.82 (4H, m3-CH, 4-CH,), 1.49 (9H, s, C(83)3); Uc (150 MHz; CDC}) 172.3
(CO,CHs), 158.0 and 157.9 (A€), 154.8 and 154.700,'Bu), 141.9 and 141.8 (AE),
134.5 (ArC), 134.3 and 134.1 (AE), 131.4 (ArC), 130.9 (8Ar-CH), 130.7(9-Ar-
CH), 130.4 (2 x fAr-CH), 127.9 (10Ar-CH), 114.2 (2 x 6Ar-CH), 79.9 and 79.5
(C(CHj3)3), 68.4 and 68.1GH,0), 56.1 and 56.0 (ZH), 52.2 OCH3), 47.1 and 46.7 (5
CH,), 40.9 CH,CO,CHg), 28.9 and 28.1 (8H,), 28.7 (CCHa)s), 24.0 and 22.9 4
CH,), 20.3 (ArCH3); m/z (El) 439 M", 15%), 114 M"™ - C4Hg - C17H1705, 100%;
HRMS GeH330sN, calcd 439.2353ound 439.280.
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8. tert-Butyl (R)-2-( ( {(25m@&thoxy-2-oxoethyl)}-2 -@nethyl-[ 1 ;biph&nyl]-4-
yl)oxy)methyl)pyrrolidine -1-carboxylate ((R)-62)

(o
SN
o

LT

o,

The title compound was prepared acting to the procedure described in section 8.31,
from the boronic estgR)-41 (60.0 mg, 0.149 mmol). The crude brown oil was purified
by column chromatography (hexane/EtOAc, 9:1) to yield the biaryl pro®xg2 as a

pale yellow oil (53.5 mg, 82%)Characterisation data was identical to that®fg2.

8.3 tert-Butyl (S)-2-( ( {(25m@thoxy-2-oxoethyl)-2 -Gnethyl-[ 1 ;biph&nyl]-4-
yl)oxy)methyl)indoline-1-carboxylate ((S-63)

5 4

The title compound was prepared accordimghe procedure described in section 8.31,
from the boronic estel§-46 (0.288 g, 0.638 mmol). The crude brown oil was purified
by column chromatography (hexane/EtOAc, 9:1) to yield the biaryl pro@:&3(as a
yellow oil (0.248 g, 80%).R; 0.18 (hexne/EtOAc, 9:1);gma/cm* (CDCl; cast)2975,
2951, 1738, 1692, 1607, 1576, 151504 (500 MHz; CDC}) Uy (500 MHz; CDC})
broadening/splitting of signals due to amide rotameé8€)57.32 (1H, br m, 7Ar-H),
7.257.14 (6H, m, 4Ar-H, 6-Ar-H, 2 x 9-Ar-H, 11-Ar-H, 12-Ar-H), 7.12 (1H, dJ=1.5
Hz, 10Ar-H), 6.98 (1H, tJ = 7.5 Hz, 5Ar-H), 6.95 (2H, dJ = 8.5 Hz, 2 x 8Ar-H),
4.944.77 (1H, m, 2CH), 4.3%#4.23 (1H, m, GiHO), 4.023.87 (1H, m, CHIO), 3.70
(3H, s, O®3), 3.62 (2H, s, B,CO,CH3), 3.37 (1H, ddJ = 16.5and9.5 Hz, 3CHH),
3.16 (1H, dd,J = 16.5and 1.5 Hz, 3CHH), 2.25 (3H, s, AICH3), 1.60 (9H, s,
C(CHs)3); Uc (125 MHz; CDC}) major rotamer, some AL signals obscured by ACH
signals,172.2 CO,CHs), 157.8 (ArC), 152.4 CO,'Bu), 142.3 (ArC), 141.7 (ArC),
134.5 (ArC), 134.4 (ArC), 131.4 (ArC), 130.8 (16Ar-CH), 130.7 (11Ar-CH), 130.3

(2 x 9Ar-CH), 1279 (12Ar-CH), 127.5 (4Ar-CH), 125.1 (6Ar-CH), 122.8 (5Ar-
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CH), 115.5 (ZAr-CH), 114.3 (2 x 8Ar-CH), 81.4 C(CHas)3), 68.0 CH.0), 57.9 (2
CH), 52.1 (QCHs), 40.8 CH,CO,CHs), 31.4 (3CH,), 28.6 (CCHa)3), 20.2 (A-CH3);
m/z (ES) 510 (M + Na]*, 2599, 388 M" - CsH;O,, 100%); HRMS GoHz3NO:sNa,
cdcd 510.2256, found 510.2260.

8.#A tert-Butyl (R)-2-( ( {(28m@thoxy-2-oxoethyl)-2 -Gnethyl-[ 1 ;biph&nyl]-4-
yl)oxy)methyl)indoline-1-carboxylate ((R)-63)

SN @
o&o (ONQ
!

The title compound wsaprepared according to the pealure described in section 8,31
from the boronic estgiR)-46 (480 mg, 1.06 mmol).The crude brown oil was purified
by column chromatography (hexane/EtOAc, 9:1) to yield the biaryl pro®g3 as a
yellow-brown oil (360mg, 70%). Characterisation data was identical to thatSy {g3.

8.3 Methyl (9)-2-(6-methyl-4 @pyrrolidin -2-ylmethoxy)-[ 1 ;biph&nyl]-3-
yl)acetate ((S)-64)

.TFA

Trifluoroacetic acid (1 mL) was added dropwise to a solubib(g)-62 (158 mg, 0.358
mmol) in CHCl, (1 mL) at 0°C, and stirred for 1 h at rt. The solution was concentrated
in vacuoto give the cude product as the TFA salt§b mg, 100% crude) as an orange
oil, which was used without further purificatiogma/cm® (CDCl; cast) 2956, 2775,
1778, 1734, 1670, 1610, 1516, 149%; (500 MHz; CDC}) 9.69 (1H, br s, N), 8.30
(1H, br s, ), 7.257.18 (3H, m, 2 x Ar-H, 9-Ar-H), 7.15 (1H, dd,J = 8.0and 1.5

Hz, 1GAr-H), 7.08 (1H, dJ = 1.5 Hz, 8Ar-H), 6.90 (2H,d, J = 8.0 Hz, 2 x 6Ar-H),
4.27 (1H, ddJ = 10.0and3.0 Hz, (HHO), 4.17 (1H, ddJ = 10.0and5.5 Hz, CHHO),
4.134.04 (1H, m, 2CH), 3.69 (3H, s, O83), 3.61 (2H, s, €.CO,CHz), 3.453.35
(2H, m, 5CHy), 2.21 (3H, s, AICH3), 2.301.99 (4H, m, 3CH» 4-CH>); Uc (125 MHz;
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CDCk) 172.5 CO,CHs), 156.5 (ArC), 141.4 (ArC), 135.6 (ArC), 134.4 (ArC),
131.4 (ArC), 130.7 and 130.5 (2 x-A&r-CH, 8-Ar-CH, 9-Ar-CH), 128.0 (10Ar-CH),
114.2 (2 x 6Ar-CH), 66.1 CH,0), 59.2 (2CH), 52.2 (QCHs), 46.2 (5CH.), 40.8
(CH,CO,CHs), 26.8 CH.), 24.0 CH,), 20.1 (AFCH3); m/z (ES) 340 (M + H]",
100%); HRMS G;H26NOs3, calcd 340.1913ound 340.1907.

8.36Methyl (R)-2-(6-methyl-4 gpyrrolidin -2-ylmethoxy)-[ 1 ;biph&nyl]-3-
yl)acetate((R)-64)
{J. o

N >
H
O\
.TFA o)

The title compound was prepared according to the procedure described in 88%jon
from (R)-62 (153 mg, 0.348nmol). The crude producRR)-64 was isolated as a yellew
brown oil as the TFA salt (164 mg, 100% crude), and used without further puwmificat

Characterisation data was identical to that3¥g4.

8.37(9)-2-(6-M ethyl-4 @pyrrolidin -2-ylmethoxy)-[ 1 ;biph&nyl]-3-yl)acetic acid
((9-69

.TFA

A solution of lithium hydroxide (3.45 mg, 0.144 mmol) in waferl mL) was added to

a solution ofthe ester $-64 (16.3 mg, 0.084 mmol, HCI sal) in methanol (0.1 mL)
and THF (0.1 mL) Thesolutionwasstirred at t for 19 h thenconcentratedn vacuo
The resulting residue was dissolved in water (5 mL) and pH tedjus 7 by addition of
0.2 M HCL The aqueous phase was extracted with EtOAc (2 x 10 GHyCl, (2 x 10
mL) and 20% methanol i€H,Cl, (2 x 10 mL). The combined organic extracts were
passed through a hydrophobic frit and evaporatedacuo None of he desired
compound was extracted. The aqueous phase was concemtnzedoand the residue
was dissolved ilCH;OH:DMSO (1:1,1 mL), filtered and purified b}yIDAP (Gradient
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B, r = 9.82 min) Appropriatefractions were combined arel/aporatedn vacuoto
yield (9)-65 as the TFA salt as a colourless oil (16, 84%). [a]p®® +9.9 (c 0.81,
CHCk); gma/cm* (CDCk cast) 2976, 1672, 1610, 1516 (600 MHz; CDC#) 10.33
(1H, br s, NH), 8.83 (1H, br s, N), 7.18 (1H, d,J = 8.0 Hz, 16Ar-H), 7.127.07 (3H,
m, 2 x *Ar-H, 9-Ar-H), 6.94 (1H, s, #Ar-H), 6.79 (2H, dJ = 8.0 Hz, 2 x 6Ar-H),
4.14 (1H, ddJ = 10.5and4.0 Hz, G(HHO), 4.07 (1H, ddJ = 10.5and6.0 Hz, CHHO),
3.993.92 (1H, m, 2CH), 3.50 (2H, s, B,CO;H), 3.403.29 (2H, m, 5CH,), 2.18 (3H,
s, Ar-CHs), 2.201.91 (4H, m, 3CH,, 4-CH,); Uc (150 MHz; CDC}) 176.5 CO,H),
156.7 (ArC), 141.4 (ArC), 135.2 (ArC), 134.4 (ArC), 131.3 (ArC), 130.8 (8Ar-
CH), 130.7(9-Ar-CH), 130.5 (2 x 7Ar-CH), 128.2 (16Ar-CH), 114.3 (2 x 6Ar-CH),
66.3 (CH20), 58.7 (2CH), 45.7 (5CH.), 40.7 CH,CO:H), 269 (3:CH,), 24.1 (4CH,),
20.2 (ArCHs3); m/iz (EQ) 326 (M + H]*, 1009%); HRMS GyH24NOs, calcd 326.1756,
found 326.1771

8.3 (R)-2-(6-M ethyl-4 -@pyrrolidin -2-ylmethoxy)-[ 1 ;biph&nyl]-3-yl)acetic acid

((R)-65)
e
OH
TFA O o

A solution of lithium hydroxide .86 mg, 0.132 mmol) in water (Or2L) was added to
a stirred solution of the estéR)-62 (36.0 mg, 0.0819 mmol) in methanol (0.2 mL) and
THF (0.2mL). The solution was stirred at rt f@l h thenconcentratedn vacuoto
give a pale yellow residue, which wdsssolved inCH;OH:DMSO (1:1 1 mL), filtered
and purified by MDAP (GradienD, r; = 13.9 min,m/z426 [M + H]"). Appropriate
fractions were combined and solvent remoiregtacuoto yield a pale yellow 0i(22.0
mg), whichwas dissolved id M HCI in 1,4dioxane (1 mL, 4.00 mmoBndstirred at
rt for 21 h. The volatiles were removed from thect@m under a stream of,No give
the crude product as a pale yellow oil which was dissolvedHsOH:DMSO (1:1 1
mL), filtered and purified by MDAP(run time 10 min, GradienB, r, = 9.78 min)
Appropriate fractions were combined aenaporatedn vacuoto yield the produc(R)-
65 as the TFA salias a colourless oil (19.1 mg, %3 Characterisation data was

identical to that ofS)-65 except[a]p* -6.0 (c 0.96, CHG).
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8.39 Methyl (S)-2-( 4(iddolin-2-ylmethoxy)-6-methyl-[ 1 ;biph&nyl]-3-yl)acetate
((9-66)

5 4
6 3
7 2
N
H
.TFA

The title compound was prepared following the same procedure as described in section
8.35, from(9-63 (190 mg, 0.39Immol). The crude product was isolated as an orange
oil as the TFA salt (0.198 g, 100% crude) and usatthout further purification.
gma/cm™ (CDCh cast) 2954, 2543, 17781735, 1666, 1610, 15160 (500 MHz;
CDCk) 7.41-7.35 (3H, m, 4Ar-H, 6-Ar-H, 7-Ar-H), 7.317.26 (1H, m, 5Ar-H), 7.23
(2H, d,J = 9.0 Hz, 2 x 9Ar-H), 7.21 (1H, d.J = 8.0 Hz, 1Ar-H), 7.15 (1H, dJ = 8.0

Hz, 12Ar-H), 7.09 (1H, s, 1r-H), 6.93 (2H, dJ = 9.0 Hz, 2 x 8Ar-H), 4.804.70
(1H, m, 2CH), 4.434.31 (2H, m, @,0), 3.69 (3H, s, 0OH;), 3.61 (2H, s,
CH,CO,CHj3), 3.51 (1H, ddJ = 16.5and9.0 Hz, 3CHH), 3.30 (1H, ddJ = 16.5and

7.5 Hz, 3CHH), 2.21 (3H, s, AICHs); Uc (125 MHz; CDC}) 172.5 CO.H), 156.5
(Ar-C), 141.4 (ArC), 136.4 (ArC), 135.6 (ArC), 134.4 (ArC), 133.6 (ArC), 131.4
(Ar-C), 130.8 (ArCH), 130.7 (ArCH), 130.5 (2 x 9Ar-CH), 129.4 (ArCH), 128.9
(Ar-CH), 128.0 (AFCH), 126.0 (AkCH), 119.0 (AkCH), 114.3 (2 x 8Ar-CH), 66.5
(CH,0), 59.6 (2CH), 52.2 (QCHs3), 40.8 CH,CO,CHs), 32.1 (3CH,), 20.1 (AFCHa);

m/z (ES) 388 (M + H]*, 100%; HRMS GsH2eNOs, calcd 388.1913, found 388.1921

8.40 Methyl (R)-2-( 4(iddolin-2-ylmethoxy)-6-methyl-[ 1 ;biph&nyl]-3-yl)acetate

((R)-66)
N "’//O
T
O\
.TFA O
O

The title compound was prepared following the same procedure as described in section
8.35, from(R)-63 (290 mg, 0.597mol). The crude product was isolated as a yellow
oil as the TFA salt (0.3 g, 100% crude) and used without further purification.

Characterisatiodata was identical to that ()-66.
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8.41 (9)-2-( 4(landolin-2-ylmethoxy)-6-methyl-[ 1 ;biph&nyl]-3-yl)acetic acid((S)-
67)

To a solution otonpound(S-66 (55.0 mg 0.110 mmol) in THF (0.3 mL) and GBH

(0.3 mL), was added a suspension of LIOKHH(20.0 mg, 0.477 mmol) in water (0.3
mL), and the mixture stirredt rt for 24h. The reaction mixture was diluted with water
(10 mL) and 1 M HCI wasdded dropwise until the pH ~ 3. The aqueous phase was
extracted with EtOAc (3 x 15 mL). The combined organic extracts were washed with
brine (15 mL), dried (N&5Qy) and solvent removeidh vacuoto give acrude brown oil
which was purified by column chneatography (EtOAc) to give the produy&-67 as a
yellow oil (19.6 mg, 48%).R; 0.89 (EtOAc) [a]po> +49.0 (c 0.80, CHGJ; gma/cm™
(CDCJ cast) 3035, 2924, 28581708 1608, 1515; Uy (500 MHz; CDC}) 7.257.20

(3H, m, 2 x 9Ar-H, 11-Ar-H), 7.16 (1H, dJ = 8.0 Hz, 12Ar-H), 7.147.10 (2H, m, 4
Ar-H, 10-Ar-H), 7.05 (1H, tJ = 7.5 Hz, 6Ar-H), 6.95 (2H, dJ = 8.5 Hz, 2 x 8Ar-H),

6.74 (1H, tJ = 7.5 Hz, 5Ar-H), 6.67 (1H, dJ = 7.5 Hz, 7Ar-H), 4.364.27 (1H, m, 2

CH), 4.043.98 (2H, m, ©&,0), 3.64 (2H, s, €8,CO,H), 3.27 (1H, dd,J = 15.5and9.0

Hz, 3CHH), 2.85 (1H, dd, = 15.5and6.5 Hz, 3CHH), 2.25 (3H, s, AICH3); Uc (125
MHz; CDCk) 177.5 CO,H), 157.8 (AkC), 150.2 (ArC), 141.8 (ArC), 134.7 (AC),
134.4 (ArC), 131.0 (16Ar-CH), 130.8 (ArC), 130.7 (12Ar-CH), 130.4 (2 x 9Ar-

CH), 128.0 (12Ar-CH), 127.9 (AkC), 127.7 (6Ar-CH), 125.0 (4Ar-CH), 119.0 (5Ar-

CH), 114.2 (2 x 8Ar-CH), 109.9 (7Ar-CH), 71.4 CH,O), 58.1 (2CH), 40.6
(CH,CO.H), 32.6 (3CH>), 20.3 (ArCH3); m/z (ES) 374 (M + H]*, 100%; HRMS
Cz4H24N O3, calcd 374.1756, found 3724750.
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8.42 (R)-2-( 4(lindolin-2-ylmethoxy)-6-methyl-[ 1 ;biph&nyl]-3-yl)acetic acid((R)-

67)
N "’//O
H
O o
B!

The title compound was prepared following the same procedure as described in section
8.41, from R)-66 (56.0 mg, 0.112nmol). The crude product was purified by column
chromatography (EtOActo yield the productR)-67 as a yellow oil (20.6 mg, 49%).
Characterisatiodata was identical to that d®)¢67 except{a]p* -44.6 (c 0.70, CHG).

843 (5)-2-( 4(@-Acetylpyrrolidin -2-yl)methoxy)-6-methyl-[ 1 sbiph&nyl]-3-
yl)acetic acid((S)-68)

DMAP (6.00 mg, 0.0491 mmofpllowed by anhydrous triethylamine (0.10 mL, 0.717
mmol) were added to a solution (8)-64 (60.4 mg, 0.158 mmol) in Ci€l, (2 mL).
The solution was stirred at rt for 45 min, then cooled & @nd acetic anhydride (0.05
mL, 0.529 mmol) was addedThe solution was stirred at rt for 2lahdthen diluted
with CH,Cl, (10 mL) and brine (10 mL). The aqueous phase was extracted with
CH.Cl; (2 x 10 mL). The combined organic extracts were washtdhwine (10 mL),
dried (NaSQ,) and solvent removeith vacuoto give a yellow oil which was purified
by column chromigraphy (EtOAc) to yieldthe intermediatemethyl (§-2-( 4(@-
acetylpyrrolidin2-yl)ymethoxy)6-methyt 1 -biph&nyl}3-yl)acetateas apale yellow
oil (51.0 mg, 84%)as a mixture of amide rotamers (4:1 in CE)CIR;0.30 (EtOAC)
gma/cmi® (CDCh cast) 2952, 2876, 1738641, 1610, 1516 Uy (500 MHz; CDC})
7.257.08 (5H, m, 2 x 7Ar-H, 8-Ar-H, 9-Ar-H, 10-Ar-H), 7.006.89 (2H, m, 2 »6-Ar-
H), 4.503.82 (3H, m, 2CH, CH,0), 3.69 (3H, s, OHds), 3.61 (2H, s, €,CO,CHy),
3.60:3.40 (2H, m, 8CH,), 2.252.20 (3H, m, AfCH3), 2.191.92 (7H, m, COE3, 3-
CH», 4-CH,); mvz (ESQ) 404 (M + Na]’, 85%), 382 (M + H]", 100%; HRMS
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Ca3H27NOsNa, catd 404.1838found 404.1825.Methyl (S)-2-( 4(@-acetylpyrrolidir
2-yl)methoxy)}6-methyt 1 ;biph@nyl}3-yl)acette (31.0 mg, 0.0813 mmolwas
dissolved inTHF (0.2 mL)andCHsOH (0.2 mL) anda suspension of LIOH.;D (10.0
mg, 0.238 mmol) in water (@.mL) was added. fereactionmixture wasstirredat rt
for 24 h thenconcentratednh vacuoand theresultingresidue diluted with water (8 mL)
and pH adjusted to 3 by addition 4&fM HCI. The aqueous phase was extracted with
EtOAc (4 x 10 mL). The cobined organic extracts were washed with brine, dried
(N&S0Oy) and solvent removeid vacuoto yielda crudeyellow oil which was dissolved
in CH;OH/DMSO (1:1 1 mL), filtered and purified byMDAP (GradientC, r, = 10.8
min). Appropriatefractions were cofnined andevaporatedn vacuoto yield (S)-68 asa
pale yellow oil (21.9 mg, 73%Js a mixture of amide rotamers (4:1 in CE)C[a]p® -
56.5 (¢ 1.D, CHCh); gma’/cm™* (CDCk cast)2956, 28781723, 1606 1516; Uy (400
MHz; CDCk) 7.31:-7.14 (5H, m, X 7-Ar-H, 8-Ar-H, 9-Ar-H, 10-Ar-H), 7.056.91 (2H,
m, 2 x 6Ar-H), 4.604.28 (1H, m, 2CH), 4.273.88 (2H, m, €1;0), 3.67 (2H, s,
CH.CO,H), 3.643.45 (2H, m, 8CH»), 2.28 (3H, s, AICHs), 2.261.97 (7H, m,
COCH;3, 3-CHy, 4-CHy); Uc (100 MHz; CDCY) 176.1 CO.H), 170.3 COCHg), 157.7
and 157.3 (A/CO), 141.7 and 141.5 (AE), 134.4 (ArC), 134.1 (ArC), 131.2 (ArC),
130.9 (ArCH), 130.6 (ArCH), 130.4 and 130.3 (2 x-Ar-CH), 128.0 and 127.8 (Ar
CH), 114.1 and 114.0 (2 xAr-CH), 68.9 and 67.3@H,0), 57.1and 56.1 (2CH), 48.3
and 45.8 (5CH,), 40.7 CH,CO.H), 28.9 and 27.7GH,), 24.3 and 22.1QH,), 22.7 and
22.2 (CQCHs), 20.2 (ArCH3); mvz (ES) 390 (M + NaJ’, 100%), 368 [M + H]",
80%); HRMS G H2sNOsNa, calcd 390.168Found 390.1688

8.44 R)-2-(4 §(1-Acetylpyrrolidin -2-yl)methoxy)-6-methyl-[ 1 ;biph&nyl]-3-

yl)acetic acid((R)-68)
L7 o
o)
(1

Thetitle compound was prepared according to thepdore described in section 8.43
The intermediate rethyl (R)-2-( 4(@-acetylpyrolidin-2-yl)methoxy)}6-methyt 15 1 6
biphenyl}3-yl)acetatewaspreparedrom (R)-64 (113 mg, 0.249 mmol). The crudd

was purified by column chromatography (EtOAc/@bH, 99:1) to yield the
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intermediatecompoundas a yellow oil (74.3 mg, 78%). Charadsation dataof
intermediate  methyl ([R)-2-( 4(@-acetylpyrrolidin2-yl)methoxy)}6-methyt[ 1 ; 1 6
biphenyl}3-yl)acetatewas identical tahe correspondingS-enantiomerdescribed in
section 8.43 The title compound was prepared from the intermediateé (6%, 0.136
mmol) and purified according to the procedure described in section 8 product
(R)-68 was a pale yellow oil (32.2 mg, 50%.haracterisation data was identical to that
of (9-68 except{a]p® +56.5 (c 1.6, CHC}).

8.45 (S)-2-( 4(@-Acetylindolin-2-yl)methoxy)-6-methyl-[ 1 ;biph&nyl]-3-yl)acetic
acid ((9-69)

The title compound was prepared according to the procedure described in section 8.43.
The intermediate gthyl (§-2-( 4(@-acetylindolinr2-yl)methoxy}6-methyt[ 15 1 0
biphenyl}3-yl) acetatewas prepareffom (S-66 (0.120 g, 0.239 mmol). The crude oil
was purified by column chromatography (hexane/EtOAc, 2:1) to yield the intermediate
compoundas a yellow oil (80.8 mg, 79%), as a mixture of denrotamers (3:2 in
CDCk). R 0.26 (hexane/EtOAc, 2:1)gma/cm’ (CDCk cast) 2951, 2925, 1736, 1655,
1608, 1515, 1480y (500 MHz; CDCH4) 8.227.17 (6H, m, 4Ar-H, 6-Ar-H, 7-Ar-H, 2

X 9-Ar-H, 11-Ar-H), 7.15 (1H, d,J = 8.0 Hz, 12Ar-H), 7.10 (1H, s,10-Ar-H), 7.06

(AH, t,J = 7.5 Hz, 5Ar-H), 6.976.84 (2H, m, 2 x 8Ar-H), 5.234.74 (1H, m, 2CH),
4.40-4.00 (1H, m, GHO), 3.93 (1H, tJ = 7.0 Hz, CHHO), 3.69 (3H, s, OHs), 3.61

(2H, s, H,CO,CHz), 3.532.95 (2H, m, 3CH>), 2.44 (3H, s, CO8as), 2.23 GH, s, Ar

CHz); m/z(ES) 452 (M + Na]’, 20%), 430 (M + H]", 50%), 429 M", 55%, 388 M"

- C,HO, 100%; HRMS G7H;NO4Na, calcd $2.1838, found 452.1819The title
compound was preparedom the intermediat€56.9 mg, 0.132 mmol). The crude
productwas purified by column chromatography (EtOAc) to yield the prodpedq as

a yellow oil (17.6 mg, 32%), as a mixture of amide rotamers (7:4 in gD& 0.58
(EtOAC);, [a]p®-53.0 (c 0.2, CHCE); gma/cm* (CDCkcast)3020,2962,2850,1715,
1657,1611, 15901515 Uy (500 MHz; CDC}) 10.57(1H, br s, CGH), 8.197.17 (6H,

165



m, 4-Ar-H, 6-Ar-H, 7-Ar-H, 2 x 9-Ar-H, 11-Ar-H), 7.15 (1H, dJ = 8.0 Hz,12-Ar-H),
7.10 (1H, s10-Ar-H), 7.06 (1H, tJ = 7.5 Hz,5-Ar-H), 6.936.85 (2H, m, 2 »8-Ar-H),
5.26-4.73 (1H, m,2-CH), 4.374.00 (1H, m, GHO), 3.92 (1H, tJ = 8.0 Hz, CHHO),
3.63 (2H, s, E,COH), 3.532.96 (2H, m,3-CH>), 2.45 (3H, s, COHs), 2.23 (3H, s,
Ar-CHs); Uc (150 MHz; CDCk) major rotamer, some AE signals obscured by the -Ar
CH signals,176.6 (CO;H), 169.3 COCH), 157.3 (AkC), 142.1 (ArC), 141.6 (ArC),
134.9 (ArC), 134.7 (ArC), 131.0 (ArCH), 130.8 (AFCH), 130.5 (2 x 9Ar-CH), 128.1
(Ar-CH), 127.9 (AFCH), 125.1 (ArCH), 124.4 (ArCH), 118.4 (ArCH), 114.1 (2 x 8
Ar-CH), 69.0 CH,0), 59.6 (2CH), 40.5 CH,CO:H), 32.3 (3CH,), 23.8 (CQCHa),
20.3 (A-CHs); mvz (ESl) 438 (M + NaJ*, 4099, 416 (M + H]", 100%), 374 M" -
C,HO, 50%); HRMS GgH26NOy4, calcd 416.18B, found 416.1858.

8.46(R)-2-( 4(@-Acetylindolin-2-yl)ymethoxy)-6-methyl-[1 , -Bighenyl]-3-yl)acetic

acid ((R)-69)
2,
/§O O O OH
(@)

The title compound was prepared according to the procedure described in section 8.43.
The intermediate metyl (R)-2-( 4((@-acetylindolinr2-yl)methoxy)}6-methyt[ 15 1 0
biphenyl}3-yl) acetatenas prepared frorfR)-66 (232 mg, 0.463 mmol). The crude oll
was purified by column chromatography (hexane/EtOAc, 2:1) to yield the intermediate
compoundas a yellow oil (170 mg, 86%). Characterisation data ethgi (S)-2-( 4 6
((1-acetylinddin-2-yl)methoxy}6-methyt 1 ;biph&nyl}3-yl) acetatewas identical to

that of the corresponding)-enantiomer described in section 8.4bhe title compound

was preparedrom the intermediatecompound(119 mg, 0.277 mmol). The crude
productwas purifed by column chromatography (EtOAc) to yield the prod&t69 as

a yellow oil (30.4 mg, 26%)Characterisation data was identical to that3g9 except
[a]p® +52.3 (c 1.D, CHCE).
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8.472-(4-((2-Oxocyclopentyl)methyl)phenyl)propanoic acid (oxoprofen) (79)*%

O OH

1 o]
Loxoprofen was prepared based on a procedure reported by Yametkalfar similar
analogues®! ConcentratediCl (24.0 mL) was added to a solution of diesB2 (440
mg, 1.32 mmol) in acetic acid (2mL) and the mixturdeated ateflux for 5 h. After
cooling to t the reaction mixturevas diluted with water (150 mL) arektracted with
CH.Cl; (3 x 100 mL). The organic extracts were combined, washed with brine, dried
(Na&SOy) and solvent removeid vacuoto give the crude product as a yellow oil which
was purifiedby column chromatographyhéxane/EtOAc4:1) to givethe product as a
pale yellow oil 49 mg, 76%). Rr 0.19 (hexane/EtOAc4:1); Uy (500 MHz; CDCY})
7.22 (2H, dJ = 8.0 Hz, 2 x AfH), 7.12 (2H, dJ = 8.0 Hz, 2 x AfH), 3.70 (1H, gJ =
7.0 Hz, GHHCOH), 3.12 (1H, dd.J = 14.0 and 4.0 Hz,-CHCHH), 2.50 (1H, ddJ =
14.0 and 9.5 Hz,-CHCHH), 2.381.50 (7H, m, 1CH, 3 x CH,), 1.49 @H, d,J = 7.0
Hz, CHs); Uc (125 MHz; CDCH#) 220.1 CO), 180.1 CO.H), 139.3 (AkC), 137.7 (Ar
C), 129.3 (2 x AfCH), 127.7 (2 x AfCH), 51.1 (:CH), 44.9 CHCO,H), 38.2 CH.),
35.3 (XCHCH,), 29.3 CH,), 20.6 CH,), 18.2 CHs); m/z (ES) 269 (M + NaJ’,
100%); HRMS GsH1503Na, calcd 269.1154, found 269.1159.

8.481-(Benzo[d][1,3]dioxol-4-yl)-5-bromo-1,2,3,4tetrahydroisoquinolin -8-ol (91)*%

A solution of 2,3(methylene@xy)benzaldehyde (36.4 mg, 0.242 mmol) in acetonitrile

(3 mL) was added to a solution afnine 157 (60.0 mg, 0.202 mmol) in potassium
phosphate buffer (3 mL, 0.5 M, pH Ghder argorandstirred at ® °C for 21 h. The
reaction mixture was concentratiedvacua CHCIl,/CH3;OH (1:1, 10 mL) was added to

the resultant residue and the suspension filtered to remove the solid. The filtrate was
evaporated to dryness under vacuum to gieediude product as a yellow owhich

was purified byprepHPLC (Method 1 r; = 4.4min). Product containing fractions were
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concentrated and eevaporated with methanol3xto give the product as a pale yellow
oil (8.7 mg, 12%).u4 (600 MHz; CD;OD) 7.48 (1H, d,J = 8.5 Hz, 6Ar-H), 6.89 (1H,
dJ= 8. 0-AH),6.8241H,tJ= 8 . 0-ArH), 6.6851H, dJ=18.5Hz, 7Ar-
H), 6.43 (1H,dJ= 8 . 0-AtH), 6.0851H, dJ= 1.0 Hz, OGHO), 6.03 (1H, d,

= 1.0 Hz, OCHHO), 5.90 (1H, s, CH), 3.5:3.28 (2H, m, 3CHy), 3.213.01 (2H, m, 4
CH>); Uc (150 MHz; CD;0D) 155.2 (ArCO), 149.4 (ArCO), 147.6 (AFCO), 134.2 (6
Ar-CH), 133.7 (AkC) , 1 2-Br-CH) ( 6 b 2/8-CH), 1203 §ArC), 118.0 (Ar
C), 115.9 (?Ar-CH), 1142 (Ar-C) , 1 1-Br-CH), 103116(QCH,0), 50.4 (1CH),
38.0 (3CHy), 27.5 (4CH,); m/z(ES) 350 ((3'Br)M + H]*, 95%), 348 ((“Br)M +
H]*, 100%); HRMS C16H1sNOs"Br, calcd348.0235, found 348.0235

8.491-(Benzo[d][1,3]dioxol-5-ylmethyl)-5-bromo-1,2 3,4tetrahydroisoquinolin -8-ol
(92)105

A solution of aldehydd.40f (106 mg, 0.646 mmol) in acetonitrile (8 mL) was added to
a solution of aminel57 (160 mg, 0.538 mmol) ingiassium phosphate ef (8 mL,

0.5 M, pH 6) under argoand stirred at 50C for 21 h. The reaction mixture was
concentratedh vacuo CH,Cl,/CH3;OH (1:1, 10 mL) was added to the resultant residue
and the suspension filtered to remove the solid. Ttraté was evaporated to dryness
under vacuum to give the crude product as a broiyrwhich was purified byrep
HPLC (Method 1 r; = 7.5 min) Product containing fractions were concentrated and c
evaporated with methanol (x8) give the product asgale yellow oil (6.2 mg, 3%)dy
(600 MHz;CD;OD) 7.45 (1H, dJ = 8.5 Hz, 6Ar-H), 6.896 . 8 3 ( 3Ad-H, m5 6 206
Ar-H, 6 -&\r-H), 6.76 (1H, dJ = 8.5 Hz, 7Ar-H), 5.97 (2H, s, 08,0), 4.894.85 (1H,

m, 1-CH), 3.663.59 (1H, m, 3CHH), 3.49(1H, dd,J = 15.0 and 3.5 Hz, -CHCHH),
3.443.38 (1H, m, 3CHH), 3.132.93 (3H, m, iCHCHH, 4-CH); dc (150 MHz;
CDs;OD) 154.9 (ArCO), 149.9 (ArCO), 148.8 (ArCO), 133.8 (ArCH), 132.8 (ArC),
130.4 (ArC), 123.6 (ArCH), 122.7 (ArC), 116.1 (ArCH), 114.6 (ArC), 110.2 (Ar-
CH), 109.8 (ArCH), 102.6 (QCH.0), 54.3 (2CH), 37.5 (ECHCHy), 37.3 (3CH,),
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27.5 (4CH,); m/z(ES) 364 (M(®'Br) + H]*, 10099, 362 {M("Br) + H]*, 100%;
HRMS G7H1/NO5"Br, calcd362.0392, found 362.0370

8.50 2-(4-Hydroxyphenyl)acetaldehyde (107)*?

HO

Tyrosol (500 mg, 3.62 mmol) was dissolved in £ (10 mL) and DMSO (5 mL) and

the solution was cooled td5°C. DIPEA (1.26 mL, 7.24 mmol) was added dropwise
to the stirred reaction mixture at5 °C. A fully dissolved solution of S{pyridine

(.15 g, 7.24 mmol) in DMSO (4 mL) was added to the reaction mixture dropwise over
25 min. The reaction was stirred for 1 h 15 minl&°C andquenched by the addition

of ice cold water (50 mL). The aqueous layer was extracted witlClgkB x 50 mL).

The combined organic extracts were washed with ice cold water (2 x 40 mL), dried
(Na&S(Oy) and solvent evaporated.he residue was eevaporated witlCH,Cl, (3 x 30

mL) to give the crude product as yellow oil, which was purified by column
chromatographyhexane/EtOAc, 3)1to give theproductas a pale yellow oil (211 mg,
43%). The product was stored in degassed acetonitrile (0.5 M3afC. R; 0.40
(hexane/EtOAc2:1 )  (600MHz;CDClk) 9.72 (1H, tJ = 2.5 Hz, GHO), 7.08 (2H,

d,J = 8.0 Hz, 2 X2-Ar-H), 6.83 (2H, dJ = 8.0 Hz, 2 x3-Ar-H), 5.09 (1H, br sPH),

3.62 (2H, d,J = 2.5 Hz, H,CH O) ¢ (150 MHz;CDCk) 200.2 CHO), 155.2 (A
COH), 131.0 (2 X-Ar-CH), 123.8 (ArC), 116.0 (2 x3-Ar-CH), 49.8 CH,CHO); m/z

(C1) 137 (M + H]", 10099; HRMS GHyO,, calcd137.0603found 137.0597

8,51 2-(m-Tolyl)acetaldehyde(140e)'*®

\@/vo
3-Methylphenethyl alcohol (500 mg, 3.59 mmulas dissolved iIDMSO/CHCI, 1:1
(14 mL) and cooled t15°C. DIPEA (1.88 mL, 10.8nmol) was added to the reaction
mixture at-15 °C, followed by a solution of S©pyridine(1.43 g, 8.98 mmol) iIDMSO

(7 mL) ove 15 minand stirredfor 1 hat-15°C. The reaction waguenched by the

addition of ice cold water (40 mL). The aqueous layer was extracted wiBGI£(3 x
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40 mL). The combined organic extracts were washed with ice cold water (5 x 25 mL),
brine (25 ml, dried (NaSQy) and solvent evaporated to give the crpdeduct asa
yellow oil, which was purified by column chromatograpthexane/EtOAc, 95)5to
give theproductas a pale yellow oil (294 mg, 60%R; 0.68 (hexane/EtOAR:1);
(600 MHz;CDCk) 9.74 (1H, tJ = 2.5 Hz, G10), 7.26 (1H, tJ = 7.5 Hz, ArH), 7.12
(1H, d,J = 7.5 Hz, ArH), 7.057.00 (2H, m, 2 x AH), 3.65 (2H, d,J = 2.5 Hz,
CH,CHO), 2.36 (3H, s, B3) ; ¢ (15@IMHz;CDCl) 199.8 CHO), 138.9 (ArC), 131.8
(Ar-C), 130.8 (AFCH), 129.0 (ArCH), 128.3 (ArCH), 126.8 (ArCH), 50.7
(CH,CHO), 21.5 CHs); m/z (Cl) 135 (M + H]*, 100%; HRMS GH,;0, calcd
135.04.0, found 135.0804

[

8.52 3,4-(M ethylenedioxy)phenylacetaldehydé140H) &

o _0

Ay
The title compound was prepared according to the procedure described in section 8.51,
from alcohol 144 (500 mg, 3.01 mmol) The crude producivas purifiedby column
chromatography (hexa&OAc, 85:19 to give theproductas a pale yellow oil (254
mg, 51%). Rr 0.50 hexane/EtOAc2:1); 4 (600 MHz; CDCL) 9.70 (1H, s, €O),
6.80 (1H, dJ = 8.0 Hz, ArH), 6.69 (1H, s, AiH), 6.66 (1H, dJ = 8.0 Hz, ArH), 5.97
(2H, s, O®,0), 3.60 @H, s,CH,CH O) ¢ (150 MHz; CDCls) 199.5 CHO), 148.3
(Ar-CO), 147.1 (ArCO), 125.4 (ArC), 123.0 (AFCH), 110.1 (ArCH), 109.0 (ArCH),
101.4 (QCH,0), 50.3 CH,CHO); m/z(Cl) 165 (M + H]*, 1009%; HRMS GHoOs,
calcd165.0552, found 165.0550

8.531-Ethyl-1,2,3,4tetrahydroisoquinoline-6, 7-diol (1418?°° and 1-Ethyl-1,2,3,4
tetrahydroisoquinoline-7,8-diol (1429

HO

NH NH
HO HO
142a

141a OH

Propionaldehyde (92 pL, 1.27 mmol) was added to a solution of dopamine

hydrochloride (200 mg, 1.05 mmol) in potassium phosphate buffer (10 mL, 0.1 M, pH
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6) and acetonitrile (10 mLyinder argon The solution was stirred at 5Q for 18 h.

The reaction was concentrated under vacuum,GGHCH;OH (1:1, 20mL) was added

to the resultant residue and the suspension filtered to remove the solid. The filtrate was
evaporated to dryness under vacuum to give the crude product as a browiheil
regioisomersvere separated yrepHPLC (Method 1,run time: 10 min, flow rate: 5
mL/min) and appropriatéractions were combined, concentrated anewaporated with
methanol (x3}o givel4laas a pale browail (r; = 1.5 min,156 mg, 77%) and42aas

a pale yellow oil it = 2.6 min, 8.3 mg, 4%).

Major regioisomerl4la dy (500 MHz;CDsOD) 6.67 (1H, s, 8Ar-H), 6.63 (1H, s, 5
Ar-H), 4.334.29 (1H, m, 1CH), 3.563.29 (2H, m, 3CH,), 3.052.87 (2H, m, 4CH,),
2.17-1.88 (2H, m, 1CHCH,), 1.12 (3H, tJ = 7.5 Hz, Gd3); dc (125 MHz; CD;OD)
145.2 (AFCOH), 144.4 (AFCOH), 122.5 (ArC), 122.2 Ar-C), 114.7 (5Ar-CH), 112.4
(8-Ar-CH), 56.4 (xCH), 39.6 (3CH,), 26.4 CHy), 24.2 CH,), 8.5 CH3); m/z(Cl) 194
(IM +H]*, 10%); HRMS Gi1H160:N, calcd194.1181, found 194.1179

Minor regioisomerl42a dy (500 MHz;CDs;0OD) 6.73 (1H, d,J= 8.0 Hz, 6Ar-H), 6.55
(1H, d,J = 8.0 Hz, 5Ar-H), 4.574.51 (1H, m, 1CH), 3.5123.27 (2H, m, 3CH,), 3.04
2.89 (2H, m, 4CH,), 2.251-81 (2H, m, 3CHCH,), 1.11 (3H, tJ = 7.5 Hz, ®3); dc
(125 MHz; CDs0OD) 144.4 (ArCOH), 143.4 (AfrCOH), 123.3 (ArC), 121.1 (ArQ),
120.4 (5Ar-CH), 116.0 (6Ar-CH), 54.8 (:CH), 38.8 (3CHy), 26.1 CH), 25.5 CH)),
10.7 CHs); m/z(CI) 194 (M + H]*, 30%), 164 [M + H]* - C,Hes, 100%9; HRMS
Ci11H1602N, calcd194.1181, found 194.80.

8.54 Pentyl-1,2,3,4tetrahydroisoquinoline-6,7-diol (141b?* and 1-Pentyl-1,2,3,4
tetrahydroisoquinoline-7,8-diol (142h)
HO

NH NH
HO HO

141b OH 142b

The title compounds were prepared according to the procedure described in section
8.53, from dopanme hydrochloride (100 mg, 0.527 mmahd hexanalq7.2 uL, 0.632
mmol). The crude mixture of productseve separated and purified pyepHPLC
(Method 1, run time: 30 m)nto give 141b as a white solidr{ = 17.2 min,92.7 mg,

75%) andl42bas an orangeil (r; = 22.6min, 11.3 mg, 9%).
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Major regioisomerl41lb M.p. 166168 °C (lit?*® 164170 °C, E,0); dy (500 MHz;
CDsOD) 6.64 (1H, s, \r-H), 6.60 (1H, s, BAr-H), 4.364.30 (1H, m, 1CH), 3.51
3.26 (2H,m, 3CH,), 3.022.84 (2H, m, 4CH,), 2.081.81 (2H, m, 1CHCH,), 1.56
1.33 (6H, m, 3 x ©), 0.94 (3H, tJ = 6.5 Hz, Bls); de (125 MHz; CDsOD) 146.7
(Ar-COH), 145.9 (AFCOH), 124.3 (AfC), 123.6 (ArC), 116.2 (5Ar-CH), 113.9 (8
Ar-CH), 56.7 (LCH), 410 (3-CH,), 35.1 (:CHCH,), 32.7 CHy), 26.1 (4CH,), 25.7
(CH,), 23.5 CH,), 14.3 CH3); miz(Cl) 236 (M + H]*, 85%), 164 M + H]" - CsHao,
100%); HRMS Ci4H2,0:N, calcd236.1645, found 236.184

Minor regioisomerl42bi gma/cm* 3039 br, 2961, 2932, 1662, 1617, 1578, 150
(600 MHz;CDs;OD) 6.74 (1H, d,J = 8.0 Hz, 6Ar-H), 6.55 (1H, d,J = 8.0 Hz, 5Ar-H),
4.62 (1H, ddJ = 9.5 and 3.5 Hz,-CH), 3.5:3.28 (2H, m, 3CH.), 3.042.92 (2H, m,
4-CH,), 2.171.80 (2H, m, 1CHCH,), 1.621.47 (2H, m, ICHCH,CH,), 1.451.35 (4H,
m, CH,CH,CHz), 0.94 (3H, t,J = 7.0 Hz, G43); dc (150 MHz; CDsOD) 144.6 (Ak
COH), 143.3 (AFCOH), 123.3 (AfC), 121.3 (ArC), 120.4 (5Ar-CH), 116.0 (6Ar-
CH), 53.4 (:CH), 38.7 (3CHy), 33.0 (:CHCH,), 32.5 CH,), 26.6 (:CHCH,CH,),
25.5 (4CH,), 23.4 CH.), 14.3 CH3); m/z(Cl) 236 (M + H]*, 35%), 164 [M + H]" -
CsHio, 10099; HRMS G4H2,0:N, calcd236.1645, found 236.1644

8.55 10ctyl-1,2,3,4tetrahydroisoquinoline-6,7-diol (1419 and 1-Octyl-1,2,3,4
tetrahydroisoquinoline-7,8-diol (1429
HO

NH NH
141 HO 142
Cc OH (3

The title compounds were prepared according to the procedure described in section
8.53, from dopamine hydrochloride (200 mg, 1.05 mmol) amdanal (218 pL, 1.27
mmol). The mkture of products in % of the crude material weeparated and purified

by prepHPLC (Method 2, Gradient F, flow rate: 8 mL/mito give 141cas a black oil
(rr=17.3 min,168 mg,77%) andlL42cas a yellow oil f = 23.9 min,18.0 mg, 8%).

Major regioisaner 141¢ gma/cm* 3047 br, 2927, 2859, 1669, 1617, 1536, (500
MHz; CDsOD) 6.64 (1H, s, &\r-H), 6.60 (1H, s, BAr-H), 4.354.29 (1H, m, iCH),
3.523.25 (2H, m, 3CH,), 3.0£2.83 (2H, m, 4CH,), 2.071.80 (2H, m, 1CHCH,),
1.551.22 (12H, m, 6 x 6), 0.89 (3H, t,J = 7.0 Hz, G3); dc (125 MHz; CDsOD)

172



146.7 (ArCOH), 145.9 (AFCOH), 124.3 (AfC), 123.7 (ArC), 116.2 (SAr-CH), 113.9
(8-Ar-CH), 56.7 (CH), 41.0 (3CH,), 35.1 CHy), 33.0 CH,), 30.5 CH.), 30.4 CHy),

30.3 CH»), 26.4 CHy), 25.7 (4CH,), 23.7 CH,), 14.4 CH3); m/z(ES) 278 (M +

H]*, 100%), 261[M + H]* - OH, 60%); HRMS Ci7H2sNO,, calcd278.2120, found
278.2124

Minor regioisomerl42c gma/cm* 3320, 3047, 2928, 2852, 1664, 1625, 1506

(500 MHz;CDs0D) 6.73 (1H, d,J = 8.0 Hz, 6Ar-H), 6.54 (1H, d,J = 8.0 Hz, 5Ar-H),

4.644.58 (1H, m, 1CH), 3.5%3.25 (2H, m, 3CH,), 3.032.90 (2H, m, 4CH,), 2.17

1.77 (2H, m, ICHCH,), 1.621.21(12H, m, 6 x G&i,), 0.89 (3H, tJ = 7.0 Hz, G3); dc

(125 MHz; CDs;0OD) 144.6 (ArCOH), 143.3 (ArCOH), 123.4 (AfC), 121.3 (ArC),

120.5 (5Ar-CH), 116.0 (6Ar-CH), 53.4 (1CH), 38.8 (3CH>), 33.1 CH,), 33.0 CH,),

30.4 (CH,), 30.3 (2 XCH>), 26.9 CH>), 25.5 (CH>), 23.7 CH>), 14.4 CH3); m/z(ES)

278 (M +H]", 100%), 261[M + H]* - OH, 4099; HRMS Ci7H,sNO,, calcd278.2120,
found 278.2114

8.561-Cyclopentyl-1,2,3,4tetrahydroisoquinoline-6, 7-diol (141d*'°and 1-
Cyclopentyl-1,2,3,4tetrahydroisoquinoline-7,8-diol (142d)
HO

NH NH
HO HO

141d OH 142d

The title compounds were prepared according to the procedure described in section
8.53, from dopamine hydrochloride (150 mg, 0.791 mmol) and
cyclopentanecarboxaldehyd@&56 mg, 1.58 mmagl The mixtureof products in the

crude material were separated and purified by tBpC (Method 2, Gadient F, flow

rate: 8 mL/min to give 141dasa white solid { = 10.0 min,59.2 mg, 32%) and42das

acolourlessoil (r; = 26.5 min,6.5 mg, 4%).

Major regioisomefidld M.p. 207%-210°C; gma/cmi*3135 br, 2969, 1675, 1612, 1531
dy (600 MHz;CDsOD) 6.69 (1H, s, #\r-H), 6.62 (1H, s, BAr-H), 4.22 (1H, dJ = 8.0
Hz, 1-CH), 3.563.32 (2H, m, 3CH.), 3.022.92 (2H, m, 4CH.), 2.442.35 (1H, m, 1
CHCH), 1.921.60 (64, m, 3 x G,), 1.531.31 (2H, m, ©l,); dc (150 MHz; CDsOD)
146.9 (AFCOH), 145.5 (AFCOH), 124.2 (AfC), 123.6 (AFC), 116.2 (5Ar-CH), 114.8
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(8-Ar-CH), 60.4 (:CH), 44.6 (£CHCH), 39.8 (3CH,), 31.4 CH,), 29.8 CH,), 26.0
(CH,), 25.7 CH,), 25.3 (4CH>); m/z(El) 233 M", 30%), 165 1" - CsHg, 100%;
HRMS G 4H1502N, calcd233.145, found 233.1419

Minor regioisomerl42d gma/cmi* 3063 br, 2969, 2924, 2875, 1668, 1633, 151
(600 MHz;CD5s0D) 6.75 (1H, d,J = 8.0 Hz, 6Ar-H), 6.57 (1H, d,J = 8.0 Hz, 5Ar-H),
4.70 (1H, dJ = 8.5 Hz, ¥CH), 3.643.24 (2H, m, 3CH,), 3.092.94 (2H, m, 4CH,),
2.51:2.41 (1H, m, 1CHCH), 1.961.42 (8H, m, 4 x €>); dc (CD:OD, 150 MHz)
144.7 (AFCOH), 143.8 (AFCOH), 123.8 (AfC), 121.3 (ArC), 120.4 (5Ar-CH), 116.1
(6-Ar-CH), 55.8 (:CH), 44.0 (:CHCH), 38.6 (3CH.), 30.5 CH,), 30.4 CH,), 25.9
(CH»), 25.6 CHy), 24.7 (4CH,); m/z(Cl) 234 (M + H]*, 20%), 164 [M + H]" -
CsHio, 100%; HRMS GiH200:N, calcd234.1494, found 234.1491

8.571-(3-Methylbenzyl)-1,2,3,4tetrahydroisoquinoline-6, 7-diol (1418™* and 1-(3-
Methylbenzyl)-1,2,3,4tetrahydroisoquinoline-7,8-diol (142¢

OH
142e O
The title compounds were prepared according to the procedure described in section
8.53, from dopamine hydrochloride (150 mg, 0.791 mmol) and aldel@(127 mg,
0.949 mmol). The mixture of products in the crude material were separated and purified

by prepHPLC (Method 2, Gradient R0 givel4leas a yellow oil t = 13.0 min,148
mg, 69%) and.42eas a yellow oil it = 29.4 min,6.1 mg, 3%).

Major regioisomerldle M.p. 6064 °C; gma/cmi* 3034 br, 2859, 1667, 1617, 1530

dy (500 MHz;CDsOD) 7.27 (1H,tJ= 7 . 5-AtH),, 7.1870. 07 ( 3AdH, m, 20
4 Ar-H, -Ar-8l), 6.636.59 (2H, m, BAr-H, 8-Ar-H), 4.664.40 (1H, m, 1CH), 3.50

3.20 (3H, m, 3CH,, 1-CHCHH), 3.062.85 (3H m, 4CH,, 1-CHCHH), 2.35 (3H, s,

CHas); dc (125 MHz;CDs;OD) 146.9 (AFCOH), 145.8 (AFCOH), 140.1 (AfC), 136.5

(Ar-C), 131.2 (AFCH), 130.1 (ACH), 129.5 (AFCH), 127.6 (AFCH), 123.7 (2 x Af

C), 116.2 (5Ar-CH), 114.2 (8Ar-CH), 57.8 (:CH), 41.2 CH.), 41.0 CHy), 25.7 (4
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CH,), 21.4 CH3); m/z(Cl) 270 (M + H]", 15%), 164 [M + H]" - CgH1o, 100%;
HRMS C17H2002N, C8.|Cd2701494 found 270.148.

Minor regioisomerl42e gma/cmi* 3063 br, 2945, 2924, 2844, 1672, 1617, 150

(600 MHz;CD;0OD) 7.28 (1H,tJ= 7 . 5-AHH),, & 2 1-Ar(H), A207.33, 20
( 2H, -AmH, 6 \6H), 6.79 (1H, dJ= 8.5 Hz, 6Ar-H), 6.59 (1H, dJ=85Hz, 5

Ar-H), 4.9%.4.85(1H, m, 1-CH), 3.67%3.60 (1H, m, 1ICHCHH), 3.533.23 (2H, m, 3

CH,), 3.052.93 (3H, m, 4CH,, 1-CHCHH), 2.36 (3H, s, €l3); dc (150 MHz;CDs0D)

144.8 (AFCOH), 143.4 (ArCOH), 140.1 (AfC), 137.3 (AFC) , 1 3-Ar-GBl), ( 2 6
130. Ar-CH)5 £29.4 (ArCH), 127.3 (A-CH), 123.4 (ArC), 120.6 (5Ar-CH),

120.4 (ArC), 116.3 (6Ar-CH), 55.0 (:CH), 38.7 (3CH>), 38.1 (:CHCH,), 25.5 (4

CH,), 21.5 CH3); m/z(Cl) 270 (M + H]*, 70%), 164 [M + H]" - CgH1o, 100%;

HRMS Gi7H2002N, calcd270.1494, found 270.188

8.58 (Benzo[d][1,3]dioxol-5-ylmethyl)-1,2,3,4tetrahydroisoquinoline-6, 7-diol
(1419**° and 1-(Benzo[d][1,3]dioxol-5-yImethyl)-1,2,3,4tetrahydroisoquinoline-7,8
diol (1421)

The title compounds were prepared according to the procedure described in section
8.53, from dopamine hydrochlorig@&45 mg, 0.765 mmol) araldehydel40f (150 mg,

0.917 mmol). The mixture of products in the crude material were separated and purified
by prepHPLC (Method 2, Gradient pto give141fasa yellow oil {; = 16.0 min,112

mg, 49%) and42fas a pale yellow oilr(= 23.0 min,6.2 mg, 3%).

Major regioisomerl41f M.p. 6466 °C; gma/cmi® 3018 br, 2859, 1668, 1617, 1531

dy (600 MHz;CDsOD) 6.85 (H,d,J= 1. 5-AHH),,6.8(fH,dJ= 8. 0- Hz,
Ar-H), 6.78 (1H,dd,J= 8 . 0 a n dAr-H), 654661 (2H, & 5Ar-H, 8-Ar-H),

5.97 (2H, s, O8;0), 4.624.58 (1H, m, iCH), 3.523.45 (1H, m, 3CHH), 3.40 (1H,

dd,J = 14.5 and 5.5 Hz,-CHCHH), 3.293.23 (1H, m, 3CHH), 3.042.88 (3H, m, 4

CH,, 1-CHCHH); dc (150 MHz; CD3OD) 149.9 (ArCO), 148.8 (ArCO), 146.9 (Ar
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CO), 145.8 (ArCO), 130.1 (AfC) , 1 2-Ar-CH), 1¢366d2 x ArC), 116.2 (ACH),
114.1 (ArFCH) , 1 1-A&-CB) ,( 2 D 0-A-CH), 1025%&QCH,0), 57.8 (1CH),
40.9 (3CH,, 1-CHCH,), 25.7 (4CH.); m/z(ESl) 300 (M + H]*, 100%), 283[M +
H]* - OH, 80%), 164 [M + H]" - CgHsO,, 100%); HRMS C;7H1gNQy, calcd300.1236,
found 3001221

Minor regioisomer42f gma/cmi* 3029 br, 167, 1625 dy (600 MHz; CDsOD) 6.88
6. 83 ( 3AHH, -6, @-@r-H),6.79 (1H, dJ= 8.0 Hz, 6Ar-H), 6.59 (1H, d,
J = 8.0 Hz, 5Ar-H), 5.96 (2H, s, 08,0), 4.85 (1H, ddJ = 10.5 and 3.0 Hz,-CH),
3.593.48 (2H, m, 3CHH, 1-CHCHH), 3.333.24 (1H m, 3CHH), 3.052.92 (3H, m,
4-CHy, 1-CHCHH); dc (150 MHz;CDs;OD) 149.9 (ArCO), 148.7 (ArCO), 144.8 (Ar
CO), 143.3 (ArCO), 130.9 (ArC), 123.6 (ArCH), 123.3 (ArC), 120.6 (5Ar-CH),
120.3 (ArC), 116.3 (6Ar-CH), 110.3 (ArCH), 109.7 (AkCH), 102.5(OCH,0), 55.1
(1-CH), 38.6 (3CHy), 37.8 (:CHCHy), 25.5 (4CH,); m/z(ES) 300 (M + H]", 40%),
164 (M +H]" - CgHgO2, 100%); HRMS C;7H1gNO;, calcd300.1236, found 300.1236

8.593,4-(M ethylenedioxy)phenethyl alcoho(144)**

0 OH

SO
A solution of 3,4(methylenedioxy)phenylacetic acid (2.00 g, 11.1 mmol) in THF (50
mL) was added slowly to a gently stirred solution of lithium aluminium hydride in THF
(1M, 24.4 mL, 24.4 mmolat 0°C and stirredat 1t for 5 h The reaction mixture was
cooled to 0°C andquenched witlwater (25 mL). EtOAc (100 mL) was addadd the
mixture wasfiltered to remove the solids. The solids were washed with EtOAc (3 x 50
mL). The combined organic eattts were washed with brine (40 mL), dried (MgpO
and solvent removeth vacuoto yield the productas a pale yellow oil (1.77 g, 96%)
which was used without further purificationR; 0.2 (hexane/EtOAc2:1); 4 (300
MHz; CDCl) 6.82-6.65 (3H, m, 3 x AH), 5.93 (2H, s, 0H,0), 3.81 (2H,tJ=6.5
Hz, CH,OH), 2.78 (2H, tJ = 6.5 Hz, G4,CH,OH); m/z(Cl) 166 (M*, 20%), 149" -
OH, 100%); HRMS GH;(0s3, calcd166.080, found 166.0623
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8.601-Propyl-1,2,34-tetrahydroisoquinoline-6, 7-diol (1458%°° and 1-Propy!-
1,2,3,4tetrahydroisoquinoline-7,8-diol (1469
HO

HO NH HO NH
145a 146a
OH

The title compounds were prepared according to the procedure deseribedtion
8.53, from dopamine hydrochlorid200 mg, 1.05 mmol) andubyraldehyde (114 pL,
1.27 mmol) The mixture of products in the crude material were separated and purified
by prepHPLC (Method 2, GadientA) to give 145aas a pale brown solidi(= 17.8

min, 99.0 mg, 45%) and46aas a pale yellow oilr{(= 30.4min, 7.65 mg, 3%).

Major regioisomerl45a M.p. 193195°C; dy (600 MHz;CDsOD) 6.65 (1H, s, 8\r-
H), 6.61 (1H, s, BAr-H), 4.374.32 (1H, m, 1CH), 3.543.28 (2H, m, 3CH,), 3.022.87
(2H, m, 4CH), 2.051.81 (2H, m, 1CHCH,), 1.591.47 (2H, m, ICHCH,CH,), 1.05
(3H, t,J = 7.5 Hz, ®3); dc (150 MHz; CDsOD) 146.7 (ArCOH), 145.9 (AFrCOH),
124.2 (ArC), 123.5 (ArC), 116.2 (5Ar-CH), 113.8 (8Ar-CH), 56.4 (:CH), 40.9 (3
CH,), 37.3 (:CHCH,), 25.7 (4CH,), 19.8 (:CHCH,CH,), 14.1 CHs); m/z(Cl) 208
(IM +H]*, 50%), 131 [M + H]" - CsHeOs, 40%; HRMS Gi;H1sNO,, calcd208.1338,
found 208.1331

Minor regioisomerl46a gma/cni 3330 br, 3047, 2813, 1665, 1633, 1586, 150G

(600 MHz;CDs0OD) 6.74 (1H, d,J = 8.0 Hz, 6Ar-H), 6.55 (1H, d,J = 8.0 Hz, 5Ar-H),

4.63 (1H, ddJ = 9.5 and 3.5 Hz,-CH), 3.5:3.28 (2H, m, 3CH.), 3.042.92 (2H, m,
4-CHy), 2.131.80 (2H, m, 1ICHCH,), 1.651.47 (2H, m, ICHCH,CH,), 1.03 (3H, t,J

= 7.5 Hz, Gds); dc (150 MHz;CDsOD) 144.6 (AFCOH), 143.3 (AFCOH), 123.2 (Af

C), 121.2 (AFC), 120.4 (5Ar-CH), 116.0 (6Ar-CH), 53.1 (:CH), 38.7 (3CH,), 35.2
(1-CHCH,), 25.4 (4CH,), 20.3 (:CHCH,CH,), 14.0 CHz); m/z(Cl) 208 (M + H]",

45%), 164 [M + H]" - CsHg, 40%); HRMS Ci;Hi1gNO,, calcd 208.1338, found
208.1331
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8.61 1-Butyl-1,2,3,4tetrahydroisoquinoline-6, 7-diol (145b)*° and 1-Butyl-1,2,3,4
tetrahydroisoquinoline-7,8-diol (146h)
HO

HO NH HO NH
145b 146b
OH

The title compounds were prepared according to the procedure described in section
8.53, from dopamine hydrochlorid@00 mg, 1.05 mmol) andaleraldehyde (135 pL,

1.27 mmol) The mixture of products in the crude material were separated and ghurifie
by prepHPLC (Method 2, Gradient A, run time: 50 nito give 145bas a pale brown

solid (i = 22.5min, 193 mg, 83%) and46b as a pale yellow oilr{ = 31.7 min, 11.4

mg, 5%).

Major regioisomen45b M.p. 185186°C; dy (600 MHz;CDs;OD) 6.65 (1H, s8-Ar-
H), 6.61 (1H, s, BAr-H), 4.364.32 (1H, m, 1CH), 3.543.28 (2H, m, 3CH.), 3.032.87
(2H, m, 4CH,), 2.091.84 (2H, m, 1CHCH,), 1.531.39 (4H, m, E&,CH>CHs), 0.99
(3H, t,J = 7.0 Hz, ®3); dc (150 MHz; CDsOD) 146.7 (ArCOH), 145.9 (ArCOH),
124.2(Ar-C), 123.6 (ArC), 116.2 (5Ar-CH), 113.8 (8Ar-CH), 56.6 (:CH), 41.0 (3
CH,), 34.8 (1CHCH,), 28.6 CH,), 25.7 (4CH,), 23.6 CH,), 14.2 CHs); m/z(Cl) 222
(IM + H]", 80%), 164 [M + H]* - CsH10, 85%), 131 [M + H]" - C4H110,, 40%;
HRMS Gi3H20NO,, calcd222.1494, found 222.940.

Minor regioisomerl46b gma/cm® 3047 br, 2962, 2875, 1664, 1625, 1586, 1500
(600 MHz;CDs;0D) 6.74 (1H, d,) = 8.0 Hz, 6Ar-H), 6.55 (1H, d,) = 8.0 Hz, 5Ar-H),
4.62 (1H, ddJ = 9.5 and 3.5 Hz,-CH), 3.513.28 (2H, m, 8CH,), 3.042.92 (2H, m,
4-CH,), 2.191.80 (2H, m, 1CHCH>), 1.591.37 (4H, m, €1,CH,CHs), 0.98 (3H, tJ =
7.5 Hz, (H3); dc (150 MHz;CD;0D) 144.6 (ArCOH), 143.3 (AfrCOH), 123.3 (AfC),
121.3 (ArC), 120.4 (5Ar-CH), 116.0 (6Ar-CH), 53.8 (:CH), 38.7 (3CHy), 32.7 (%
CHCHy), 29.1 CHy), 25.5 (4CH>), 233 (CH2), 14.0 CHs); m/z(Cl) 222 ([M + H]",
95%), 164 [M + H]" - C4Hio 100%; HRMS GaH2NO,, calcd 222.1494, found
222.1488

178



8.621-Hexyl-1,2,3,4tetrahydroisoquinoline-6,7-diol (1459*'® and 1-Hexyl-1,2,3,4
tetrahydroisoquinoline-7,8-diol (1469*'®
HO

NH NH
HO 145¢ HO 146¢
OH

The title compounds were prepared according to the procedure described in section
8.53, from dopamine hydrochlorid€00 mg, 1.05 mmol) and dptanal (177 pL, 1.27
mmol). The mixture of products in the crude material were separated and purified by
prepHPLC (Method 2, GadientF) to give145cas a pale brownil (r; = 18.2min, 225

mg, 86%) and.46cas a pale yellow oilr(= 28.8min, 25.1 mg, 10%).

Major regioisomerl45¢c dy (600 MHz;CDsOD) 6.65 (1H, s, #Ar-H), 6.61 (1H, s, 5
Ar-H), 4.364.32 (1H, m, 1CH), 3.543.28 (2H, m, 3CH,), 3.022.86 (2H, m, 4CH.),
2.07-1.83 (2H, m, 1CHCH,), 1.551.33 (8H, m, 4 x €), 0.93 (H, t, J = 7.0 Hz,
CHs); dc (150 MHz; CD;OD) 146.7 (ArCOH), 145.9 (AFCOH), 124.2 (ArC), 123.6
(Ar-C), 116.2 (5Ar-CH), 113.8 (8Ar-CH), 56.7 (:CH), 41.0 (3CH.), 35.2 (&
CHCH,), 32.8 CH.), 30.0 CH>), 26.5 CH.), 25.7 (4CHy), 23.4 (CH,), 14.3 CHa);
m/z(ES) 250 (M + H]*, 100%; HRMS CisH.4NO,, calcd 250.1807, found 250.1809

Minor regioisomerl46¢ dy (600 MHz;CDs0OD) 6.74 (1H, dJ = 8.0 Hz, 6Ar-H), 6.55
(1H, d,J= 8.0 Hz, 5Ar-H), 4.61 (1H, ddJ = 9.5 and 3.5 Hz,-CH), 3.513.28 (2H, m,
3-CH>), 3.032.92 (2H, m, 4CH,), 2.171.79 (2H, m, 1CHCH,), 1.6%+1.27 (8H, m, 4 x
CHy), 0.91 (3H, tJ = 7.0 Hz, G43); dc (150 MHz; CD3OD) 144.6 (ArCOH), 143.3
(Ar-COH), 123.2 (AfC), 121.2 (ArC), 120.4 (5Ar-CH), 116.0 (6Ar-CH), 53.4 (1
CH), 38.7 (3CHy), 33.0 (:CHCHy), 32.7 CH>), 30.0 CHy), 27.0 CH.,), 25.4 (4CH,),
23.6 (CH>), 14.3 CH3); m/z(ES) 250 (M + H]*, 100%), 233[M + H]" - OH, 90%;
HRMS C;5H24NO;, calcd250.1807, found 250.1810

8.631-Heptyl-1,2,3,4tetrahydroisoquinoline-6,7-diol (145d) and 1-Heptyl-1,2,3,4
tetrahydroisoquinoline-7,8-diol (1460

HO
NH NH
HO HO

145d 146d
OH
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The title compounds were prepared according to the procedure described in section
8.53, from dopamine hydrochlorid200 mg, 1.05 mmol) andctanal (198uL, 1.27

mmol). The mixture of products in the crude material were separated and purified by
prepHPLC (Method 2, GadientD) to give1l45das a yellow oil t = 22.8 min,238 mg,

85%) andl46das a yellow oil §; = 33.3 min,30.9 mg, 11%).

Major regioisoner 145¢ gma/cm® 2929, 2875, 1664, 1625, 1519 (600 MHz;

CDs;OD) 6.65 (1H, s, #r-H), 6.61 (1H, s, BAr-H), 4.364.32 (1H, m, 1CH), 3.53

3.28 (2H, m, 3CH,), 3.022.86 (2H, m, 4CH,), 2.9%1.83 (2H, m, 1CHCH,), 1.55

1.28 (10H, m, 5 x €), 0.91 (3H, tJ = 7.0 Hz, GH3); dc (150 MHz; CDsOD) 146.7
(Ar-COH), 145.9 (ArCOH), 124.3 (AfC), 123.6 (ArC), 116.2 (5Ar-CH), 113.8 (8

Ar-CH), 56.7 (:CH), 41.0 (3CHy), 35.2 (:CHCH,), 32.9 CH.), 30.5 CH,), 30.2
(CHy), 26.4 CH,), 25.7 (4CHy), 23.7 CH,), 14.4 CH3); m/z(Cl) 264 (M + H]",

100%), 164 [M + H]" - C/His, 60%); HRMS GHzeNO,, calcd 264.1964, found
264.1967

Minor regioisomerl46a gma/cm® 3031 br, 2969, 2928, 2852, 1662, 1578, 1500
(600 MHz;CDs;0D) 6.74 (1H, d,) = 8.0 Hz, 6Ar-H), 6.55 (1H, d,) = 8.0 Hz, 5Ar-H),
4.61 (1H, ddJ = 9.5 and 3.5 Hz,-CH), 3.513.28 (2H, m, 3CH,), 3.042.92 (2H, m,
4-CHy), 2.171.79 (2H, m, 1CHCH,), 1.6%1.27 (10H, m, 5 x €,), 0.91 (3H, tJ=7.0
Hz, CHs); dc (150 MHz; CDsOD) 144.6 (AkCOH), 143.4 (ArCOH), 123.2 (AfC),
121.2 (ArC), 120.4 (5Ar-CH), 116.0 (6Ar-CH), 53.4 (XCH), 38.7 (3CHy), 33.0 (%
CHCHy), 32.9 CH,), 30.3 CH>), 30.2(CHy), 27.0 CH,), 25.5 (4CH.), 23.7 CH>),
14.4 CH3); m/z(Cl) 264 (M + H]*, 100%), 164 [M + H]" - C;H1s 509%); HRMS
Ci6H26N O, calcd264.1964, found 264.1962

8.64 2(3-Methoxyphenyl)ethan1-amine (149**®

MeO_ % NH,
o
5
To astirred solution of 3methoxyphenylacetonitrile (2.50 g, 17.0 mmol) in THF (35
mL) at 0°C, was addec 1 M borane tetrahydrofuran complewlution in THF(42.5
mL, 42.5 mmol) and the reaction mixture was giaty allowed to warm to rt. After 24

h, the reaction was coole 0 °C and methanol (50 mL) was added dropwis&he
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resulting clearsolution was stirred att rovernight and concentratdd vacuo The
residue was cevaporated with ethanol(3 x 20 mL), and the resulting crude product
was purified by column chroatography (gradient of-55% CHOH (+1% EtN) in
CH.ClL) to yield the product as a pale yellow oil (2.44 g, 95%R: 0.16
(CH.Cl/CHsOH(+1% EgN), 4:1); gma/cmi' (CDCk cast) 29372836,158; 4 (500
MHz; CDCk) 7.22 (1H, tJ = 7.5 Hz,5-Ar-H), 6.836.72 (3H, m,2-Ar-H, 4-Ar-H, 6-
Ar-H), 3.80 (3H, s, OB3), 2.96 (2H, tJ = 6.5 Hz, G1:N), 2.72 (2H, t,J = 6.5 Hz,
CH,CH;N), 1.28 (2H, br s, N2) : ¢ (125iMHz; CDCk) 159.8 (AFCO), 141.6 (ArC),
129.5 B-Ar-CH), 121.3 (ArCH), 114.7 p-Ar-CH), 111.5 (ArCH), 55.2 (QCHa3), 43.5
(CH2N), 40.3 CH2CH,N).

8.65 2(3,5-Dimethoxyphenyl)ethan-1-amine (150 **

2

MeO NH,
:@/\/

OMe
The title conpound was prepared according to the procedure described in section 8.64,
from (3,5-dimethoxyphenyl)acetonitrile (700 mg, 3.95 mmalpd a 1 M borane
tetrahydrofuran complegolution in THF(11.9 mL, 11.9 mmol).The crude yellow oil
was purified by columnchromatography@GH,Cl,/CH3OH(+1% EgN), 9:1) to give the
productas a pale yellow oil (584 mg, 82%IR; 0.24 CH,Cl,/CH3;OH(+1% E&N), 9:1);
Uy (500 MHz;CDCl) 6.36 (2H, d J = 2.0 Hz,2 x 2-Ar-H), 6.32 (1H, tJ = 2.0 Hz,4-
Ar-H), 3.78 (6H, s, 2 x OB3), 2.96 (2H, tJ = 6.5 Hz, G42N), 2.69 (2H, tJ = 6.5 Hz,
CH2CHN), 1.51 (2H, br s, N2) ; ¢ (12%1MHz;CDCk) 160.9 (2 x AfC), 142.2 (Ar
C), 107.0 (2 x2-Ar-CH), 98.2 @-Ar-CH), 55.3 (2 x @Hs3), 43.4 CH2N), 40.0
(CH2CH,N); m/z(Cl) 182 (M + H]", 4099, 165 (M + H]" - NH3, 1009%9; HRMS
Ci10H1602N calcd 182.1176found 182.1167

8.662-(2-Bromo-5-methoxyphenyl)ethan1-amine (151)*>2

6

MeO NH,
| OO

3 r
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The title compound was prepared followia literature procedure with modifications to
the workup*? A solution of anine 149 (1.50 g, 9.92 mmol) in glacial acetic acid (21
mL) was treated with a solution of bromi(@56 mL, 10.9 mmol) in acetiacid (8.
mL) over 45 min at-15 °C. After stirring for a further 5 min,he resulting orange
solution wastreated withEt,O (80 mL) and cooled to C. The product did not
precipitate from the solution, so water was added (80 mL) and the aqueoes phas
separated The organic phase waxtracted wih water (2 x 8 mL). Thecombined
agueousextracts were washed wilt,O (2 x © mL). The aqueous phase waguated

to pH 10 by addition of M NaOH and extracted with CECl, (3 x 1% mL). The
combined oganic extracts were dried (Mg®Cand solvent removenth vacuoto yield
the product as a pale yellow oil (2.00 g, 88%)hich was used without further
purification. gma/cmi* (CDClk cast)2934,2836, 15941571 (500 MHz; CDCl)
7.42 (1H, dJ= 8.5Hz, 3-Ar-H), 6.78 (1H, d,J = 3.0 Hz,6-Ar-H), 6.64 (1H, ddJ = 8.5
and 3.0 Hz4-Ar-H), 3.77 (3H, s, O83), 2.96 (2H, tJ = 7.0 Hz, G:N), 2.84 (2H, tJ

= 7.0 Hz, G,CHzN), 1.25 (2H, br s, N2) ; ¢ (1285 MHz; CDCl) 159.0 (ArCO),
140.2 (ArC), 133.5 B-Ar-CH), 116.7 6-Ar-CH), 115.2 (AkCBr), 113.5 @-Ar-CH),
55.5 (3H, s, @Hs3), 42.2 CHN), 40.6 CH,CH,N).

8.672-(2-Bromo-3,5-dimethoxyphenyl)ethan1-amine (1523

MeO_ 2 NH,

Br
OMe

The ttle compound was prepared according to the procedure described in section 8.66,
from aminel50 (245 mg, 1.35 mmol). fe crude yellow oilwas purified by colunm
chromatography (CHCl,/CH3OH(+1% EgN), 9:1). The first product elutedas the di
brominatedcompound 22,6-dibromo-3,5-dimethoxyphenyl)ethaf-aminé>® as a pale
yellow oil (138 mg) n (B00 MHz; CDC}) 6.41 (1H s, Ar-H), 3.88 (6H, s, 2 x OR3),
3.393.20 (2H, m, Ei:N), 2.982.88 (2H, m, G,CH,N), 2.22 (2H, br s, M,). The
secondproducteluted was thenono-brominated product52 as a pale yellow 0{150

mg, 34%) R: 0.34 (CHCL/CH:OH(+1% EtN), 4:1); gma/cmi* (CDCl; cast) 2938,

2844, 1584 (5G40 MHz;CDCl) 6.43 (1H, dJ = 2.5 Hz, ArH), 6.37 (1H,dJ=2.5

Hz, Ar-H), 3.86 (3H, s, O83), 3.80 (3H, s, O83), 3.082.90 (4H, m, &,CH2N), 2.01

182



(2H, br s, NHy) ; ¢ (12% MHz;CDCk) 159.6 (ArCO), 156.9 (ArCO), 140.8 (ArC),
107.3 (AFCH), 105.0 (ArCBr), 97.9 (ArCH), 56.4 (GCHs), 55.6 (GCHs), 41.9
(CH2N), 40.4 CH,CH:N):; m/z(ESI) 262 ((®'B)M + H]*, 30%9, 260 (("*BNM + H]",
35%), 245 ((®'Br)M + H]* - OH, 100%; HRMS CioHi50:N"Br, calad 260.0286,
found 260.0264.

8.682-(2-Bromo-4,5-dimethoxyphenyl)ethan1-amine (153 *>*

MeO_ > NH,
MeOI,J:(Br\/
The title compound was prepared according to the procedure described in section 8.66,
from 2-(3,4-dimethoxyphenyl)ethat-amine(1.80 g, 9.93 mmol). Ae crudebrown oil
waspurified bycolumn chromatographyCH.Cl,/CH;OH(+1% EgN), 9:1) to yield the
product as a yellow 0i{(1.12 g, 43%). Rs 0.33 CH.Cl/CH;OH(+1% EgN), 4:1);
Oma/Cm* (CDChcast)2 934, 2844, 1 61{500MHz;6IKE)6.961(BH0 7 ;
s, 3Ar-H), 6.74 (1H, s, 6Ar-H), 3.85 (3H, s, OH), 3.84 (3H, s, 083), 2.95 (2H, tJ
= 7.0 Hz, ®1,N), 2.82 (2H, t,J = 7.0 Hz, G,CH,N), 1.43 (2H, br s, No) ; ¢ (125
MHz; CDClL) 148.4 (ArCO), 148.2 (ArCO), 131.1 (ArC), 115.8 (3Ar-CH), 114.4
(Ar-CBr), 113.5 (6Ar-CH), 56.2(2 x OCH3), 42.4 CH,N), 39.9 CH.CH,N); m/z(Cl)
262 ((®*B)M + H]*, 9099, 260 (("*Br)M + H]*, 100%; HRMS GyoH1s0.N"*Br, cala
260.0286found 260.0283

8.692-(3-Hydroxyphenyl)ethan-1-amine hydrobromide (155'%

HO_ A NH,
:@6/\./H8r
5

A solution of 1 M lmwron tribromidein CH,Cl, (10.2 mL, 10.2 mmol) was added to a
stirred solution oBmine149 (700 mg, 4.63 mmol) in CKCl, (20 mL) at-78 °C. The
reaction wasvarmedto 1t and stirredfor 24 h. The reaction wathencooledto 0°C
and guenched by addition afethanol(40 mL). The solution was stirred dtfor 3 h
and thenconcentratedn vacuoto give a brown oil. Further nethanol (20 mL) was

added to the oil, and solvent evaporated. Was repeated until no white fumes wer
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observed upon addition of methantd, give the product as a pale brown solid as the
hydrobromide salt (899ng, 8%6). M.p. 102104 °C (lit*** 102.5103°C, EtOH) ; 4 U
(600 MHz; C[xOD) 7.16 (1H, tJ= 7.5 Hz,5-Ar-H), 6.73 (1H, dJ = 7.5 Hz,6-Ar-H),
6.726.68 (2H, m2-Ar-H, 4-Ar-H), 3.15 (2H, tJ = 8.0 Hz, G4,N), 2.88 (2H, tJ = 8.0

Hz, CH,.CHuN ) ;¢ (1500MHz; CROD) 159.1 (ArCOH), 139.3 (AfC), 131.0 (Ar

CH), 120.7 (AFCH), 116.6 (ArCH), 115.2 (ArCH), 41.9 CH2N), 34.5 CH,CH;N);
m/z(Cl) 138 (M + H]*, 70%, 121 (M + H]" - OH/NHs;, 100%; HRMS GH1,0N,
calcd 138.0919, found 138.0912

8.702-(3,5-Dihydroxyphenyl)ethan-1-amine hydrobromide (156)**?

HO.__A NH,
j©/\/_HBr
OH

The title compound was prepared according to the procedure described in section 8.69,
from aminel50 (300 mg, 1.66 mmol) and 1 Mobon tribromidein CH,Cl, (4.97 mL,
4.97 mmol) The product was isolated as orange solid asehydrobromide salt (390
mg, 10@6). M.p. 124126°C; 4 (500 MHz;CD3;OD) 6.20 (2H, dJ = 2.0 Hz, 2 x2-
Ar-H), 6.18 (1H, tJ = 2.0 Hz,4-Ar-H), 3.12 (2H, tJ= 7.5 Hz, G4,N), 2.80 (2H, tJ =
7.5 Hz, GH,CH:N) ; ¢ (1251 MHz; CDsOD) 160.0 (2 x ArCOH), 139.9 (ArC), 108.1
(2 x2-Ar-CH), 102.4 4-Ar-CH), 41.9 CH:N), 34.6 CH,CH,N).

8.71 2-(2-Bromo-5-hydroxyphenyl)ethan-1-amine hydrobromide (157)*°

HO_ A NH,
:@i'r\/.HBr
The title compound was g@pared according to the procedure described in section 8.69,
from aminel51 (2.00 g, 8.69 mmol) and 1 Mobon tribromidein CH,Cl, (19.1 mL,
19.1 mmol) The productwvas isolated aa pale brown solid as the hydrobromide salt
(2.40 g, 93%). M.p. 162:172°C (decomposed);gma/CMi* 334§ 292 4, (5005 8 8 ;
MHz; CDsOD) 7.36 (1H, d,J = 8.5 Hz, 3Ar-H), 6.79 (1H, dJJ= 3.0 Hz, 6Ar-H), 6.65
(1H, dd,J = 8.5 and 3.0 Hz, #r-H), 3.203.11 (2H, m, E:N), 3.052.97 (2H, m,
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CH.CH:N ) ¢ (125UMHz; CROD) 1588 (Ar-COH), 138.0 (AC), 134.9 (3Ar-CH),
119.0 (BAr-CH), 117.4 (4Ar-CH), 113.7 (ArCBr), 40.4 CH-N), 35.0 CH,CHN).

8.72 2-(2-Bromo-4,5-dihydroxyphenyl)ethan-1-amine trifluoroacetic acid salt (158

HO NH,

m.TFA
OH

The title compoud was prepared according to the procedure described in section 8.69,
from aminel52 (140 mg, 0.538 mmol) and 1 Molon tribromidein CH,Cl, (1.61 mL,
1.61 mmol) The crudeblack oil waspurified by prepHPLC (Method 2, GadientB,
run time: 30 min, = 14.6 min to yield theproductas a yellow oil as the TFA sqt10
mg, 59%) (360 MHz;CD;0OD) 6.36 (1H, dJ= 2.5 Hz, ArH), 6.32 (1H, dJ=2.5
Hz, Ar-H), 3.283.08 (2H, m, EI;N), 3.052.95 (2H, m, Gl,CH,N ) ; ¢ (15Q0MHz;
CD;0D) 159.0 (AFCOH), 1567 (Ar-COH), 138.6 (AfC), 110.1 (ArCH), 103.4 (AF
CH), 102.4 (ArCBr), 40.4 CH:N), 35.3 CH,CH.N); m/z(Cl) 234 ((*'Br)M + H]*,
100%), 232 ((“Br)M + H]*, 99%); HRMS GH1:NO,"Br, calcd 231.9973, found
231.9973.

8.73 2-(2-Bromo-4,5-dihydroxyphenyl)ethan-1-amine hydrobromide (159**®

HO_ A NH,
I:(\/.HBr

HO 9 Br
The title compound was prepared according to the procedure described in section 8.69,
from aminel53 (655 mg, 2.52 mmol) and 1 Mobon tribromidein CH,Cl, (7.55 mL,
7.55 mmo). The prodet was isolated as @ale brown solid as the tdgobromide salt
(716 mg,n (6DQ M#Hz,.CDOD) 6.97 (1H, s, Ar-H), 6.77 (1H, s, éAr-H),
3.123.07 (2H, m, €i2N), 2.962.90 (2H, m, G1,CH;N ) ;¢ (150iMHz;CD;0OD) 147.0
(Ar-COH), 146.7 (AFrCOH), 127.7 Ar-C), 120.4 (3Ar-CH), 118.4 (6Ar-CH), 113.3
(Ar-CBr), 40.7 CH2N), 34.3 CH,CH2N); m/z(ES) 234 ((®'Br)M + H]*, 95%), 232
([(°Br)M + H]*, 100%); HRMS GsH1:NO, *Br, calcd 231.9973, found 231.9978.

185



8.741-Pentyl-1,2,3,4tetrahydroisoquinolin-6-ol (160) and 1-Pentyl-1,2,3,4
tetrahydroisoquinolin-8-ol (161)
HO
NH NH

1 161
60 OH 6

The title compounds were prepared according to the procedure described in section
8.49, from aminel55 (150 mg, 0.688 mmol) andekanal (126 pL, 1.03 mmoal) The

crude mixture of products eve separated and purified lpyepHPLC (Method 2,
Gradient A run time:30 min) to givel60as a pale yellow oilr{ = 24.5min, 121 mg,

81%) andl61as a pale yellow oilr{=28.8min, 17.3 mg, 12%).

Major regioisomerl60 gma/cm* 3031 br, 2958, 2927, 2867, 1668, 1617, 1523
(600 MHz;CD;0OD) 7.10 (1H, d,J = 8.5 Hz, 8Ar-H), 6.72 (1H, ddJ = 8.5 and 2.5 Hz,
7-Ar-H), 6.64 (1H, dJ = 2.5 Hz, 5Ar-H), 4.424.38 (1H, m, 1CH), 3.553.31 (2H, m,
3-CH,), 3.102.95 (2H, m, 4CH,), 2.161.84 (2H, m, 1CHCH,), 1.551.35 (6H, m, 3 X
CHy), 0.94 (3H, tJ = 7.0 Hz, (H3); dc (150 MHz; CD;OD) 156.8 (AFrCOH), 132.4
(Ar-C), 127.2 (8Ar-CH), 122.6 (ArC), 114.5 (5Ar-CH), 114.2 (¥Ar-CH), 55.2 (&
CH), 39.1 (3CHy), 33.5 (:CHCHy), 31.2 CHy), 24.8 (4CH,), 24.5 CH,), 21.9 CH,),
12.7 CHs); m/z(CI) 220 (M + H]*, 80%), 148 [M + H]" - CsHi,, 2099; HRMS
C14H22NO, calcd220.1701, found 220.1706

Minor regioisomerl6L gma/cni® 3039 br, 2961, 2930, 2867, 1667, 1633, 159
(600 MHz;CD3OD) 7.11 (1H, tJ = 8.0 Hz, 6Ar-H), 6.726.68 (2H, m, BAr-H, 7-Ar-
H), 4.60 (1H, ddJ = 9.5 and 3.5 Hz,-CH), 3.553.32 (2H, m, 3CH.), 3.123.00 (2H,
m, 4CH,), 2.141.79 (2H, m, 1CHCH,), 1.621.34 (6H, m, 3 x €l,), 0.94 (3H, tJ =
7.0 Hz, H3); dc (150 MHz; CDsOD) 155.3 (ArCOH), 133.5 (AfC), 129.8 (BAr-
CH), 121.1 (ArC), 120.8 (ArCH), 114.1 (ArCH), 53.1 (2CH), 38.3 (3CH>), 33.0 (&
CHCH,), 32.5 CH,), 26.7 CH,), 25.9 (4CH,), 23.5 CH.), 14.3 CH3); m/z(Cl) 220
(M + H]", 3099, 148 (M + H]" - CsH1p, 100%9; HRMS G4H»:NO, calcd220.1701,
found 220.1698
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8.75 5Bromo-1-pentyl-1,2,3,4tetrahydroisoquinolin-8-ol (162)
Br

NH

OH

Hexanal (490 pL, 0.404 mmol) was added to a solution of ami®& (100 mg, 0.337
mmol) in potassium phosphate buffer (5 mL, 0.5 M, pHaéd acetonitrile (5 mL)
under argon The solution wastirred at 50°C for 18 h Hexanal (210 pL, 0.169
mmol) was added to the reaction mixture and stirred 4C50r 5 h. The reaction was
concentreéed under vacuum. CGIEI,/CH;OH (1:1, 15 mL) was added to the resultant
residue and the suspension filtered to remove the solid. The filtrate was evaporated to
dryness under vacuum to give the crude product, which was purifiguepHPLC
(Method 1r;=6.5 min). Appropriate fractions were combined aneteaporated with
methanol X3) to givethe productas a pale yellow oil (14.2 mg, 14%ma/cm* 3031

br, 2953, 2928, 2859, 1666, 1641, 1581, (600 MHz;CDs;OD) 7.39 (1H, dJ = 8.5
Hz, 6-Ar-H), 6.70 (1H, dJ = 8.5 Hz, 7Ar-H), 4.62 (1H, ddJ = 9.5 and 3.5 Hz,-CH),
3.57-3.42 (2H, m, 3CH,), 3.092.95 (2H, m, 4CH,), 2.101.79 (2H, m, 1CHCH,),
1.641.47 (2H, m, ICHCH,CH), 1.451.34 (4H, m, ®&,CH,CHs), 0.94 (3H, tJ=7.0
Hz, CH3); dc (150 MHz; CD;OD) 154.8 (AFrCOH), 133.4 (6Ar-CH), 132.6 (ArC),
123.8 (AkC), 115.9 (7Ar-CH), 114.4 (ArCBr), 52.7 (:CH), 37.6 (3CH,), 32.6 (1
CHCH,), 32.4 CH,), 27.4 (4CHy), 26.7 (:CHCH,CH,), 23.4 CH,), 14.3 CH3); m/z
(CI1) 300 {(®'Br)M + H]", 20%), 298 [("°Br)M + H]*, 25%), 219 [M + H]" - Br, 35%),
131 (M + H]* - CsH1-BrO, 35%9; HRMS GH.:NO™Br, caled 298.0811found
298.080.

8.76 5Bromo-1-pentyl-1,2,3,4tetrahydroisoquinoline-7,8-diol (163
Br

NH
HO

OH

The title compound was prepared according to the procedure described in section 8.53,
from aminel59 (200 mg, 0.639 mmol) andekanal (117 uL, 0.958 mmol)The crude
product was purified by predPLC (Method 2, GadientC, r; = 30.0 min) to give the
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product as a yellow oil (13.2 mg, 7%)gma/cm* 3039 br, 2953, 2930, 2859, 1667,
1625 dy (600 MHz;CDs0OD) 7.02 (1H, s, AH), 4.63 (1H, ddJ = 9.5 and 3.5 Hz,-1
CH), 3.533.38 (2H, m, 3CH,), 3.002.87 (2H, m, 4CH,), 2.121.79 (2H, m, 1
CHCHy), 1.631.35 (6H, m, 3 x @), 0.94 (3H, t,J = 7.0 Hz, (3); dc (150 MHz;
CDsOD) 144.2 (AfrCOH), 141.6 (ArCOH), 121.7 (ArC), 120.7 (ArC), 117.7 (Ar
CH), 112.0 (AkC), 51.3 (:CH), 36.3 (3CH>), 31.0 CH,), 30.9 CH,), 25.1 (4CH,,
CH,), 21.9 CH,), 13.0 CH3); m/z(ES) 316 ((*'Br)M + H]*, 90%),314 (("Br)M +
H]*, 100%; HRMS G4H»:NO,"Br, calcd314.0756, found 314.0708

8.77 XPentyl-1,2,3,4tetrahydroisoquinoline-6,8-diol (164)
HO
NH

OH

The title compound was prepared according to the procedure described in 8&x3jon
from aminel56 (100 mg, 0.427 mmol) ancekanal 8.0 uL, 0.641mmol). The crude
product was purified by preHPLC (Method 2, Gradient Br; = 23.1 min)to give the
product as gellow oil (95.2 mg, 95%).gma/cm™ 3055 br, 2959, 2938, 2867, 1667,
1599, 1523 dy (600 MHz;CD30OD) 6.22 (1H, dJ = 2.5 Hz, 7Ar-H), 6.15 (1H, dJ =
2.5 Hz, 5Ar-H), 4.50 (1H, ddJ = 9.5 and 3.5 Hz,-CH), 3.513.28 (2H, m, 3CH,),
3.022.90 (2H, m, 4CH,), 2.101.75 (2H, m, 1CHCH,), 1.591.33 (6H, m, 3 x E),
0.94 BH, t,J = 7.0 Hz, G&43); dc (150 MHz; CD;0D) 159.1 (AFrCOH), 156.5 (Ar
COH), 134.1 (AfC), 122.4 (ArC), 107.2 (5Ar-CH), 102.0 (#Ar-CH), 53.1 (1CH),
38.3 (3CHy), 33.3 (£CHCH,), 32.5 CHy), 26.6 CH>), 26.1 (4CH,), 23.5 CH,), 14.4
(CH3); m/z(ES) 236 (M + H]*, 1009, 219([M + H]" - OH, 70%), 149 [M + H]" -
CsH110, 80%); HRMS Gi4H2:NO,, calcd236.1651, found 236.1660

8.78 5Bromo-1-pentyl-1,2,3,4tetrahydroisoquinoline-6,8-diol (165

Br
HO

NH
OH
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The title compound was gvared according to the procedure described in section 8.53,
from aminel58 (100 mg, 0.289 mmol) ancekanal $3.0 pL, 0.433mmol). The crude
product was purified by preHPLC (Method 2, Gradient Fun time: 20 min, flow rate:
8 mL/min, r; = 7.8 min) to give theproductas a yellow oil (65.0 mg, 72%)gma/cnm*
3039 br, 2959, 2938, 2867, 1666, 1588, (600 MHz;CD3;0D) 6.45 (1H, s, -Ar-H),
4.53 (1H, ddJ = 9.5 and 3.5 Hz,-CH), 3.543.39 (2H, m, 3CH,), 3.082.93 (2H, m,
4-CH,), 2.081.76 (2H, m, 1CHCH,), 1.611.44 (2H, m, ACHCH,CH,), 1.431.34 (4H,
m, CH,CH,CHsg), 0.94 (3H, t,J = 7.0 Hz, Gd3); dc (150 MHz; CDsOD) 155.7 (Ak
COH), 155.4 (AkCOH), 133.1 (AfC), 114.6 (AkC), 102.6 (ZAr-CH), 102.5 (ArCBr),
52.6 (ECH), 37.7 (3CHy), 33.0 (XCHCH,), 32.5 (CH,), 27.6 (4CH,), 26.7 (&
CHCH,CH,), 23.5 CH,) 14.3 CHs); m/z (ES) 316 ((®'B)M + H]*, 1009, 314
(((°Br)M + H]*, 10099, 229 ([(3'Br)M + H]* - CsH110, 65%), 227 (["°Br)M + H]* -
CsH110, 65%); HRMS Gi4Ho1NO,™Br, calcd314.0756, found 314.08.

8.791-Pentyl-1,2,3,4tetrahydroisoquinolin -7-ol (166)

NH
HO

The title compound was prepared according to the procedure described in section 8.69,
from thel.6/1 mixture of THIQregioisomerd70and171(34.0 mg, 0.146 mmphand a

1 M solution of leron tribromidein CH,Cl, (0.364 mL, 0.364 mm@l The crude
mixture of products were separated and purified by-ptepC (Method 2, Gadient A)

to give 166 asa pale yellow oil §t = 32.6 min,13.8 mg, 43%) and60 asa colourless

oil (r = 37.1 min,7.3 mg, 23%).

Major regioisomerl66 gms/cm* 3039 br, 2959, 2938, 2867, 1668, 1625, 15
(600 MHz;CD;0D) 7.06 (1H, d, = 8.0 Hz, 5Ar-H), 6.74 (1H, dd, = 8.0 and 2.5 Hz,
6-Ar-H), 6.68 (1H, dJ = 2.5 Hz, 8Ar-H), 4.454.41 (LH, m, 2CH), 3.573.29 (2H, m,
3-CH>), 3.07%2.93 (2H, m, 4CH,), 2.1%1.88 (2H, m, 1CHCH,), 1.571.36 (6H, m, 3 x
CH,), 0.95 (3H, tJ = 7.0 Hz, Gd3); dc (150 MHz; CD;OD) 157.7 (ArCOH), 134.4
(Ar-C), 131.4 (5Ar-CH), 123.0 (AkC), 116.7 (6Ar-CH), 1136 (8Ar-CH), 56.9 (&
CH), 41.0 (3CHy), 35.0 (XCHCH,), 32.7 CH>), 26.2 CH>), 25.5 (4CH>), 23.5 CH.),
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14.3 CH3); miz(Cl) 220 (M + H]*, 100%), 148 M + H]* - CsHaz, 50%; HRMS
C14H22NO, calcd220.1701, found 220.1699

Minor regioisomerl60. Charaterisationdatalisted in section 8.74.

8.80N-(4-Methoxyphenethyl)hexanamide(167)

Triethylamine (4.15 mL, 29.8 mmol) was added to a stirred solution of &l6@&E00
mg, 5.95 mmol) in CkCl, (65 mL) at 0°C. After 5 min, a solution of hexanoyl
chloride (1 mL, 7.14 mmol) in Ci€l, (15 mL) was added to the reaction mixture
dropwise at OC. After stirring the reactioat tt for 24 h, water (100 mL) was added.
The aqueous phase was extracted with@HH(3 x 50 mL). Tk combined organic
extracts were washed with brine, dried £8l&;) and solvent removeith vacuoto give
the crude product as a white solid, which was purified by column chromatography
(EtOAc/petrol, 1:1) to givethe productas a white solid (1.34 g, 90%)R; 0.34
(EtOAc/petrol, 1:1) mp. 7879 °C; gma/cmi® (CDCk cast)3308, 2961, 2929, 2891,
1637, 1617, 1544, 15140y (500 MHz;CDCl) 7.10 (2H, dJ = 8.5 Hz, 2 x 2Ar-H),
6.84 (2H, dJ= 8.5 Hz, 2 x 3Ar-H), 5.41 (1H, br s, N), 3.79 (3H, s, O83), 3.523.45
(2H, m, H2N), 2.75 (2H, tJ = 7.0 Hz, CH,CH:N), 2.11 (2H, tJ = 7.5 Hz, COEly),
1.621.20 (6H, m, 3 x €,), 0.88 (3H, tJ= 7.0 Hz, G3); Uc (125 MHz;CDCk) 173.2
(CONH), 158.4 (ArCO), 131.0 (ArC), 129.8 (2 x 2Ar-CH), 114.1 (2 x 3Ar-CH),
55.3 (QCHs3), 40.7 CH2N), 36.9 (CQCH,), 34.9(CH,CHzN), 31.5 CH,), 25.5 CHy),
22.5 (CH>), 14.0 CH3); m/z (El) 249 M", 5%), 134 K" - C;H1:0, 100%); HRMS
Ci1sH23NO,, calecd 249.172%ound 249.1728

8.81 2(4-Methoxyphenyl)ethan1-amine (169

2

i©/\/NH2
MeO

The title compound was prepared according to the procedure described in section 8.64,

from 4-methoxyhenylacetonitrile (1.50 g, 10.2 mmoland a 1 M borane
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tetrahydrofuran complex solution THF (25.5 mL, 25.5 mmol). The cude product
was purified by column chromatograpf@H.Cl,/CH;OH(+1% EgN), 85:15 to give
the productas a pale yellow oil (1.17 g, 76%)R; 0.14 (CHClL/CH3OH(+1% EgN),

4:1); Uy (500 MHz;CDCk) 7.11 (2H, dJ = 8.5 Hz, 2 x 2Ar-H), 6.84 (2H, dJ = 85

Hz, 2 x 3Ar-H), 3.83 (3H, s, O83), 2.93 (2H, tJ = 7.0 Hz, Gi2N), 2.68 (2H, tJ =

7.0 Hz, GH,CH;N), 1.26 (2H, br s, Ny); Uc (125 MHz;CDCl) 158.1 (ArCO), 132.0
(Ar-C), 129.8 (2 x 2Ar-CH), 114.0 (2 x 3Ar-CH), 55.3 (QCHs), 43.8 CHN), 39.3
(CH,CH2N).

8.82 ZMethoxy-1-pentyl-1,2,3,4tetrahydroisoquinoline (170) and 6-Methoxy-1-
pentyl-1,2,3,4tetrahydroisoquinoline (171)
MeO

NH NH
170 171

MeO

To a solution of amidd67 (100 mg, 0.81 mmol) in xylene (5 mL)was added s

(142 mg, 1.0 mmol) and POGI(0.336 mL, 3.61 mmol), and the mixture wasated at
reflux for 20 h. After cooling totr the reaction mixture was quenched with water (10
mL), then 2 M NaOHwvas addedintil the solution wadasic. The aqueous phase was
extracted withEtOAc (3 x 20 mL). The organic extracts were combined, washed with
brine, dried (N&SOQy) and solvent removeid vacuoto yield the intermediate imine as a
yellow oil which was useth the next step withoutrtherpurification. To a solution of

the iminein methanol (10 mLjt 0°C, was added sodium borohydride (121 mg, 3.21
mmol) portionwise and the mixture was stirred atfar 2 h. The mixture was
concentrated under vacuum. To the resulting residue, water (15 mL) was added, and
extracted with EtOAc3 x 25 mL). The organic extracts were combined, washed with
brine, dried (Na&SOQy) and solvent evaporatad vacuoto give the crude product as a
mixture of products170and 171 (56.7 mg 37% as a yellow oijl in a ratio 1.6:1 as
determined byH-NMR. dy (600 MHz;CDsOD) 7.20 (1H, d,J = 8.5 Hz, minor ArH),

7.16 (1H, dJ = 8.5 Hz, major AiH), 6.906.85 (2H, m, major AH, minor Ar-H), 6.81

(1H, d,J = 2.5 Hz, major AiH), 6.79 (1H, dJ = 2.5 Hz, minor AfrH), 4.5%:4.47 (1H,

m, major XCH), 4.464.43 (1H m, minor XCH), 3.793.78 (6H, m, major OHs, minor
OCH3), 3.593.32 (4H, m, major XH,, minor 3CH), 3.162.97 (4H, m, major 4H,,
minor 4CH>), 2.141.87 (4H, m, major 8,, minor (H,), 1.5%#1.34 (12H, m, major 3 x
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CHa, minor 3 x @4,), 0.980.91 (6H,m, major Gd3, minor (H3); mM/z (ES) 234 ([M +
H]*, 100%).

8.83 TPentyl-1,2,3,4tetrahydroisoquinolin-6-amine (177)
HoN

NH

The title compound was prepared according to the procedure described in section 8.49,
from aminel78 (2 eq HCI,104 mg, 0.497 mmol) and hexar{@B.0 pL, 0.597 mmol)
The crude product wasurified byprepHPLC (Method 2,Gradient A r; = 28.0min) to
give the product as gellow oil (66.2 mg, 61%). gma/ci’ 2960, 2934, 2864, 1656,
1523 dy (600 MHz;CD;0D) 7.30 (1H, dJ = 8.0 Hz, 8Ar-H), 7.06 (1H, dJ = 8.0 Hz,
7-Ar-H), 7.00 (1H, s, BAr-H), 4.534.47 (1H, m, 1CH), 3.603.35 (2H, m, 3CH,),
3.183.03 (2H, m, 4CH,), 2.131.87 (2H, m, 1CHCH>), 1.561.35 (6H, m, 3 x €),
0.94 (3H, t,J = 7.0 Hz, MH3); dc (150 MHz;CD3;0OD) 134.6 (ArC), 129.3 (8Ar-CH),
121.0 (5Ar-CH), 120.0 (6Ar-CH), 56.6 (xCH), 40.4 (3CH,), 35.0 (:CHCH,), 32.7
(CH>), 26.3 (4CHy), 26.1 CH,), 23.5 CHy), 14.3 CH3); m/z(ES) 219 (M + H]",
100%9; HRMS Cy4H23N>, calcd219.184, found 219.1858

8.84 3(2-Aminoethyl)aniline hydrochloride (1782

2

H,N NH,
:@j\/.HCI
5

The title compound was prepared based on a literature procétitre.a solution of 3
nitrophenethylamine hydrochloride (100 mg, 0.493 mmol) in methanol (7 mL), was
added palladium on carbon 10% (12 mg). The flask was evacuated fdted revith H,
using aH; balloon. The reaction was stirred afar 5 hand therfiltered through Celite
and washed with methanol. The filtrate was evaporated to give the product as a yellow
oil (104 mg, 100%) athe hydrochloride salt.ly (600 MHz; CDsOD) 7.07 (1H, tJ =
7.5 Hz, 5Ar-H), 6.636.54 (3H, m, 2Ar-H, 4-Ar-H, 6-Ar-H), 3.13 (2H, tJ = 7.5 Hz,
CH.N), 2.83 (2H, t,J = 7.5 Hz, G,CH;N); Uc (150 MHz; CD;OD) 149.4 (AfC),
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138.6 (ArC), 130.7 (5Ar-CH), 119.2 (AkCH), 116.5 (AFCH), 115.4 (ArCH), 42.0
(CH:N), 34.7 CH,CHoN); m/z(ES) 137 (M + H]*, 100%; HRMS GHisN,, calcd
137.1079, found 137.1079.

8.85 3(2-Aminoethyl)-4-bromoaniline (179

HN_ A NH,
S0

N-Bromosuccinimide (54.3 mg, 0.305 mmol) was added portionwise to a solution of
aminel78 (1.2 eq HCI,50 mg, 0.278 mmol) in acetonie (2 mL) and methanol (0.5
mL) at 0°C. The reaction was stirred af®© for 1 h, therconcentratedn vacuo The
resultingcrude product was purified by column chromatograf@ig,Cl./CH;OH(+1%
Et;N), 85:15 to yield the producias a pale yellow 0i(41.0 mg, 69%. R; 0.28
(CH,CL/CHsOH(+1% EgN), 4:1); gma/cm® 3331, 2945, 2875, 1597, 1578, (600
MHz; CDs;OD) 7.20 (1H, dJ = 8.5 Hz, 5Ar-H), 6.63 (1H, dJ = 2.5 Hz, 2Ar-H), 6.47
(1H, dd,J = 8.5 and 2.5 Hz, @\r-H), 2.882.80 (2H, m, E:N), 2.78-2.74 (2H, m,
CHoCHN); e (150 MHz; CDsOD) 148.8 (AfC), 140.2 (ArC), 134.1 (5Ar-CH),
118.6 (2Ar-CH), 116.3 (6Ar-CH), 112.2 (ArCBr), 42.6 CH.N), 40.4 CH,CH,N);
m/z (ES) 217 ((®Br)M + H]*, 10099, 215 ((“Br)M + H]", 100%; HRMS
CgH1,N,"Br, calcd 215.0184, found 215.0205.

8.86 Methyl 5-o0xopentanoate(181)*"°

The title compound was prepared according to a literature procedure, except the product
was purified bycolumn chromatography rather than distillatiéh. To a solution of-
valerolactone (500 mg, 4.99 mmol) in methanol (10 mlgs added concentrated
sulfuric acid (1 dropand stirred at 68C for 5 h. The raction mixture was coolet 0

°C andsolid NaHCG; (500 mg) was added. The mixture was filteradd the filtrate

was evaporated to give tildermediate alcohdl85as a colourless oil (539 mg4 (800

MHz; CDCl;) 3.683.60 (5H, m, OEl;, CH,OH), 2.36 (2Ht,J = 7.0 Hz, &,COMe),
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1.791.50 (4H, m, CH,CH,CH,OH)), which was usedmmediatelyin the next step
without further purification. To a solution of oxalyhloride (0.4D mL, 5.50 mmol) in
CH.Cl, (5 mL) at-78 °C, was added a solution of DMSO (00781L, 11.0 mmol) in
CH.Cl, (5 mL) dropwise. The reaction mixture was stirred for 10 min, then a solution
of thealcohol185in CH,Cl, (5 mL) was added and the reaction stirree7&t°C for 30

min. Triethylamine (3.69 mL, 26.5 mmol) was added and the milloeed to warm

to rt. A saturatedNH,Cl solution (30 mL)was added to the mixture and thexiracted

with CH,Cl; (3 x 20 mL). The combined organic extracts were washed with water,
brine, dried (Na&S0Oy) and the solvent evaporatedder vacuum at o gve the crude
product as a yellow oil which was purified by column chromatography (hexa®e/Et
2:1) to give the product as a colourless oil (202 mg, 3186)0.20 (hexane/gO, 2:1)

Uy (500 MHz; CDCls) 9.78 (1H, s, €l0), 3.67 (3H, s, OHs), 2.51 (2H, tJ= 7.0 Hz,
4-CH,), 2.37 (2H, t,J = 7.0 Hz, 2CH,), 2.001.90 (2H, m, 3CH,); Uc (125 MHz;
CDCh) 201.5 CHO), 173.4 CO,CHs), 51.7 (QCHa3), 43.0 (4CH.), 33.0 (2CH,), 17.4
(3-CH); m/z(Cl) 131 (M + H]", 100%; HRMS GH1,0s, calcd 131.0708, found
131.0704

8.87 Methyl 4(6,8-dihydroxy-1,2,3,4tetrahydroisoquinolin-1-yl)butanoate (182
HO
NH
OH OMe
O

The title compound was prepared according to the proceducelmbesin section 8.53
from aminel56 (50.0 mg, 0.214 mmol) andldehydel81(33.4 mg, 0.257 mmal) The
crude yellow oil was purified by prepHPLC (Method 2, Gradient Bflow rate: 8
mL/min, r; = 15.7 min)to give the producas a yellow oil (49.1 mg, 87§46 A minor
product collected from the column was lacth®3 (r; = 20.8 min, 1.9 mg, 4%)dy (600
MHz; CD3;OD) 6.22 (1H, dJ = 2.0 Hz, ?Ar-H), 6.15 (1H, dJ = 2.0 Hz, 5Ar-H), 4.52
(1H, dd,J = 9.0 and 3.5 Hz,-CH), 3.67 (3H, s, O83), 3.523.30 (2H, m 3-CH,),
3.04-2.89 (2H, m, 4CH), 2.44 (2H, tJ = 7.0 Hz, HH,CO,CHg), 2.101.72 (4H, m, 1
CHCH.CH,); dc (150 MHz; CDs0OD) 175.5 CO,CHj3), 159.2 (AFrCOH), 156.4 (Ar
COH), 134.1 (AfC), 112.1 (ArC), 107.3 (5Ar-CH), 102.0 (#Ar-CH), 52.5 (2CH),
52.1 (QCHs3), 38.3 (3CH,), 34.0 CH,CO,CHs), 32.7 (ECHCHy), 26.0 (4CHy), 22.1
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(1-CHCH,CH,); m/z(Cl) 266 (M + H]*, 100%), 235[M + H]" - OCHs, 30%), 165
(IM + H]" - CsHeO2, 30%: HRMS Ci4H2NOy, calcd266.1392, found 266.1390

8.88 9,11Dihydroxy-1,2,3,67,11bhexahydro-4H-pyrido[2,1-a]isoquinolin-4-one
(183

10 11 N__O

A solution of aldehydd 81 (20.0 mg, 0.154 mmol) in acetonitrile (1.5 mL) was added

to a solution of aminé56 (30.0 mg, 0.128mmol) in potassium phosphate buffer§1.

mL, 0.1 M, pH 6) under argomand the mixture was stirred at 8D for 5 h. Sat. KCO;
solution (0.1 mL) was added to the reaction mixture and stirredat24 h. The pH of

the mixture was adjusted to 4 by addition of dilute HCI and concentratkst wacuum.
CH.Cl/CH3OH (1:1, 10 mL) was added to the resultant residue and the suspension
filtered to remove the solid. The filtrate was evaporated to dryness to give the crude
product as an orange oil, which was purifiedoogpHPLC (Method 2, Gradiet D, run

time: 30 min,r; = 22.8 min). Product containing fractions were concentrated and co
evaporated with mbanol (x3), to yield the producas a yellow oil (12.1 mg, 40%).
Oma/cmit 3219 br, 2923, 2852, 1673, 157@, (600 MHz;CDs0OD) 6.17 (1H, ¢J= 2.0

Hz, 10Ar-H), 6.09 (1H, dJ= 2.0 Hz, 8Ar-H), 4.79 (1H, dJ = 11.5 Hz, 6CHH), 4.72

(AH, d,J=11.5 Hz, 11KCH), 2.952.88 (1H, m, 1CHH), 2.732.58 (2H, m, 6CHH, 7-

CHH), 2.572.47 (2H, m, 7CHH, 3-CHH), 2.442.35 (1H, m, 3CHH), 1.921.80 @H,

m, 2CHy), 1.351.20 (1H, m, 1CHH); dc (150 MHz; CDsOD) 172.8 (NCO), 157.7
(Ar-COH), 156.6 (AFCOH), 138.7 (AfC), 115.9 (ArC), 107.5 (8Ar-CH), 102.0 (16
Ar-CH), 56.1 (11bCH), 40.3 (6CH,), 32.5 (3CH,), 30.9 (#CHy), 30.5 (:CH,), 20.3
(2-CH,); m/z(ES) 234 (M + H]", 100%; HRMS GCi3H1¢NO;z, calcd 234.1130, found
234.1137
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8.89Methyl 2-(6,8-dihydroxy-1,2,3,4tetrahydroisoquinolin-1-yl)acetate(187)
HO
NH
OH OMe
0
Trifluoroacetic acid(0.5 mL) and water (0.5 mbLyere addedto a solution of methyl
3,3-dimethoxypropionate (400 mg, 2.70 mmol) in £&H (2 mL), and the reaction was
stirred at t for 24 h. The reaction mixture was diluted with water (4 mL) and extracted
with CH,Cl; (3 x 10 mL). The combined organic extracts everied (NaSQ;) and
solvent removedin vacuo at it to give crude methyl -Bxopropanoatel86 as a
colourless 0i(245 mg, 4 (300 MHz;CDCls) 9.81 (1H, tJ = 2.5 Hz, HO), 3.79 (3H,
s, OMs), 3.42 (2H, d,J = 2.5 Hz, ®&d,)), which was used in the next stefthout
further purification. The title compound was prepared according to the procedure
described in section 8.53 from amif@B6 (50.0 mg, 0.214 mmol) andrudealdehyde
186 (245 mg) The crudeyellow oil waspurified by prepHPLC (Method2, Gradient
C, = 13.5min), to give the product asyellow oil (29.4 mg, 58%).dy (600 MHz;
CDs;OD) 6.23 (1H, s, #Ar-H), 6.17 (1H, s, BAr-H), 4.904.87 (1H, m, 1CH), 3.78
(3H, s, O®4), 3.493.34 (2H, m, 8CH,), 3.263.15 (1H, m, ICHCHH), 3.032.88
(3H, m, 4CH,, 1-CHCHH); dc (150 MHz; CD;OD) 171.5 CO,CHs), 158.0 (Ar
COH), 154.8 (AFCOH), 133.0 (ArC), 108.4 (ArC), 105.8 (5Ar-CH), 100.7 (7Ar-
CH), 51.2 (:CH, OCHs), 37.0 CH>), 34.2 CH,), 24.7 (4CH.); m/z(Cl) 238 ([M +
H]*, 20%), 206 [M + H]" - CH4O, 100%); HRMS Ci-H16NO,, calcd 238.1079, found
238.1073

8.9 3-(3,4-Dimethoxyphenyl)propanamide (193"
0
MGOD/\)L
NH,

MeO
The title compound was prepared based on a literature procédidre.a solution of 3
(3,4-dimethoxyphenyl)propanoic acidt.00 g, 19.0 mmol) inCH,Cl, (24 mL) was
added thionyl chloride (4.17 mL, 57.1 mmol) andr8pgs of DMF as a catalyst. The

resulting bright yellow solibn was stirred attrfor 2 h. Thionyl chloride (0.70 mL,
9.50 mmol) and one drop dDMF was added to the reaction and stirredtdor 1 h.
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The reaction was concentratidvacuoandand the residue eevaporated witlCH,Cl,

(x3) to remove excess thighchloride. The resultantsidue was dissolved THF (40

mL) and added dropwise @ 28% ammonium hydroxide solutiogfd20 mL) at 0 °C.

The solution was left overnight at r The solvents were removéua vacuoto give a
white solid which was partitieed between 0.1 M aqueous NaOH (40 mL) and EtOAc
(120 mL). The organic phase was separated and the aqueous phase extracted with
EtOAc (2 x 100 mL). The combined organic extracts were passed through a
hydrophobic frit and evaporated vacuoto yield the poduct as a white solid (3.80 g,
95%). R 0.33 (EtOAc) mp. 116111°C (lit***120-121°C, benzeng (500 MHz;
CDCk) 6.81-6.73 (3H, m, 3 x AH), 5.585.26 (2H, br m, CON,), 3.86 (3H, s,
OCHa), 3.85 (3H, s, O83), 2.92 (2H, tJ = 7.5 Hz, G&4,), 2.5 (2H, t,J = 7.5 Hz, G>);

Uc (125 MHz;CDCh) 174.6 CONH;,), 149.0 (AkC), 147.6 (AFC), 133.3 (ArC), 120.2
(Ar-CH), 111.7 (AkCH), 111.4 (AFCH), 56.0 (2 XOCH3), 37.9 CH,), 31.1 CH.); m/z

(El) 209 M*, 30%, 151 (M - CH,CONH,, 100%) HRMS GiH1sNOs, calcd
209.1049 found 209.108.

8.913-(3,4-Dimethoxyphenyl)propan-1-amine (194)' "

MeO 2
WNHZ

MeO e ®
To a stirred 1M solution of LiAlH, in THF (28.7 mL, 28.7mmol) at 0°C was added
slowly a solution of amidd93(2.00 g, 9.56 mmol) iMHF (80 mL). The solution was
gently stirred attrfor 5 h, after which time a precipitate had formed. The reaction was
cooledto 0°C andquenched by # dropwise addition of water (20L). The solvets
were evaporateth vacuo CH,Cl, (100 mL)was added to the residue and the mixture
passed through a hydrophobic frit. The filtrate was concentmtedcuoto give the
crude product as a yellow oil which was purified by column chromatography
(CH,CI/CH3OH(+1% EgN), 85:15 to give theproduct asan off white oil (1.43 g,
77%). Rs 0.36 (CHCI/CH3;OH(+1% EgN), 85:15) 4 (500 MHz;CDCl;) 6.76 (1H,
d, J = 8.0 Hz,6-Ar-H), 6.736.69 (2H, m, 2Ar-H, 5-Ar-H), 3.86 (3H, s, O83), 3.84
(3H, s, O®3), 2.74 (2H, tJ = 7.0 Hz, G4.N), 2.60 (2H, t,J = 7.0 Hz, GH2(CH,)2N),
2.28 (2H, br s, W), 1.79 (2H, quintet) = 7.0 Hz,CH.CH2N) ; ¢ (12%1MHz;CDCls)
148.9 (AFCO), 147.3 (ArCO), 134.5 (ArC), 120.2 6-Ar-CH), 111.8 (ArCH), 111.3
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(Ar-CH), 56.0 (QCHs), 55.9 (QCHs), 415 CH:N), 34.8 CH.CH.N), 32.8
(QHz(CHz)zN); m/Z(E|) 195 N+, 50%, 178 (M - NH3, 100%) HRMS C11H17N02,
calcd 195.1254found 195.1246

8.923-(3,4-Dihydroxyphenyl)propan-1-amine hydrobromide (195"

2
HO
NH,

6 .HBr

HO s

The title compound was prepared accordmghe procedureescribed irsection 8.69
fromaminel94 (356 mg, 1.82 mmoknda solution ofl M boron triboromiden CH,Cl,
(5.47 mL, 5.47 mmol) The product was isolated asbeown oil as the hydrobromide
salt(478 mg, >100%crude). Uy (500 MHz; CB3OD) 6.68 (1H, dJJ = 7.5 Hz,5-Ar-H),
6.64 (1H, s2-Ar-H), 6.52 (1H, dJ = 7.5 Hz,6-Ar-H), 2.89 (2H, tJ = 7.5 Hz, Gi.N),
2.55 (2H, t,J = 7.5 Hz, @G»(CH,):N), 1.90 (2H, quintet) = 7.5 Hz, G.CH,N); ¢ U
(125 MHz; CXOD) 146.4 (ArCO), 144.7 (ArCO), 133.2 (ArC), 120.6 6-Ar-CH),
116.5 (ArCH), 116.4 (AECH), 40.3 CH:N), 32.9 CH2(CH,)2N), 30.5 CH,CH;N);
m/z(ES) 168([M + H]*, 10%), 164[M + H]" - Ha, 100%)

8.933-(3,5-Dihydroxyphenyl)propan-1-amine hydrobromide (196)

2
HO
NH,

4 .HBr
OH

The title compound was preal according to the procedutdescribed in section 8.69,
from amine198 (190 mg, 0.947mmol) and a solution ofl M boron tribromidein
CH.Cl, (2.92 mL, 2.92mmol). The product was isolated as a phtewn oil as the
hydrobromide salt (24&ng, 100%9. U4 (600 MHz; CRXOD) 6.17 (2H, s, 2 x-Ar-H),
6.13 (1H, s, 4Ar-H), 2.91 (2H, t,J = 7.5 Hz, GI:N), 2.56 (2H, t,J = 7.5 Hz,
CH2(CH,)2N), 1.93 (2H, quintet) = 7.5 Hz, G,.CH,N ) ;¢ (1500MHz; C3OD) 1597
(2 x Ar-C), 143.8 (ArC), 107.8 (2 x 2Ar-CH), 101.5 (4Ar-CH), 40.3 CH2N), 33.5
(CH2(CH,)2N), 30.1 CH,CH,N); m/z(ESl) 168 (M + H]", 709%9; HRMS GH14NOx,
calcd 168.1025, found 168.1014.
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8.9 3-(3,5Dimethoxyphenyl)propanamide(197)*’’

@)
2

MeO NH,
OMe

The title compound was prepared according to thequore described in section 8,90
from 3-(3,5-dimethoxyphenyl)propanoic acid (900 mg, 4.28 mnil yield the product
as a yellow soll (480 mg, 54%). M.p. 67-69 °C (lit'"” 80-81 °C). Uy (500 MHz;
CDCk) 6.38 (2H, s, 2 x Ar-H), 6.31 (1H, s, 4Ar-H), 5.555.35 (2H, m, Mi,), 3.78
(6H, s, 2 x OGl3), 2.92 (2H, t,J = 7.5 Hz, ®,CH,CO), 2.52(2H, t, J = 7.5 Hz,
CH,C O) ;c (1251WMHz; CDCk) 174.4 CONH,), 161.0 (2 x AfCO), 143.1 (AkC),
106.4 (2 x 2Ar-CH), 98.3 (4Ar-CH), 55.4 (2 x Q@CHs), 37.4 CH,CO), 31.7
(CH,CH,CO); m/z(Cl) 210 (M + H]*, 30%), 193 (M + H]" - NH3, 100%; HRMS
C11H16NO;3, calcd 210.1130ound 210. 1134

8.953-(3,5-Dimethoxyphenyl)propan-1-amine (198

2

MeO
NH»
4

OMe

The title compound was prepared according to thegquore described in section 8,91
from amide 197 (425 mg, 2.03 mm@! The crude ydédw oil was purifiedby column
chromatographyQH,Cl,/CH;OH(+1% EgN), 9:1) to give the product as a pakigw
oil (190 mg, 48%).R; 0.12 (CHCIl/CH;OH(+1% EgN), 9:1); gma/cmi® (CDCl; cast)
2935, 2852, 1593 4 (600 MHz; CDCk) 6.35 (2H, dJ = 2.5 Hz, 2 x 2Ar-H), 6.30
(1H, d,J = 2.5 Hz, 4Ar-H), 3.77 (6H, s, 2 x OBg), 2.74 (2H, tJ = 7.5 Hz, Gi:N),
2.59 (2H, tJ = 7.5 Hz, G(CH,):N), 1.851.74 (4H, m, G,CH,NH>); ¢ (150 MHz;
CDCl) 160.9 (2 x AfrCO), 144.6 (ArC), 106.5 (2 x 2Ar-CH), 97.8 (4Ar-CH), 55.4 (2
x OCHz), 41.8 CH,N), 34.9 CH,CH:N), 33.7 CH»(CHy)2N); m/z(Cl) 196 (M + H]",
10099, 179 (M + HJ - NHs, 50%) HRMS GH1gNO,, calcd 196.1338found
196.1333
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8.961-Phenyt2,3,4,5tetrahydrobenzazepin7,8-diol (202

A solution of 1 M boron tribromide in heptan@ 900 mL, 0.900 mmol) was addé&nla

stirred solution of TBP 203 (85.0 mg, 0.300 mmol) in dichloromethafl.5 mL) at

-78°C. The reaction was warealto 1t and stirredor 20h. The reaction was cooléd

0 °C andquenched by the addition of water (8 mL). The pH of the solution was

adjusted to 7 by addition of 1 BlqueousNaOH, andthe aqueous phaseaw extracted

with EtOAc (3 x 20 mL). The aqueous phase was adjusted to pH 10 and extracted with

EtOAc (3 x 20 mL). The combined organic extracts were dried by passing through a
hydrophobic frit, and solvent removétdvacuoto givethe crude product asteown oll,

which was purified byprepHPLC (Method 1 run time 15 min r; = 11.0min). Product

containing fractions were concentrated aneegaporated with methanol (x3), to give

the product as a yellow oil (8.3 mg, 11%jma/cm 3064 br 1674, 1610, 1
(500 MHz;CD3sOD) 7.597 . 4 4 ( 3 H-Ar-Hn4 -&rH), X.393281, dJ = 7.5 Hz,

2  XxAr-H)p6.74 (1H, s, €Ar-H), 6.16 (1H, s, Ar-H), 5.72 (1H, s, 4CH), 3.553.41

(2H, m, 3CHy), 3.222.77 (2H, m, 8CHy), 221-1.75 (2H, m, 4CH) ; c (12% MHz;

CDs;OD) 147.0 (ArCO), 144.6 (ArCO), 137.5 (AFC), 135.2(AFC) , 13 0:-A (2 x 360
CH) , 1 3A-CR) ,( 452 8 -A9-CHJj), 227.4 (ALY 118.5 (6Ar-CH, 9-Ar-

CH), 65.5 (tCH), 50.8 (3CH,), 34.2 (5CH,), 26.8 (4CH,); m/z(EIl) 255 M", 85%),

178 M - CeHs, 75%9; HRMS GCieH17O2N, calcd255.1259found 255.1250

8.971-Pheny}7,8-dimethoxy-2,3,4,5tetrahydrobenzazepine(203**3

The tile compound was prepared according to a literature proc&fuROCE (0.27
mL, 294 mmol) was added to solution of amide204 (110 mg 0.367 mmol) in
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acetonitrile (3 mL) and refluxed for 21 h. Theacton mixturewas concentrateah
vacuoand the residue eevaporated with CHGI(2 x 3 mL) to give the intermediate
imine, which wasthen dissolved inmethanol (6 mL) and cooletb 0 °C. Sodium
borohydride {11 mg, 2.94 mmol) was addgubrtionwiseover 15min and the solution
stirredat rtfor 1.5 h. The reactiomixture was concentrateth vacuo Water (10 mL)
was added to the residue and extracted @HCI; (4 x 5 mL). The combined organic
extracts were dried by passing through a hydrophobic fritsahent removedh vacuo
to give the product as a pale yellow oil (95.7 mg, 92%).(500 MHz; CDCl) 7.41
7.24 (5H, m, 5 x AH), 6.73 (1H, s, Ar-H), 6.20 (1H, s, Ar-H), 5.14 (1H, s, 1CH),
3.86 (3H, s, OE3), 3.59 (3H, s, OH3), 3.383.11 (2H, m, 3CH,), 3.092.81 (2H, m,
5-CH5), 1.961.62 (3H, m, 4CH,, NH) ; ¢ (125 MHz; CDChk) 147.1 (A:C), 146.4
(Ar-C), 142.8 (AkC), 137.2 (ArC), 134.8 (ArC), 128.5 (2 x AfCH), 127.9 (2 x Af
CH), 127.0 (ArCH), 113.7 (6Ar-CH), 112.6 (9Ar-CH), 67.5 (:CH), 561 (OCHa),
55.9 (QCHs), 50.7 (3CHy), 35.4 (5CH,), 30.3 (4CH,); m/z(EIl) 283 M", 60%), 253
(M™ - C;Hg, 100%), 2061 - CeHs, 10099; HRMS GigH»10:N, calcd 283.157Zpund
283.1577

8.98N-(3-(3,4-Dimethoxyphenyl)propyl)benzamide(204)**3

MeO_ A J\©
N 3
o
MeO ° *
5

The title compound was prepared according to the procedure described in section 8.80,
from amine194 (100 mg, 0.512 mmdland benzoyl chloride (71.8L, 0.614 mmol)
The crudeyellow oil was purifiedby column chromatographf{OAc/hexane2:3) to
give the product as a white solid (130 mg, 85%).0.2 EtOAc/hexane2:3); mp. 78
80°C (lit'**84 °C, EtOAQ ; n (50 MHz;CDCl;) 7.67 (2H d,J = 7.5 Hz, 2 x2 @\r-
H), 7.49 (1H, tJ = 7.5 Hz,4 &r-H), 7.41 (2H, tJ = 7.5 Hz, 2 x3 -@\r-H), 6.826.72
(3H, m, 2-Ar-H, 5-Ar-H, 6-Ar-H), 6.05 (1H, br s, N), 3.86 (6H, s, 2 x OB3), 3.55
3.49 (2H, m, Gi;N), 2.69 (2H, tJ = 7.5 Hz, G2(CH)2N), 1.96 (2H, quintet) = 7.5
Hz, CH,CH,N ) ;¢ (1250MHz; CDCk) 167.7 CONH), 149.1 (2 x AC), 134.1 (2 x
Ar-C), 131.5 @ -@\r-CH), 128.6 (2 x AfrCH), 126.8 (2 x AfCH), 120.2 (ArCH), 111.8
(Ar-CH), 111.4 (ArCH), 56.0 (2 x @H3), 39.9 CH:N), 33.3 CH2(CH,):N), 31.4
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(CH,CH,N): m/z (El) 299 M*, 100%; HRMS CigH»iNOs, calcd 299.1516found
299.1510

8.991-Pentyl-2,3,4,5tetrahydro -1H-benzofc]lazepine 7,8-diol (205 and 1-Pentyl
2,3,4,5tetrahydro-1H-benzofclazepine 8,9-diol (206
HO

HO NH HO NH
205 OH 206

The title compounds were grared according to the procedure described in section
8.48, from aminel95(75.0 mg, 0.302 mmol) and hexanal (44.0 uL, 0.8680l). The
crude mixture of products eve separated and purified pyepHPLC (Method1, run
time: 30 min) to give 205 as ayellow oil (r; = 21.1 min, 3.4 mg, %) and206 as a
yellow oil (r; = 23.7min, 2.6 mg, %0).

Major regioisomer205. Uy (600 MHz; CD;OD) 6.75 (1H, s, Ar-H), 6.67 (1H, s, 6
Ar-H), 4.364.28 (1H, m, 1CH), 3.443.28 (2H, m, 3CH,), 2.982.85 (2H, m, 5CH,),

2.21-2.12 (1H, m, 4CHH), 1.991.86 (3H, m, 4CHH, 1-CHCH,), 1.461.26 (6H, m, 3
x CHy), 0.92 (3H, tJ = 7.0 Hz, G3) ; ¢ (15Q1MHz;CDs;0OD) 146.9 (ArCOH), 144.8
(Ar-COH), 134.5 (AfC), 125.9 (ArC), 118.8 (BAr-CH), 117.3 (9Ar-CH), 62.2 (1

CH), 33.4 (5CHy), 32.6 CH), 31.4 (:CHCHy), 27.1 CH,), 26.7 (4CH,), 23.5 CH,),

14.3 CH3); m/z(Cl) 250 (M + H]", 15%), 178 [M + H]" - CsH1,, 259%); HRMS

Ci15H24NO,, calcd 250.180Zound 250.1802

Minor regioisomer06. Uy (600 MHz;CDsOD) 6.66 (1H, dJ = 8.0Hz, 7-Ar-H), 6.51
(1H, d,J= 8.0 Hz, 6Ar-H), 5.285.22 (1H, m, 1CH), 3.543.26 (2H, m, 3CH,), 3.1%7
2.73 (2H, m, BCHy), 2.1#2.07 (2H, m, 4CHH, 1-CHCHH), 1.961.87 (1H, m, 1
CHCHH), 1.791.69 (1H, m, 4CHH), 1.471.17 (6H, m, 3 x €,), 0.88 (3H,tJ=7.0
Hz, CH3) ; ¢ (156G MHz; CD;OD) 145.6 (AFCOH), 144.9 (ArCOH), 122.2 (6Ar-
CH), 115.6 (?Ar-CH), 54.6 (2CH), 44.3 (3CH,), 34.1 (5CH,), 32.5 CH,), 30.6 (&
CHCHy,), 27.2 (4CHy), 26.6 CH,), 23.5 CH>), 14.3 CH3); m/z(Cl) 250 (M + H]",
55%), 178 M + H]" - CsHip, 1009); HRMS CsH24NO,, calcd 250.1802found
250.1797
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8.1 1-Pentyl-2,3,4,5tetrahydro-1H-benzo(clazepine 7,9-diol (207)
HO

NH
OH

The title compound was prepared according to the procedure described in section 8.53,
from amine196(50.0 mg, 0.202 mmol) ancekanal (370 uL, 0.302 mmol) The crude
yellow oil was purified byprepHPLC (Method 2, Gradient Orun time: 30 minf; =
17.9 min) to yield the product as a pale brown oil (36.0 mg, 72%) (600 MHz;
CDsOD) 6.23 (1H, dJ = 2.5 Hz, 8Ar-H), 6.16 (1H, dJ = 2.5 Hz, 6Ar-H), 5.16 (1H,
dd,J = 10.0 and 5.5 Hz,-CH), 3.533.26 (2H, m, 3CH,), 3.193.11 (1H, m, 8CHH),
2.71 (1H, ddJ = 15.5 and 5.5 Hz,-&HH), 2.172.06 (2H, m, 1ICHCHH, 4-CHH),
1.921.84 (1H, m, ICHCHH), 1.8%11.71 (1H, m, 4CHH), 1.441.19 (6H, m, 3 x E5),
0.89 (3H, t,J = 7.0 Hz, G3) ; ¢ (150 MHz; CD;OD) 159.6 (ArCOH), 158.2 (Ar
COH), 144.6 (AfC), 113.6 (ArC), 110.4 (6Ar-CH), 101.5 (8Ar-CH), 54.3 (1CH),
44.0 (3CHy), 34.9 (5CHy), 32.5 CH,), 30.8 (:CHCHy,), 26.9 (4CH,), 26.6 CH,),
23.5 CH,), 14.3 CHa3); m/z(ES) 250 (M + H]*, 70%), 233[M + H]" - OH, 100%;
HRMS C;5H24NO;, calcd 250.1807, found 250.1805.

8.1011-Phenyt2,3,4,5tetrahydro-1H-benzo[clazepne-7,9-diol (208

The title compound was prepared according to the procedure described in section 8.53,
from aminel96(40.0 mg, 0.161 mmol) aneenzaldehyde (24.6 pL, 0.242 mmolThe

crude productvaspurified by prepHPLC (Method 2, GadientC, run time: 30 miny; =

22.1 min), to give the producas a pale yellow oil (10.6 mg, 26%)iy (600 MHz;
CDsOD) 7.467 . 37 ( 3 H-5Ar-Hn4 &rH), X.233261,dJ= 8. 0 HAr; 2
H), 6.51 (1H, s, 4CH), 6.32 (1H, dJ = 2.5 Hz, 8Ar-H), 6.28 (1H, dJ = 2.5 Hz, 6Ar-
H), 3.323.16 (2H, m, 3CH,), 2.792.63 (2H, m, 5CH,), 2.021.74 (2H, m, 4CH,) ; c
(150 MHz; CDsOD) 158.8 (AFCOH), 156.9 (AFrCOH), 143.6 (AfC), 133.2 (ArQC),

¢
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128. 8 -A-CH)x, 3102/8-CH9, 1274(02 -Ar-CR)110.1 (ArC), 108.8 (6
Ar-CH), 100.1 (8Ar-CH), 55.7 (£CH), 42.8 (3CH,), 33.3 (5CH,), 24.6 (4CH,); m/z
(Cl) 256 (M + H]*, 100%), 239 (M + H]" - OH, 25%; HRMS C;gH1sNO,, calcd
256.1338found 256.1338

8.1021-Benzy}2,3,4,5tetrahydro-1H-benzolclazepine 7,9-diol (209
HO

The title compound was prepared according to the procedure described in section 8.53,
from amine 196 (40.0 mg, 0.161 mmol) anghenylacetaldehyde (28.3 pL, 0.242
mmol). Thecrude prauctwas purified by pregdPLC (Method 2, Gradient Gun time:

30 min,r; = 18.9 min) to give the produeis a pale yellow oil (9.0 mg, 21%]ji4 (600
MHz; CD;OD) 7.287 . 19 ( 3 H;Ar-Hn4 -&\rz2H), X.163281, dJ = 7.5 Hz, 2 x

2 \r-H), 6.19 (1H, dJ = 2.0 Hz, 6Ar-H), 6.09 (1H, dJ = 2.0 Hz, 8Ar-H), 5.42 (1H,

t, J= 8.0 Hz, 1CH), 3.6%3.59 (1H, m, 3CHH), 3.383.23 (4H, m, 1ICHCH,, 3-CHH,
5-CHH), 2.80 (1H, ddJ = 15.5 and 5.5 Hz,-&HH), 2.251.76 (2H, m, 4CH,); ¢ U
(150 MHz; CDsOD) 158.1 (ArCOH), 156.5 (AFrCOH), 142.9 (AfC), 135.7 (ArC),
128. 8 -Ar-@H)x, 2162 8-Ar0CH() 2 A 2AF-€H, 1114 GArC), 108.8 (6
Ar-CH), 99.8 (8Ar-CH), 54.5 (1CH), 42.7 (3CH,), 35.3 (:CHCHy), 33.2 (5CH,),
25.3 (4CH,); m/z(Cl) 270 (M + H]", 100%), 178 (M + H]" - C;Hg, 30%9; HRMS
Ci17H20NO,, calcd 270.1494pund 270.1492

8.103Methyl 4-(7,9-dihydroxy-2,3,4,5tetrahydro-1H-benzo[c]azepin-1-
yl)butanoate (210
HO

NH

OH
OMe
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The title compound was prepared according to tieegrlure described in section 8.53,
from aminel196 (20.0 mg, 0.0806 mmol) arnaldehydel81 (12.6 mg, 0.0967 mmpl
The crude prodct was purified by preplPLC (Method 2, Gradient ,B; = 17.2 min) to
give the product as a yellow 8.0 mg, 80%). Aminor product collected from the
column was lactarfil1(r; = 19.5 min,2.5 mg, 12%.) Uy (600 MHz;CDs0D) 6.23 (1H,
d,J= 2.0 Hz, 8Ar-H), 6.17 (1H, dJ = 2.0 Hz, 6Ar-H), 5.205.15 (1H, m, 1CH), 3.64
(3H, s, O®s), 3.543.46 (1H, m, 3CHH), 3.333.27 (1H, m, 3CHH), 3.183.10 (1H,
m, 5CHH), 2.71 (1H, dd,J = 15.0 and 5.5 Hz, -8HH), 246-2.35 (2H, m,
CH,CO,Me), 2.212.09 (2H, m, 4CHH, 1-CHCHH), 1.961.88 (1H, m, 1CHCHH),
1.81-1.74 (1H, m, 4CHH), 1.7%:1.47 (2H, 1CHCH,CH,); Uc (150 MHz; CD;OD)
175.4 COMe), 159.7 (AFCO), 158.2 (ArCO), 144.8 (ArC), 113.2 (ArC), 110.5 (6
Ar-CH), 101.5 (8 Ar-CH), 53.8 (:CH), 52.1 (QCHs), 44.1 (3CH,), 34.9 (5CH.), 33.8
(CH,CO,Me), 30.0 ((CHCH,), 26.8 (4CH,), 22.2 (:CHCH,CH,); m/z(Cl) 280 ([M
+ HJ", 809%9; HRMS GCisH2:NOQ;4, caled 280.154%0ound 280.1544

8.10410,12Dihydroxy-2,3,6,7,8,1B-hexahydrobenzo[c]pyrido[1,2-alazepin-4(1H)-
one(211)

HO A"~

6
11 12bN

OH 1

(0]

2 3

A solution of aldehydd.81 (6.50 mg, 0.0498 mmol) in acetonitrile (0.5 mL) was adde
to a solution of amin@96(10.3 mg, 0.0415 mmol) in potassium phosphate buffer (0.5
mL, 0.1 M, pH 6), and the mixture was stirred at°@0for 8 h. Sat. KCOs; solution
(0.1 mL) was added to the reaction mixture and stirred fatrr48 h The pH of the
mixture was adjusted to 4 by addition of dilute HCI and concentrated under vacuum to
give the crude product, which was purified imepHPLC (Method 2, Gradient Drun
time: 30 min,r; = 22.7 min) Product containing fractions were concentrated and co
evaporated withmethanol (x3), to yield the produat a yellow oil (4.0 mg, 39%)U04
(600 MHz; CD;0D) 6.19 (1H, dJ = 2.5 Hz, 11Ar-H), 6.05 (1H, dJ = 2.5 Hz, 9Ar-

H), 5.04 (1H, ddJ = 11.0 and 4.0 Hz, 126H), 4.134.07 (1H, m, 6CHH), 2.8%2.78
(2H, m, 6CHH, 8CHH), 2.492.43 @H, m,3-CHy), 2.362.29 (1H, m, 8CHH), 2.25
2.14 (H, m, :CHH, 7-CHH), 1.901.77 (2H, m, 2CH,), 1.691.60 (1H, m, 1CHH),
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1.53-1.43 (1H, m, 7CHH); Uc (150 MHz; CDsOD) 172.6 (NCO), 158.2 (ArCO),
156.3 (AFCO), 140.3 (AfC), 117.6 (ArC), 109.3 (9Ar-CH), 101.9 (11Ar-CH), 60.5
(12bCH), 43.1 (6CH,), 32.9 (3CH,), 30.6 (xCH,, 8-CH,), 26.0 (#CH,), 21.2 (2
CH); m/z(ES) 248 (M + H]*, 100%; HRMS G4H1gNO;s, calcd 248.1287, found
2481263.

8.1052-(4-Isobutyl-3-nitrophenyl)propanoic acid (213"

8 OH

2 O

NO,
The title compound was prepared based on a literature procdéduré% Nitric acid
(0.80 mL) was added dropwise to solution of 2-(4-isobutylphenyl)pppanoic acid
(2.00 g, 970 mmo) in concentrated sulfuric acid (12 mL) at®. The reaction mixture
was stirredat rt for 1.5 h, thepoured into ice cold water (100 mL) amcktracted with
EtOAc (4 x 50 mL). Theombinedorganic extracts were washed with water (30 mL),
brine B0 mL), dried (MgS@) and solvent removeith vacuoto give the crude product
as a yellow oiwhich was purified byolumn chromatographfhexane/EtOAc5:1) to
give a mixture othe starting material and producthe starting material was removed
by recrystallisationfrom EtOAc/hexane to give thgroduct as a pale yellow sol{@64
mg, 31%) R 0.65 (hexane/EtOAc, 1:1)mp 9495 °C (lit'"® 84 °C, methanol U
(500 MHz;CDCls) 7.82 (1H, dJ = 2.0 Hz, 2Ar-H), 7.46 (1H, dd,J = 8.0 and 2.0 Hz,
6-Ar-H), 7.287.24 (1H, m, BAr-H), 3.79 (1H, gqJJ = 7.0 Hz, GHCO.H), 2.76 (2H, dJ
= 7.0 Hz, G,CH(CHs)), 1.961.85 (1H, m, ®I(CHs),), 1.55 (3H, d,J = 7.0 Hz,
CH(CH3)CO.H), 0.91 (6H, dJ = 6.5 Hz, CH(®3),); Uc (125 MHz; CDCL) 179.0
(COzH), 149.8 (ArC), 138.9 (ArC), 135.6 (ArC), 133.1 (5Ar-CH), 131.7 (6Ar-CH),
123.9 (2Ar-CH), 44.5 CHCOH), 41.5 CH,CH(CHs)2), 29.5 CH(CHs),), 22.5
(CH(CHs3)2), 18.0 (CHCH3)COH); m/z(ES) 250 (M i H], 20%), 206 [M i H] -
CO,, 100%); HRMS G3H16NOq4, calcd 250.1079, found 250.1057.
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8.106 2(3-Amino-4-isobutylphenyl)propanoic acidtrifluoroacetic acid salt (215

OH
o)
NH, TFA

Pd/C 10 wt. % (10 mg was added to a solution tfe nitro compoun@13 (100 mg,
0.398 mmol) inmethanol (6 mL). The flask was evacuated @filled with H, usng a
H, balloon. The reaction was stirred at rt for .5 Tihe reaction mixture was filtered
through Celite and ashed with methanol (2 x 15 mL). The solvent waaporatedn
vacuoto give the crude product which was purifiedgrgpHPLC (Method 2, Gradient
C, run time: 20 min, flow rate: 8 mL/min, ¥ 210 min) to give theproductas a yellow
oil as the TFA salf49.1 mg, 37%). U4 (600 MHz; CQOD) 7.35 (3H, m, 3 x AH),
3.75 (1H, gJ = 7.0 Hz, GHCO,H), 2.57 (2H, dJ = 7.5 Hz, G,CH(CHk)3), 2.061.90
(1H, m, CHCH(CHs),), 1.47 (3H, dJ = 7.0 Hz, CH(G13)CO,H), 0.97 (6H, dJ = 6.5
Hz, CH(Hs),); Uc (150 MHz; CDsOD) 177.5 CO.H), 142.4 (ArC), 134.3 (AkC),
132.9 (ArCH), 131.8 (ArC), 128.6 (ArCH), 123.0 (ArCH), 45.9 CHCO,H), 40.1
(CH2CH(CHs)2), 29.7 CH(CHa),), 22.6 (CHCH3),), 18.9 (CHCH3)CO,H); m/z (El)
222 (M + H]*, 30%), 179 [M + H]" - CO, 100%; HRMS G3Hi1NO,, calcd
221.1416found 221.1419

8.107 Methyl 2(4-bromomethyl)phenyl)propanoate (218%*°

OMe
Br o

To a solution of 2(4-(bromomethyl)phenyl)propanoic acid (2.00 g, 8.23 mmial)
methanol (40 mL) was addedncentraed H,SO, (2 drops)andthe solution stirred at rt
for 19 h. The solvent was evaporated and the residue dissolved in3@$00inL). The
organic phasevas washed with saNaHCG; (2 x 20 mL), brine (20 mL), dried
(NaS(Oy) and solvent removeid vacuoto give the crude product as a yellow oil which
was purified by column chromatographidxane/EtOAc9:1) to yield theproduct as a
colourless 0i(1.64 g, 77%) Rr 0.29 hexane/EtOAL9:1); Uy (500 MHz; CDC}) 7.38
(2H, d,J = 8.0 Hz, 2 x AfH), 7.307.25 (2H, m, 2 x AiH), 4.52 (2H, s, €:Br), 3.72
(AH, q,J = 7.0 Hz, HHCOMe), 3.66 (3H, s, OB3), 1.49 (3H, d,J = 7.0 Hz,
CH(CH3)CO:Me); Uc (125 MHz; CDC}) 174.8 CO.Me), 140.9 (ArC), 136.7(Ar-C),
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129.4 (2 x ArCH), 128.0 (2 x AfCH), 52.2 (QCHs), 45.2 CHCO;Me), 33.3 CH.Br),
18.6 (CHCH3)CO:Me); m/z (Cl) 259 ((3'Br)M + H]*, 15%), 257 [("BnNM + HJ",
15%), 177 k1" - Br, 100%); HRMS G1H14"°BrO,, calcd 257.0177, found 257.0173

8.108Ethyl 1-(4-(1-methoxy-1-oxopropan-2-yl)benzyl)-2-oxocyclopentanel-
carboxylate (222)%1°

0 OMe

CO,Et
Ethyl 2-oxocyclopentanecarboxylate (0GB8L, 3.89 mmol) was added to a stirred
suspension oK,CQO; (0.967 g, 7.00 mmol) in acetone (BL). After stirring at t for
15 min,compound218 (1.00 g, 3.89 mmol) was added atte resulting mixture was
refluxed for 16 h. The reaction mixture was concentraiadvacuo The residue was
dissolved in CHCI; (100 mL) and washed with s&flaHCG; (2 x 50 mL), brine (50
mL), dried (NaSQy) and solvent removedh vacuoto give the crude product as a
colourless oil, which was purified by column chromatography (hexane/Et@A&cto
give the producas a colourless o{D.784 g, 61%) R; 0.18 (hexanktOAc, 9:1); Uy
(500 MHz; CDC}) 7.17 (2H, dJ = 8.0 Hz, 2 x AfH), 7.08 (2H, dJ=8.0 Hz, 2 x Ar
H), 4.16 (2H, qJ = 7.0 Hz, O®,CHs), 3.803.60 (4H, m, GICO,CHj3), 3.263.00 (2H,
m, CH,), 2.5061.55 (6H, m, 3 x @), 1.46 (3H, dJ = 7.0 Hz, CH(E5)CO:Me), 1.24
(3H, t,J= 7.0 Hz, OCHCHz3); Uc (125 MHz; CDC}) 214.9 CO), 175.0 CO,), 171.0
(COy), 139.1 (ArC), 135.6 (ArC), 130.5 (2 x AfCH), 127.5 (2 x A¥CH), 61.7 and
61.5 CCO,CH,CH3), 52.1 (QCH3), 45.1 CHCOMe), 38.6 CH,), 38.3 CH,), 31.8
(CH>), 19.5 CH,), 18.6 (CHCH3)CO:Me), 14.1 (OCHCH3); m/z(El) 332 (M*, 30%),
199 M™ - CsHgO4, 100%); HRMS CygH,40s, calcd 332.1624found 3321621

8.109 2(4-((2-Hydroxycyclopentyl)methyl)phenyl)propanoic acid (224

32 OH OH

4 1 le)

Sodium lorohydride (9.37 mg, 0.248 mmolvas added portionwise to aolution of
loxoprofen79 (24.4 mg, 0.0991 mmol) in methanol (1.5 mL) atd@) andstirred at t
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for 2 h. The reaction mixture was contr@tedin vacuo The resulting residue was
dissolved inaqueousl M HCI (5 mL) and extracted with CHE[3 x 10 mL). The
combined organic extracts wengashed with brine, dried (M8OQ:) and solvent
removedin vacuoto give the producas a white solid @3 mg, 95%)as a3:1 mixture
of the trandcis diastereoisomerat C-1 and G2 (determined byH-NMR and based on
assignments reported by Narwbal).'®® M.p.84-108°C (lit'®* 75-111°C range for all
8 diastereoisomers) Uy (600 MHz; CDC}) 7.257.10 (4H, m, 4 x AH), 4.123.86
(1H, m,2-CH), 3.71 (1H, q,J = 7.0 Hz, GHCO,H), 2.852.45 (2H, m, 1CHCH,), 2.05
1.52 (6H, m, 1CH, 3-CH,, 4-CH,, 5CHH), 1.51 (3H, dJ = 7.0Hz, CHs), 1.301.18
(1H, m, 5CHH); Uc (150 MHz; CDC}) 179.7 CO.H), 141.1 and 140.4 (AE), 137.5
and 137.3 (AIC), 129.3 and 129.1 (2 x ATH), 127.7 (2 x A¥CH), 78.6 and 74.5 (2
CH), 49.8 and 47.6 (CH), 44.9 CHCO,H), 39.4 and 35.2 (CHCH,), 34.9and 34.2
(3-CH,), 29.9 and 28.8 (EH>), 21.9 and 21.6 (€H,), 18.3 CHs); m/z(El) 248 (M,
30%), 230 K" - OH,, 85%), 185 " - CH30s, 100%; HRMS C;sH»00s, calcd
248.1412found 248.141.

8.110 2(4-((2-Aminocyclopentyl)methyl)phenyl)propanoic acidtrifluoroacetic acid
salt (225

Ammonum acetate (62.6 mg, 0.812 minalas added to stirred solution af{oprofen
79 (20.0 mg, 0.0812 mmplin methanol (2.5 mL)at rt After 5 min, sodium

cyanoborohydride (6.12 mg, 0.097mmol) was added to the reaction mixture and

stirred at t for 48 h. The solvent was removiadvacuoand theresulting residuaevas
purified byprepHPLC (Method 2, Gradient ,Gun time: 25 min, flow rate: 8 mL/min,
rr=17.8min). Appropriate fractionsiere evaporateth vacuq and the resulting solid
was recrystallised from ED/CH;OH to give the product as a white sobd the TFA
salt (13.6 mg, 466) as a6:1 mixture of cigtrans diastereoisomerat G1 and G2
(determined byH-NMR). M.p. 3842 °C; gma/cmi®2970, 1668, 1513 (600 MHz;
CD:OD) 7.26 (2H,dJ= 8. 0 HAr;H), 218 @2H,21= 8. 0 HAr-H), 2
3.723.65 (1H, m, GICO,H), 3.323.25 (LH, m,2-CH), 2.972.89 (1H, m, 1ICHCHH),
2.532.39 (1H, m, 1ICHCHH), 2.262.11 (2H, m, 1CH, 3-CHH), 1.881.61 (4H, m, 3
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CHH, 4-CH,, 5-CHH), 1.491.38 (4H, m, 5CHH, CHs): Uc (150 MHz; CROD) 178.4

(CO,H), 140.6 (ArC), 139.9 (ArC) , 130. 1 a RAI-CH)2,9.192 §-88 x( B 6x 20
CH), 57.8 and 56.2 (ZH), 47.8 and 45.3 ¢(CH), 46.2 CHCO,H), 39.6 and 35.5 (1

CHCH,), 31.6 and 31.4 (€H,), 31.2 and 29.2 (EH,), 23.3 and 22.4 (EH,), 19.0

(CHs): m/z(Cl) 248 (M + H]*, 100%: HRMS GsH»NO;,, calcd 248.1651, found

248.1652

8.111 1Benzy}1,2,3,4tetrahydroisoquinoline-6,7-diol trifluoroa cetic acid salt

(239122
HO O
HO NH
.TFA

A 0.1 M stock phosphate solution was prepared by dissolvingetiigredphosphate
(0.600 mmol) in water (4 mL) and adjustinché pHto 6 by adding e appropriate
amount of diluteaqueousHCI or NaOH solution The solution was thediluted to 6
mL. Dopamine hydrochloride (60.0 mg, 0.316 mmol) and phenylacetaldefi4.0
pL, 0.380 mmol) were added to a mixture of water (1 mL), phosphate stoclosq(Rti
mL, 0.1 M, pH 6) and acetonitrile (3 mL). The solution was stirred &iC5fbr 4 h.
The reaction mixture wasoncentrated under vacuum k&t in the blowdown unit
overnight to remove the volatiles. @E,/CH;OH 1:1 (10 mL) was added to the
resutant residue and the suspension passed through a filter to remove the solid. The
filtrate was evaporated to drynessd the crude product was purified by eithegppr
HPLC (Method 2, Gradient ,Er; = 20.4), or MDAP (Gradient A, = 13.9 min).
Appropriatefractions were combined and solvent remoiwedacuoto yield the product
as a yellow solid as the TFA saliiy (600 MHz; C3OD) 7.457.28 (5H, m, 5 x AH),
6.63 (1H, s, BAr-H), 6.59 (1H, s, #Ar-H), 4.704.60 (1H, m, 1CH), 3.503.23 (3H, m,
3-CH,, 1-CHCHH), 3.1%2.87 (3H, m, 1ICHCHH, 4-CH,); Uc (150 MHz; CQOD)
149.9 (AFCOH), 145.8 (AFCOH), 136.7 (AfC), 130.6 (2 x AfrCH), 130.2 (2 x Ar
CH), 128.8 (ArCH), 123.6 (ArC), 116.2 (5Ar-CH), 114.2 (8Ar-CH), 57.4 (1CH),
41.3 CH,), 40.9 CH,), 25.7 (4CH,); m/z(ES) 256 (M + H]", 100%).
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8.1128Br o mo a d e-manaphorpbate®3)'®®
NH,

B
o K

I

o °

OH OH

The title compound was prepared following a literature procediirélo a stirred
solution of adenosine monophosphate disodium salt (2.00 §, RrBol) in sodium
acetate buffer (0.5 M, 80 mL, pH 4) was added saturated aqueous bromine (25 mL).
After 3 h, further saturated aqueous bromine (25 mL) was added, and stirtréat &1r
h. The aqueous solution was washed with chloroform (4 x 50 mL)esagorated to
dryness to give the crude product as eange solid (4.49 g, >100f0owhich was used
without further purification.A sample of the crude product was purified by prEpLC
(Method 3, Gradient E; £ 8.3 min) and was used the synthesis ofiucleotides235
and236. Residual sodium acetabeas pesent in the crudand purifiedproduct 0.5 eq)
as determined byH-NMR. M.p. > 300°C (decompsed ; u (60@ MHz D,0O) 8.21
(1H, s,2-CH), 6.12 (1H, dJ = 6.0 Hz,1 &€H), 5.33 (1H, tJ = 6.0 Hz,2 &€H), 4.60
(1H, t,J = 6.0 Hz,3 &€H), 4.304.25 (1H, m4 &H), 4.123.97 (2H, m5 &€H,) ; ¢ U
(150 MHz; D,0) 155.0 C), 153.6 2-CH), 151.0 C), 128.9 C), 120.0 C), 89.9 (L 6
CH), 84.7 ¢ &€H), 71.2 @ &€H), 70.4 @ &€H), 64.2 6 &H,).

8.113 8Phery |  a d e nmosdphosphatedisodium salt (235
NH,
IO
+Na‘O—(IP?—O \NO |
(I)'Na+
OH OH

The title compound was prepared following a literature procedtir8-Br-AMP 234
(120 mg, 0.245 mmol), phenylmmic acid (37.3 mg, 0.306 mmglpotassium
carbonate (50.9 mg, 0.368 mmol), sodium tetrachloropalladate(ll) (1.80 mg, 6.13 pumol,
2.5 mol%) and triphenylphosphi8, 3 -frisuBoaic acid trisodium salt (8.70 mg, B5.
pmol, 2.5 eq to Pd) were aéd to a flask and purged with argobegassed water (6

mL) was added via syringe and the reaction was stirred ¥ & 1.5 h. The resulting
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dark brown solution was filtereénd tke filtratewas purifiedby prepHPLC (Method 3,
Gradient Cr; = 17.5min). Appropriatefractions were combined¢oncentrate@dndco-
evaporated with methanol to remove residual TEAB. The resulting solid was dissolved
in water, and pH adjusted to 8 by additionagjueoust M NaOH. The solutionvas
concentratedh vacuoto give the producas a brown solid (96.2 mg, 84%M.p. > 300
°C (decomposed)jiy (600 MHz; DO) 8.28 (1H, s, LH), 7.77 (2H, dJ = 7.0 Hz, 2 x
Ar-H), 7.767.61 (3H, m, 3 x AH), 5.75 (1H, dJ= 6 . 0 -CH)z5.06 (Ltt, J =
6. 0 HH) 4123. 92 ( 4GH, -GHP -GHY); Uc (150 MHz; DO) 156.0
(C), 154.0 (2CH), 153.3 ), 150.9 ), 131.7 (ArC), 130.2 (2 x ArCH), 129.6 (2 X
Ar-CH), 128.8 (ArCH) 119.2C) , 91CH) , ( 8&H)1, ( A-BH)870.¢ (HO
CH) , 6 &H,)) m(z&ESl) 422 (M i H], 100%; HRMS CiHi/NsO-P, calcd
422.0865, found 422.0853.

8.1148Napht hyl a-chaopbosphategiethyl®nmonium salt (236

NH, 12 13
| \
O k\ N O 5
il N 17 16
HO-P-0— o

OH EtsN (1.67 eq)
OH OH

The title compound was prepared accordm¢hie procedure described in section 8,113
from 8Br-AMP 234(120 mg, 0.245 mmol) andaphthylboronic acid (52.6 mg, 0.306
mmol). The crude product was purified by pildpPLC (Method 3, Gradient D; ¥ 20.0
min). Product containing fractions were centratedn vacuoto give the product as a
yellow solid as the triethylammonium saf1(6 mg,39%, 1.67 eq TEA as determined
by *H-NMR). M.p. > 300°C (decomposed)jiy (600 MHz; D:O) 8.01 (1H, s, 1HAr-

H), 7.93 (1H, s, LH), 7.927.79 (3H, m, 12Ar-H, 15-Ar-H, 16Ar-H), 7.61 (1H, dJ

= 8.5 Hz, 17Ar-H), 7.57%7.52 (2H, m, 13Ar-H, 14Ar-H), 5.91 (1H,dJ= 6. 0- Hz ,
CH),5.18 (1H,tJ= 6 . 0-CH)z4,46 2HHtJ= 6 . 0-Ci)z4,234309 (3H, m,

4 &H, -CH§), 3.17 (10H, qJ = 7.0 Hz,CH, TEA), 1.26 (15H, t,J = 7.0 Hz,CHs
TEA); Uc (150 MHz; D:O) 155.1 C), 153.0 C), 152.7 (2CH), 150.1 C), 134.0 ©),
132.6 C), 129.9 (11Ar-CH), 129.4 (ArCH), 129.1 (16Ar-CH), 128.5 (ArCH), 128.2
(Ar-CH), 127.7 (ArCH), 126.0 (17Ar-CH), 125.3 ), 1189 C) , 8 ICHK 8381 6
( 4GH), 70.8( 2GH) , 7CH)R2, ( B46HB41Q EH, TEA), 8.8 CH;z TEA);
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m/z (ES) 472 (M i H], 100%; HRMS GCyHigNsO:P, calcd 472.1022, found
472.1011.

8.1158(4-Hy dr o xy ) p h e n y-monaphosphaiesiethyl@anmdbrnium salt
(237)

NH,

= N
N:I \>—< >—0H
Q N~ N
HO-P-0 o

OH Et3N (1.67 eq)
OH OH

The title compound was prepared according to the procedure described in section 8.113,
from 8Br-AMP 234 (300 mg, 0.635 mmol) and-Hydroxyphenylboronic acid (139 mg,

1.01 mmol). The crude product was purified by pr#LC (Method 3, Gradier#, r; =

21.5 min). Product containing fractions were concentrate@cuoto give the product

as a brown solid as the triethylammonium salt (30cg1 5% over 2 -steps
AMP, 1.67 eq TEA as determined Byi-NMR). Uy (600 MHz; D:O) 8.22 (1H, s, 2
CH), 7.49 (2H, dJ = 7.0 Hz, 2 x ArH), 6.93 (2H, dJ = 7.0 Hz, 2 x ArH), 5.87 (1H, d,

J= 6. 0-CHz521 (W, tJ= 6. 0-CH)z4.4842.64 4 ( LGH), 4.26, 3
4. 10 ( 30H, -GnH), 3.216(10H, gJ= 7.5 Hz,CH, TEA), 1.29 (15H, t)J=7.5

Hz, CHs TEA); Uc (150 MHz; D,O) 158.7 C), 154.8 C), 153.8 C), 151.9 C), 150.5
(2-CH), 131.7 (2 x AfCH), 119.9 C), 118.4 (), 116.3 (2xACH) , 8-BH)®B3.71 106
(4aH) , 7-€H)B, ( 26H)265.2 (H6H,), 47.3 CH, TEA), 8.9 CH; TEA);

m/z (ES) 440 (M + H]", 100%) HRMS CigH1oNsOgP, calcd 440.0971, found
440.0960.

(@}

8.116 8(4-Met ho xy ) p h e n y-imonaphosphatesiethyl@anmdbnium salt
(238

NH,

N o’ N
Lo
(0] \N N

11
HO—IID—O o
OH EtsN (1.1 eq)
OH OH
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The title compound was prepared according to the procedure describetian 8el13,
from 8Br-AMP 234(300 mg, 0.635 mmol) and@ethoxyphenylboronic acid (153 mg,
1.01 mmol). The crude product was purified by pHLC (Method 3, Gradient B; #
24.0 min). Product containing fractions were concentrate@cuoto give the product
as a grey solid as the triethylammonium salt (4812 6 % over 2 -MMPeps from &
1.1 eq TEA as determined Bi-NMR). Uy (600 MHz; DO) 8.17 (1H, s, TH), 7.48
(2H, d,J = 8.0 Hz, 2 x AH), 6.92 (2H, d,J = 8.0 Hz, 2 x AfH), 5.83 (1H, dJ = 6.0
Hz ,-CH),6.20 (1H,dJ= 6. 0-CH)z4,5042.604 5 ( 1GH), 4.254.12 338l
m, -CH0 -GH$), 3.84 (3H, s, O8j), 3.20 (6.6H, qJ = 7.5 Hz, &, TEA), 1.28
(9.9H, t,J = 7.5 Hz, G5 TEA); Uc (150 MHz; DO) 161.3 C), 154.7 C), 153.3 ©),
151.9 €), 150.3 (2CH), 131.3 (2 x ArCH), 120.3 ), 118.7 C), 114.8 (2 x AfCH),
89.6CH() 16 8&HB, (ABH), (2€&HR, (8&HB 560 BH;),
47.3 CH, TEA), 8.9 CHs TEA); m/z (ES) 454 (M + H]*, 100%) HRMS
C17H21Ns06P, @lcd 454.1128, found 454.1119.

8.1178(4-Ni t r o) p h e ny kmormophesphatstriethygamrBodium salt (239

NH,
N/ N 10 11
O NO,
? N~ N
HO-P-0 o
OH Et3N (1.2 eq)
OH OH

The title compound was prepared according to the procedure described in section 8.113,
from 8Br-AMP 234 (300 ng, 0.635 mmol) and -#itrophenylboronic acid (169 mg,

1.01 mmol). The crude product was purified by pHpLC (Method 3, Gradient C, run

time: 40 min, ¥ = 26.0 min). Product containing fractions were concentriatgecuoto

give the product as a yellogolid as the triethylammonium salt (20, 10% over 2

st eps -AMPARedTEA as determined Bii-NMR). Uy (600 MHz; D:0) 8.32

(2H, d,J = 8.0 Hz, 2 x 14Ar-H), 8.22 (1H, s, Z’H), 7.89 (2H, dJ = 8.0 Hz, 2 x 10

Ar-H), 5.86 (1H,dJ= 6. 0-CH)z5,27 AHHtJ= 6 . 0 -CH)z4,544249 (1H,

m, -CHp4.244 . 12 ( 3CH, -@p, 32£D(7.2H, gqJ = 7.5 Hz, B, TEA),

1.28 (10.8H, tJ = 7.5 Hz, i3 TEA); Uc (150 MHz; BD;O) 155.0 C), 153.5 (2CH),

151.4 C), 151.1 ©), 149.1 ©), 134.7 C), 131.2 (2 x 10Ar-CH), 124.6 (2 x 14Ar-
CH),119.3(C),89 . 4CH() 1 6 8-BH)9, (A4®BH), (2@GH)L, (8®BH)L (506
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47.3 CH, TEA), 8.9 CHs TEA); m/z (ES) 469 (M + H]*, 100%) HRMS
C16H18N609P, calcd 469.0873, found 469.0874

8.118LTB 4 synthesis inhibition assayGVK Bio)

The assay was conducted by GVK Bio (GVK Biosciences, Private Limited,Nelo
28A, IDA Nacharam, Hyderabad 500076, India). Personnel involved: Dr P.
Arumugam and Dr R. Issac.

Materials LTB4 parameter six pack (R&D biosystems, SKGE006B), RPMI 1640 cell
culture medium (Sigm& | dr i ¢ h, R6504) , Hankos Bal al
(Invitrogen, 14025076), Dimethyl sulfoxide (Sigddrich, D2650), Recombinant

human complement component C5a protein (R&D biosystems,-28325), Foetal

bovine serum (Gibco, 1027106), PencillinStreptomycin (Gibco, 1514022), Ficoll

Paque PLUS (GE éhlthcare, 17144002), Dextran solution (Sigiidrich, D8802).

Protocot Neutrophils were isolated from human peripheral blood by figadue
density gradient centrifugation and dextran sedimentation. The freshly isolated
neutrophils were seeded at 1dMtumbers/well in a 9@ ell plate. Neutrophils were
dosed with reference compound at a top concentration of 300 nM and test compound at
a top concentration of 1M with a 1:3 step down dilution for 10 points. Neutrophils
were incubated at 3°C in a G, incubator for 1 h, tbn stimulated with 50 ng/mL of
recombinant human complement component C5a (1 mg/mL stock). The neutrophils
were incubated at 37C in a CQ incubator overnight. The cell supernatant was
collected from each well and diluted downaaol:10 dilution prior to conducting the
ELISA. LTB, release from the neutrophils was assessed by using anparBmeter

kit following the manufacturerds instrucil

8.119In-houseLTB 4 synthesis inhibition assay

The assay was carried out in cobtasationwith Dr Dean Willis at the UCL pharmacy
department. The development of the MS method and analysis wasdcaui in

collaboration with DiLisa D. Haigh in the UCL chemistry mass spectrometry facility
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Materials LTB4 was purchased from Sigrfddrich as a 100pg/mL solution in
ethanol, purityO97% The stock solution of LTBwas preparedy dilution of the
purchased LTB sample to 10 pug/mL in methanahd wasstored ati 20 °C. The
standard solutionsequiredfor the calibration curveconcentrations 010, 5, 2.5, 1.25,
0.625, 0.3B, 0.156 and 0.078 pg/mLwere prepared from thstock LTB,4 solution
through serial dilutionwvith methanol

LC-MS systemLC-MS analysis waperformedon anAgilent 1100 HPLC systemsing

a C8 column at room temperature, eluting with solvents A/B (AmM ammonium
acetate in water, B: 10 mM ammonium acetate in acetonitrile). The flow rate was 200
pL/min and the gradient employed was: 0 min (A: 99%, B: 1%), 11 min (A: 1%, B:
99%), 11.1 m (A: 1%, B: 99%). The sample injection volume wasph. The mass
spectra were recorded onTédermo FinniganLTQ ion-trap mass spectrometer using
negative mode electrospray ionisatioBeleceéd ion monitoring (SIM) was used over

the mass rangevz 334-337. For LTB concentration quantification, an eight point
calibration plot was used (LTByuantification range 0.080 pug/mL) using the peak

area atg= 10 min.

Protocol A (using mouse leukocytes) The cels( 1000 cel | s/ mL) i n Dul
mo di f i esdnediuan(@.5 mL) were treated witthe test or reference inhibit¢t0

mM in DMSOQO). After 10 min the cells were treated with calcium ionophore A23187 (5

uM) for 4 h. The cell supernatant was collected from each well and centrifuged, and

thentreated wih dichloromethane (2.7 mL) aradsolution ofmethanolcontaining1%

formic acid (0.3 mL). The top ya@r was removed. Therganic layer was passed

through a filter (syringe filters, Klarify!, PVDF, 13 mm, 0.2 pm), and concentrated

vacua The residuevas reconstituted in 50 uL methanol for IMS analysis. Each

experiment was carried out in triplicatéAs a contro] each experiment was repeated

with either no stimulant (calcium ionophore) added, no inhibitor added, or both

stimulant and inhibitor naddded.

Protocol B (using human neutrophils HL60) Neutrophils (1000 cells/mL or 2000

cell s/ mL) in Dul beccobds modifiedcaEBagl ebs medi
ionophore A23187 (10 uM) for 10 minThe cell supernatant was collected from each

well and centrifugedand then treéad with dichloromethane (4.5 mL) aadsolution of

methanolcontaining 1% formic acid (0.5 mL).The top layer was removed. The
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organic layer was passed through a filter (syringe filters, Kfatjt VDF, 13 mm, 0.2
pum), and concentrateth vacuo The residue was recoitgted in 75 pL methanol for
LC-MS analysis. Each experiment was carried out in triplicaté&s a control, each
experiment was repeatedchereno simulant (calcium ionophorgjasadded.

8.120CRTh2 antagonistic activity assay (Euroscreen FAST)

The assay was conducted by Euroscreen (Euroscreen FAST Business Unit, Euroscreen
SA, 47 Rue Adrienne Bolland, 6041 Gosselies, Belgium). Personnel involved: Jerome
Bernard and Sophie Brogniet.

Materials Assay buffe i 20 mM HEPES pH 7.4, 200 mM NacCl, 1@/mL saponin,
MgCl, at optimised concentration for the specific receptor, 0.1% BSA. Membranes
CHO-K1 cells expressing recombinant human CRTh2 receptor, membrane extracts
thawed on ice, diluted in assay buffer &eght on ice. GDR diluted in assay buffer to

give optimised concentration for the specific receptor. Be&®VT-WGA (Amersham,
RPNQOO1)diluted in assay buffer at 50 mg/mL. GTH#S]1 (PerkinElmer NEG030X)
diluted in assay buffer to give 0.1 nM.

Protocol: For antagonist testing, membranes were mixed with GDP (volume:volume)
and incubated for 15 min on ice. In parallel, GT5] was mixed with the beads
(volume:volume) just before starting the reaction. The following reagents were
successively addein the wells of an Optiplate (Perkin Elmer): Pl of test or
reference ligand, 2L of the membranes:GDP mix, 1L of reference agonist (PGP

at historical EG (12 nM) and 20uL of the GTP *%8]:beads mix. The plates were
covered with a top seal,ixed on an orbital shaker for 2 min, and then incubated for 1 h
at room temperature. Then the plates were centrifuged for 10 min at 3000 rpm,
incubated at room temperature for 1 h and counted for 1 min/well with a PerkinElmer

TopCount reader.
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8.121High throughput SPOTi assay (Bhakta group, Birkbeckj°

The assays were conducted Agundhati Maitra and Dr &isa N. Mortazavi in the
Bhakta group in the Mycobacterial Research Laboratory at Birkbeck, Unwersit
London.

M. aurum was grown in Middlebrook 7H9 broth supplemented with 0.02%%) (
glycerol, 0.05% V/v) tween80 and 10% oleic acid, albumin, dextrose and catalase
(OADC; BD Biosciences) as a shaking culture at 10n at 35 C. The
antimycobacteriafctivities of the compounds were tested following the SP®The

high throughput growth inhibition assay was conducted in a-aatomated6 well

plate format. ©mpounds dissolved in DMSO at a final comication of 50 mg/rh

were serially diluted and dispensed in a volume of 2 pL into each well of a 96 well plate
to which 200 uL of Middlebrook 7H10 agar medium kept at 65supplemented with
0.05% /v) glycerol and 10%\Wv) OADC was added. A well with ncompounds
(DMSO only) and isoniazid were used as experimental controls. To all the plates, a drop
(2 pL) of mycdvacterial culture containing 2 ¥0° colony-forming units (CFUs) was
spotted in the middle of each well and the plates were incubated & f8r 5 days.

The minimum inhibitory concentrations (MICs) were determined as the lowest
concentrations of the compound investigated where mycobacterial growth was

completely inhibited by the presence of the compound.

8.122Eukaryotic cell cytotoxicity testing (Bhakta group, Birkbeck)

The assays were conducted Byundhati Maitra in the Bhakta group in the

Mycobacterial Research Laboratory at Birkbeck, University of London.

The assay was performed in-@@ll cell culture flatbottom plates in duplicate2 uL of
the compounds, dissolved in DMSO to a concentration g, were placed in wells
(row - A) containing 198uL of RPMI-1640 supplemented withrBM L-glutamine and
10% heat inactivated fetal bovine serurfol2l serial dilutions were made (row® to
H/F) and DMSO only was used as a control. To each well,  100f RAW 264.7
murine macrophage cells ¢610° cells/mL) was addedAfter 48 h of incubation, the
monocytes were washed twice withkIPBS, and fresh RPM1640 complete medium

was added.Plaes were then treated with 3Q of freshly prepared 0.01% resazurin
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solution and incubated overnight at 3€. A change incolour from blue to pink
denoted theviable cell activity. Visual colour changes were recorded and the
fluorescence intensity wasema s ur ed ( F | ue.p560ntmgch SHOMME Fhee | o8
growth inhibitory concentration (GIC) is determined as the concentration at which >
90% inhibition of cell viability is observed.

8.123Efflux pump inhibition assay (Bhakta group, Birkbeck)

The assay were conducted bgrundhati Maitra andDr Parisa N. Mortazavi in the
Bhakta group in the Mycobacterial Research Laboratory at Birkbeck, University of
London.

The assay was modified froapreviously published protocdt® M. aurumwas grown

until it reached early logarithmic stage of growth @3- 0.8). The Oy was then
adjusted to 0.4 by diluting the cells with culture medium. The suspension was
centrifuged at 3000 rpm for 10 min, the supernatant dissarded and the pellet was
resuspended in 1énL of sterile 1x PBS. The test samples contained:64x 10
bacteria/mLin PBS, 0.4% glucose (as a source of energy for efflux pumps activity), 0.5
mg/L ethidium bromide (as a substrate for efflux pumps) twedcompounds being
tested at suMIC concentrations. Blank samples contained all of the components
mentioned above except the bacterial suspension, which was replaced xviRiBS3.

The experiment was performed in a-®6Il plate (Corning) which was placead a
fluorimeter (FLUOstar OPTIMA, BMG Labtech) and the instrument was programmed
with the following parameters: wavelengths of 544 nm and 590 nm for excitation and
detection of fluorescence, gain 2200, a temperature of°GQ7 and a cycle of
measurementvery min for a total period of 60 minThe accumulation or efflux of

ethidium bromide was monitored for the mentioned period on dinealbasis.

8.124Synergism assay (Bhakta group, Birkbeck)

The assays were conducted Byundhati Maitra in the Bhakta rgup in the

Mycobacterial Research Laboratory at Birkbeck, University of London.
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The synergistic effect of the TRk wa examined in combination with isoniazid
rifampicin and ethambutchgainstM aurum The assay was conducted in aveéll
microtitre plae using a SPOTIi checkerboard distribution. The compounds were serially
diluted in DMSO from siiMIC concentrations and lower. Each column of thensl
plate contained different concentrations of test compounénd each row contained
different concentations of the firsiine drug. Row 12 and column G contained drugs
andtest compoundsnly as controls. A row with only DMSO served as an additional
control. The checkerboard was constructed by addipd. dbf each of the stock
concentrations to the corresmling well and then dispensing 200 pL of warm (&5
Middlebrook 7H10 agar medium supplemented with 19086 (OADC. The plates were
then spotted witthl. aurum The plates were incubated at€for 5 days.

The fractional inhibitory concentration (FIGrfeach compound was calculated using
the following formuld'”: FICrgaug = [MIC of TB-drug in the combination with
THIQJ/[MIC of TB-drug alone] and similarly, Fiuq = [MIC of TB-drug in the
combination with THIQ]/[MIC of THIQ alone]. The fractional iddiiory concentration
index (FICI) was calculated using the following formula: FICI = fl&ug+ FICrio.
FICI >X0.5 indicated synergism, FI{4 indicated antagonism, and values in between

corresponded to additivity or no interactidfi.

8.125Pharmacokinetic and Pharmacodynamicassays (Pharmidex)

The assays were contracted to and performed at Pharmidex (PhaPhatexaceuticals
Ltd, 3¢ Floor, 14 Hanover Street, Mayfair, London, W1S 1YH). Personnel involved: Dr
M. Chishty and Dr M. Yaqoob.

Aqueous kinetic solubilityassay Aqueous kinetic solubility was measured at a

concentration of 1 and 0.1 mg/mEach experment was carried out in triplicate, and

pimozide (low aqueous solubility control) and propranolol (high aqueous solubility

control) were used as reference standarfike compounds were equilibrated in 5%

DMSO in phosphate buffered saline (pH 7.4) at 2i6€24 h. The samples were
centrifuged at 15000 g forl0mimM 100 &L sample of the superna
collected and the soluble amount of compound quantified using&®AS. A

standard curve for each compound was prepared in 100% acetoriitnige solubility
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results were reported as low (less than 0.1 mg/mL), mediuni @3 mg/mL) and high
(greater than 0.5 mg/mL).

Human microsome stability assa§tock solutions of the test compounds were prepared
in DMSO (10 mM). The stock solutions veeadded taPBSto give anincubation
concentrationof 1 puM. Microsomes (0.5 mg/mL) and NADPH weeslded to the
solutions (total incubation volume was 100) and he reactios was incubated at 37
°C for up to 60 min.Acetonitrile (300uL) with internal sandard was added to stop the
incubation. The samples were centrifugedd the supernatant was analysed by HPLC
MS/MS to detect thgparent compound.

Human hepatocyte stability ass&tock solutions of the test compounds were prepared
in DMSO (10 mM). Tle stock solutions were added to PBS so that final incubation
concentration was 1 mM. Hepatocytes (70,000 per well) were added to the solution
(total incubation volume was 1QQ.) and the reaction was incubated at°@7for up to

120 min. Acetonitrile (30 uL) with internal standard was added to stop the incubation.
The samples were centrifuged and the supernatant was analysed byM8MS to

detect the parent compound.

CYP450 inhibition assayl he compoung originally dissolved in DMSO were added to

PBS to give afinal incubation concentrationf 10 mM. To the microtitre platevas

added the CYP baculosomes containing cDFA a single human P450 isozyme,
followed bythe fluorogenic substrate amiADPH. The reaction was incubated at 37

°C for at least60 min. Fluorogenic substrates are metabolised by CYP enzymes into
products that are highly fluorescent in aqueous solutidmhe inhibition of CYP
prevents this metabolism, which corresponds to a decrease in the fluorescence signal,

measured on a plateader(Instrument: Tecan Safire2)

MDR1-MDCK permeability and efflux assayhe compounds were dissolved iMSO

to provide stock solutiond0 mM) from which donor (dose) solutions were prepared in
DMEM to give a final drug concentration of M. All dose solutions contained
propranolol (10 uM) as an internal standard.The Maldin Darby Canine Kidney
(MDCK) cells carrying the human multidrug resistdngene (MDR1) were used to
seed filtersthat were exposed to a fixed volume of the donor solutionaioimg the
compound of interest The compoundability to traverse the monolayer and appear in

the receiver compartemt wasmeasured over 30 min.Bidirectional permeability
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measurements were derived by examining the transfer of compound in both the&apica
basolateral compartment and vice versa. Sample analysis was conducted using LC
MS/MS with the detection settings optimised for each test compoUine apparent
permeability results () were reported as lowP§,, < 2 x 10° cm/s, e.g. sucrose,
manritol, atenolol) medium 2 x 10° cm/s <Papp< 20 x 10° cm/9 and high Papp> 20 X

10° cmi/s, e.g. propranolol, diazepam)Compounds with efflux ratios above 1.5 were
classified as Pgp substrates.

8.126Panlabs hit profiling screen

The hit profilingscreen was carried out by Eurofins Panldhsr¢fins Panlabs Taiwan
Ltd, Pharmacology Laboratories, 158 The Road, Peitou, Taipei, Taiwan 112, Taiwan
R.O.C.).

The hit profiling screen included 35 assays. Compounds were tested at a single
concentration ©10 uM in duplicate. The assays included: CYP4B82 (human),
CYP450 2C19human), CYP4502C9 (human), CYP450 2D6(human), CYP450 3A4
(human), Adenosine A (human), Adenosine Aa (human), Adr e n e;n @gat)c U
Adr ened(@@) 8diJen eq (guimen), Ad r e n e (hgnam), Al r e ner gi ¢
(human), Calcium Channel {Type Dihydropyridine(rat), Cannabinoid CB (human),
Dopamine B (human), Dopamine Bs (human), GABAA FlunitrazepanCentral(rat),
GABAA Muscimol Central(rat), GlutamateNMDA Phencyclidingrat), Histamine H
(human), Imidazoline b Central(rat), Muscarinic M (human), Muscarinic My (human),
Nicotinic Acetylcholine(human), Ni cot i ni ¢ Adangaotogit{utanyn e U
Opi at ©®P3,eMOP luman), Phorbol Ester(mousg, Potassium Channel [KATP]
(hanster),Potassium Channel hER@&uman), Prostanoid EP(human), Rolipram(rat),
Serotonin5-Hydroxytryptamine 8HT,g (human), S i g m éhunén), Sodium Channel

Site 2(rat), Transpder Norepinephrine NET (human).
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9. Appendix

9.1 Efflux pump inhibition assay results

Compound | MIC (pg/mL) Concentration used for | Efflux value
efflux assay(pg/mL)
14l1a >500 125 0
142a 250 62.5 2
141b 500 125 0
1420 125 31.3 2
141c 125 31.3 1
142c 250 (some growth 31.3 3
inhibition seen at 125)
141d >500 125 0
14 250 62.5 2
14%1e 500 (some growth 62.5 0
inhibition seen at 250)
14% 250 62.5 4
141f 500 (some growth 62.5 0
inhibition seen at 250)
14% 250 62.5 3
14%a >500 125 0
146a 250 62.5 2
14% >500 125 0
1460 250 62.5 2
145 250 62.5 1
146c 250 62.5 3
145 250 62.5 1
146d 500 125 0
162 62.5 15.6 2
160 500 125 1
161 250 62.5 0
166 500 125 4
163 250 62.5 4
165 125 31.3 0
164 250 62.5 0
1420 HCI 125 31.3 0

Table 9.1 MIC and concentrations of THIQs used in the efflux pump assay. The efflux value refers to
the effect of the THIQs on the accumulation of ethidium bromidé.iaurum where 4 = accumulation
of ethidium bomide the same as that of knoefflux pump inhibitor veapamil and 0 = no accumulatio
of ethidium bromide abovhat ofnormal accumulation levels when no inhibitor present. Verapamil and
chlorpromazine wer used as positive controlsaincentratios 125ug/mL and 1Qug/mL respectively.
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Figure 9.1 Theeffect of first generation THIQs on the accumulation of ethidium bromidie Eurum
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Figure 9.2 The effect of first generation THIQs on the accumulation of ethidium bromide aurum
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Figure 9.5 The effect of second and thiggneration THIQs on the accumulation of ethiditnonhide in
M. aurum

Figure 9.6. The effect of thirdgeneration THIQs on the accumulation of ethidium bromidd.iaurum
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